YAk 0] & ge M ENLAS A
SAWYER H K18/

W AR A AL AR R A A
2020 £EiR

el . RKIOTHEBXKEAERAR 348 SRIOEEX
ExRTiEHRO %
g :  0731-89872400

'2 R




'2 TRART]  mieonr Adlssa Sawyer JF 4467

L

TR 5 AR A HLAS AR PR A 72— K Ll NS BeAL a8 N AR 78 5 B Ik 55 1 fg o o7
SRR

AR BEHLER N i SN R AR TT R C DRSS T 43K 20 24N E K11 500 2 4% HTE
YEAKFE, FFIRR T BA B ERRER 2 0% 08 R . AR SR “GBE. TBat=" s
ERS, H5MREEE T, GE. FH. BEHERY. DRBEEERMA SR ARG I &
£, BB S G HE WL RPEE . SBRNH SRS EFEZERZ RS
RIEM “HifRnl+7 BEedlas Nl aEES.
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FT—E ROS HAl

1.1 Python A ]
AR A AT H Python 15 5 9 5 il I IAKR 7 o W0k 27 2 Be 6 A Python 241

Sawyero
1.1.1 f+4 & Python

Python #& 3 % [“fi4”Guido van rossum £ 1989 &= 2EHETHAA], 4 14T & TCIlr) 2L e 517
WMEH—DHRIEES .
PAE, EMAEAZEH 600 ZFEWEE S, HERTHRMERES KA 20 K.

TIOBE Programming Community Index

Saurce. wwa obe.cam

Jawa
-
Ce4 4
Cc#
w == Python
:' 15 == Vizual Basic NET
5 PHP
= = |avaSoript
== DelphiiObject Pascal
Swift

2004 2006 D0E 2014

B 1-1 10 FEXRIEFHEE (TIOBE)

P& TIOBE2017 “E()4t1t, Python fEFTA AETE S HALSIE 5, 0 WIE 2 AEH MAT I —Fhis
Fo AT CIBEF, Python & M AUES, PATHIHLAE BT 4 H R CPU REFLMEY
MLEAD, DR EEERERT (EAEDRTHREVLE, XIMEHREBAABL2EET) . H—MFHEL,
Ubuntu HELZ& H7 T Python (L8 2.x Ml 3x IAMRAS) , HTEF %2 T .

1.1.2 REE— Python FEF

Python XM ITVESRE T : A B A\ ag SAT M SCAE. T I 5t A B Fh 7 X5 — A e i B
Python 27 .

D ZXHAMT

I A5 v, m N2 python i Python %2 H 27

Bl 1-2 Python X H A M41T

2) ARG
W — T EXRS, 4N hello.py, FTIFEHIA:
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Bl 1-3 Python XA J5 iz

SRJEFTIT 550, N AT 4

| $ python hello.py

XBAHSSEHL 1 H Python ) print b8 41 B 1 547 £ o — BORULE RE B P O E A

PATTHRAE H SCA 1 77 ke 5 ARG
1.1.3 Python FIEEAFIE LR MBBIEF)

5 CIEF AR, Python R T, LRXZEMEEAE XL . Python SCHFIESE I AHE IR .

Vzan

BHL FAE. TR ARMEMZE, Ak Python B B TR EUE R 5K, Jo4l.
FHAES .
2 1-1 Python H3ERKA
SO e e | v | AR S| stk | e | e | ke
o<
7~ -10 1.23 ‘cothink’ True None | [1,@’] | (1,¢@%) | {‘a’:1} | Set([1,2])
Python % 26 A1 4 W FAIE PR () SCRE S HARAE &5 R F/D

#if 25 W
if <25 A HIWT 1>
<PAT 1>
elif <&t FI W 2>
<PAT 2>
elif <Z&14H M 3>:
<PAT 3>
else:
<PAT 4>

TR ST PR, —Fi2 for 1A

# for 3
names = ['Michael', 'Bob', 'Tracy']
for name in names:

print name

—Fi /& while 1G4

# while G
sum =0
n=99
while n > 0:
sum = sum + n
n=n-2
print sum

1.1.4 3EfE Python I KB 5 X
TEYmFETE 5 2=, RS 2 4B =B 5 =

2

o AT BAAAGEIZ IR 5 EEA NS,
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AT L S BN — 2 N T . IX— 25— B Sawyer H 5 1 Python A, 112 4] 7314
i, SNG4 H AR EESLUL I DhRE, A EALIAH & 1 554 T

#!/usr/bin/env python

import argparse
import random

import rospy
import intera_interface

from intera_interface import CHECK VERSION

class Wobbler(object):

def init (self):

nmn

'Wobbles' the head
self. done = False
self. head = intera_interface.Head()

# verify robot is enabled

print("Getting robot state... ")

self. rs =intera_interface.RobotEnable(CHECK VERSION)
self. init_state = self. rs.state().enabled

print("Enabling robot... ")

self. rs.enable()

print("Running. Ctrl-c to quit")

def clean_shutdown(self):
Exits example cleanly by moving head to neutral position and
maintaining start state
print("\nExiting example...")
if self._done:
self.set_neutral()

def set_neutral(self):

nmn

Sets the head back into a neutral pose

nnn

self. head.set pan(0.0)

def wobble(self):
self.set_neutral()

nmn

Performs the wobbling

command_rate = rospy.Rate(1)

control_rate = rospy.Rate(100)

start = rospy.get _time()

while not rospy.is_shutdown() and (rospy.get_time() - start < 10.0):
angle = random.uniform(-2.0, 0.95)
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while (not rospy.is_shutdown() and
not (abs(self. head.pan() - angle) <=
intera_interface HEAD PAN ANGLE TOLERANCE)):
self. head.set pan(angle, speed=0.3, timeout=0)
control rate.sleep()
command_rate.sleep()

self. done = True
rospy.signal shutdown("Example finished.")

def main():
"""RSDK Head Example: Wobbler
Nods the head and pans side-to-side towards random angles.
Demonstrates the use of the intera_interface.Head class.
arg_fmt = argparse.RawDescriptionHelpFormatter
parser = argparse.ArgumentParser(formatter class=arg_fmt,

description=main. __doc_ )

parser.parse_args(rospy.myargv()[1:])

print("Initializing node... ")
rospy.init_node("rsdk_head wobbler")

wobbler = Wobbler()
rospy.on_shutdown(wobbler.clean shutdown)
print("Wobbling... ")
wobbler.wobble()
print("Done.")

if name ==' main "
main()

1.2 Linux 4454

UbuntuC 5 FE KD /& — A~ LA T B FH 28 31 Linux #:4E &4t , Ubuntu % - Debian GNU/Linux,
S x86, amd64 (E x64) il ppe 424, HAERALIIEALIFRIIBL (Canonical Ltd) 4Tl
J% GNU/Linux #:1E &%t

NS4 Linux 24— 2% Har 4.

1.2.1 JXCHFE*X

D Is: B30 HE R

-1 G SCAEEAIME R 1 (list)
-a HIH T H S T ATE SO K& B, BFERREN a CalD
L5 32 07 SR S KA (275 8 MBL,GB...):

$1s-lh

-TW-T----- 1 ramesh team-dev 8.9M Jun 12 15:27 arch-linux.txt.gz

AfR i 1 U [8) T e 47 1 SCA

| $1s -ltr

FE AT 44 J T S SR

| $1s-F
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2) mkdir: 8/ H>*
Y B ES, HELHZK, WA p(parent)

7f home H 3 FAIE—AN% K test B H 3%

| $ mkdir ~/test

i -p 30T AGIEE — AN B4R BT A AR H 3%

$ mkdir -p dirl/dir2/dir3/dir4/

3) cd: VIFER
D)4 3 TAE X [8] catkin_ ws SCAFJEr:

~$ cd catkin_ws
~/catkin_ws$

4) cp: HHl
SISO 1 B0 2, FHFORFE SO BIALRR « J 32 AN [A) K -

| $ cp -p filel file2

S filel 3 file2, WHE file2 fFHESTERE R B S

$ cp i filel file2

5) mv: BIEREML
B4 filel Eav 0N file2, W1 file2 AFAAENHRIRE 578 T

| $ mv -i filel file2

TE R I R AE £ B BN A 2 AT 4R
-v 2t E AR, S PSR, XA ISR T E

$ mv -v filel file2

6) rm: FHERSCF

. MR, RTHRR T E =
- i ] M
TR A AT SR A -

$ rm -i filename.txt

FESCAT 2 A shell BITTFRF 2 ARH A M o MR SCHF T SE T BRSO 44 IR 2EAT A -

| $ rm -i file*

32 VA B SCA S T B S, IR MIER 1230 -

$ rm -r example

7) rmdir: BT EFR
MR — AN AUl dirl 7 H -

$ rmdir dirl

8) pwd: B/RMETHZ
IR catkin_ ws F24 T H 3%
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~/catkin_ws$ pwd
/home/cothink/catkin_ws

9) In: BIEEEE Y
B — AN 1) SRR H SRR -

| $In -s filel Inkl

B — MR SR B B R -

$ In filel Inkl

10) locate: SENLCH

locate iy 44 7] DL /R FEAN R S0 (B—d130f) BIEs4e, &< H B updatedb G 1%k
EE

N A2 RoR R T A B 7 crontab FAF R K S0

$ locate crontab

/etc/anacrontab

/etc/crontab

/ust/bin/crontab
/usr/share/doc/cron/examples/crontab2english.pl.gz
/ust/share/man/manl/crontab.1.gz
/ust/share/man/man5/anacrontab.5.gz
/usr/share/man/man5/crontab.5.gz
/usr/share/vim/vim72/syntax/crontab.vim

11) whatis: ERM4HREE

wathis 7 1s A7 2 RS S -

$ whatis Is

Is (1) - list directory contents

$ whatis ifconfig

ifconfig  (8) - configure a network interface

1.2.2 CAALEE

1) cat: BEFEXHFAR
R L— IR B F/ Z AR A Z, N2/ filel KINE, AJEFH file2 FIA

e

e

| § cat filel file2

n i A AAE A 47 (0 BTN 1475

$ cat -n /etc/logrotate.conf
/var/log/btmp {
missingok
monthly
create 0660 root utmp
rotate 1

}

2) more, less: 7 T RN XA XA
A — NS %

| $ more filel

RAELT more fir 4, less SCVFAESCAF AL R4 — 4 1 S R A

6
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$ less filel

3) head, tail: &R XHL. BAA
BE AR ETAT

$ head -2 filel

AR A SR RS PIAT

| $ tail -2 filel

4) find: XX RGH RIS
ARG E S A B S (A X 5 KN

| $ find -iname "MyProgram.c"

X R B 1 ST HEA 2

$ find -iname "MyProgram.c" -exec md5sum {} \;

R home H & NFTA 25 X A1F:

| $ find ~ -empty

S)we: G XXAEPITH. FH. FRHH
A1t test.py XA H I FHL:

$ we test.py
54 165 1499 test.py

6) grep: fEXA X ERTENFRFH
FESNE P BT R (X 7 KN E):

| $ grep -i "the" demo_file

i th BRIVERE AT, DA RZAT Z R =17

$ grep -A 3 -1 "example" demo_text

FE— A SCAE R P A B A 85 36 8 AT S IS A

| $ grep -r "ramesh" *

BoRITA AR AR "hitpd" FAER rpm L

$ rpm -qa | grep httpd

7) vim: 4R 3CRY
FIHF SO BRI 26 10 47

| $ vim +10 filename.txt

FTIF ST B2 55— UL RS AT :

$ vim +/search-term filename.txt

DA AR AT T S

| $ vim -R /etc/passwd
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123 R4EH

1) who: BRFELE RS

$ who
cothink : 0 2018-05-20 15:42(:0)

F whoami &7 2 AT #AE FH -

$ whoami
cothink

2) hostname: &7~ EHLA
BN T ENA

$ hostname
cothinkTab3

3) uname: BRREL(ERE
uname A] LR R — S E W RGER, GIAZAIR. FHL4A . WZRAS . dbHdEsem
ZEHME R

$ uname -a
Linux john-laptop 2.6.32-24-generic #41-Ubuntu SMP Thu Aug 19 01:12:52 UTC 2010 i686
GNU/Linux

4) top: FIF BT LAFER KRR L HERR
top AT W M HT RS SRR R L I — it (BRIALL CPU S ERHER) -

$ top

top - 14:34:02 up 12 min, 2 users, load average: 0.06, 0.24, 0.21
Tasks: 199 total, 2 running, 198 sleeping, 0 stoped, 0 bombie
%Cpu(s): 5.7 us ...

an R A AR R R AN E L R, AT DA A -u 460

| $ top -u oracle

5) ps: BRBREIFHERIRES
ps i H T B R IEEISAT R HERERIE R, ps A MRZET, XEASIM 7)Y, BF
HHTIEAE AT KT R

| $ ps -ef | more

DAR ARG AL s S AT IEAEIZ AT A9 ERE , H TR Bon i RE 2 IR G5 4 -

$ ps -efH | more

6) du: BH HZFX AN
WA AT H R E R

| $ du -h /home

iS5 dirl 2 AR 25 1) -

$ du -sh dirl

A B K/ AR R S s SR H SRR

| $ du -sk * | sort -rn
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7) df: BEFRR KN
SRS RS ALAE TS DL, BRUIE LR df -k 85 DL D B 7 B R A 1 A )

$ df -k

Filesystem 1K-blocks Used Available Use% Mounted on
/dev/sdal 29530400 3233104 24797232 12%/
/dev/sda2 120367992 50171596 64082060 44% /home

A5 FH -h 6350 AT DA DU ARE 45 Bl 5 > 458 A4 7 I8 o i sk Y

$ df -h

Filesystem Size  Used Avail Capacity iused ifree %iused Mounted on
/dev/disk0s2 232Gi  84Gi 148Gi 37% 21998562 38864868 36% /

devfs 187Ki 187Ki 0Bi 100% 648 0 100% /dev

map -hosts 0Bi 0Bi 0Bi  100% 0 0 100% /net

map auto_home 0Bi 0Bi 0Bi  100% 0 0 100%  /home
/dev/disk0s4 466Gi 45Gi  421Gi 10% 112774 440997174 0%
/Volumes/BOOTCAMP

//lapp@izenesoft.cn/public  2.7Ti 1.3Ti 14Ti  48% 0 18446744073709551615 0%
/Volumes/public

i 1T T s SCAF R ST

$df-T

Filesystem Type  1K-blocks Used Available Use% Mounted on
/dev/sdal ext4 29530400 3233120 24797216 12%/
/dev/sda2 extd 120367992 50171596 64082060 44% /home

8) ifconfig: BEEMLKENL
ifconfig Al T & AL & Linux REHIMLE .
AT MR D LIRS

| § ifconfig -a

5l up A1 down 4 5 BhEi s 11 5% .

$ ifconfig ethO up
§ ifconfig ethO down

9) ping: A W 45 E I8
ping —MNEFEEN, Rk 5 MR-

| $ ping -¢ 5 gmail.com

10) man: A FM T H
2R HEAN A ) man DL -

$ man crontab

AL AT P RESA £ man T, > man GUX B —Ff iy & 288

| $ man SECTION-NUMBER commandname

man DU — B ] LA 8 Py &2
1. FPad

2. R%iAH

3. ¢ EREL

4, wHREMHEN

5. X
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6+ VRS BRI

7. BB, £ #

8. RGEM Rar S MG His Tmd

4, FRA1AT whatis crontab, RE] PLE £ crontab Ny 1 A1 5, B LAFRATT AT BA
T R IR A AR R85 1) man DU -

$ whatis crontab
crontab (1) - maintain crontab files for individual users (V3)
crontab (5) - tables for driving cron

$ man 5 crontab

11) clear: &5
1877 D%

| $ clear

12) alias: X4 Eam 4
G

| § alias showmeit="ps -aux"

AIMERRE

| $ unaliax showmeit

13) kill: RIEHE
kill i F&IE—ANEEE . — BN ps -of TRFEANHEB R HHERES, )5 FH8H
kill -9 MRS 2O . FRIEH] DUE A killall, pkill. xkill SRZIEGERE .

$ ps -ef | grep vim
ramesh 7243 7222 922:43 pts/2 00:00:00 vim

$ kill -9 7243

1.2.4 ITEEYE

1) gzip: FE48 XM
JEGR— Y i 'file 1" SC A%

| § gzip filel

O

$ gzip -9 filel

2) tar: FTEESE

-G [EE RS

X ERpELs

-z gzip JE 45 A

- bzip2 E4E A

-v o AR B R4S R v(view)
-f i R4

Blan AT, AEYE:

$ tar -cvf /home/abc.tar /home/abc

T8, I gzip [E4i:

10
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| $ tar -zcvf /home/abc.tar.gz /home/abe |

| $ tar -jcvf /home/abc.tar.bz2 /home/abc |

2R, W SR ARAR R AR, i E B Ay 42 tar -ovf/ tar -zevf / tar jevf R <c” #pex” Bt
LI

3) rar: FTHREYE
A1) g — Y filel.rar HIH:

| $ rar a filel rar test file

RIS 48 filel', 'file2' A X2 H 3% 'dirl':
$ rar a filel.rar filel file2 dirl

%E rar @:
$ rar x filel.rar
gy

$ unrar x filel.rar

4) HAh 486w 4
46— YA filel' BSCA:
$ bzip2 filel

R — NI filel bz2'f S A
$ bunzip2 filel.bz2

fift . — AN AU 'filel. gz [ 34
| $ gunzip filel.gz

B — A zip B 45 .-
$ zip filel.zip filel

JUAS ST AN H s [E I e 48 i— 1 zip 4% 0 R 466
| $ zip -r filel.zip filel file2 dirl

fiftIE—A zip M UESE 6
$ unzip filel.zip

1.2.5 RHLEES

1) shutdown
KM R G IE LB KM

| $ shutdown -h now |

10 73 Bl i KL :
| $ shutdown -h +10 |

HJH

11
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| $ shutdown -r now

H A 1A s AT R

| $ shutdown -Fr now

2) HAthdr 4
/\g}‘ﬁi)ﬁ' H

| $ reboot

/\é}‘ﬁf_‘{?ﬁ :

| $ logout

1.3 ROS a4/ 5223

ROS 2 T~ 2007 FF-HrH AR K% N LA g S % 5 LA AHOR 2 7] Willow Garage 2 175 1F
A~ AHL#E ATl H (Personal Robots Program), 2008 42 J5 it B Willow Garage JKiE4T#ES) . ROS
R —FIFERILES NRIE RS, B WIRGHRIER G . BREIRBEEPURIE RS R R I RE,
B R AR . R ZIRE AR L L DIRREAT . R B AR . B RATRE
o, Rt T AR A TR, AL, B IS T 2B S R .

A Sandia
: National
A Laboratories

B 1-4 ROS MHATF

1.3.1 ROS &4+

ROS & —Fh /3 A AN AL BHAELE , X ALAF AT PAT SO RS SL Bt I HAEBAT AL IR
. ROSHIULTRUE, FER ERFEERSG S, LENET KA HE DTk ge % SL A F
DiRerThaets, BINE Sz k). B FFAUEA. RS iR TAS.

ROS 1) £ EF 1N

1. HETI 5 ROS @AM RG R ABRIACIRE S, S ) AS W] LS 2 18, T
H gAY CMake T H 0] DUR 25 5 Hb S IR 17 1 2 2% . ROS R 1k 1 1R 2 BIE & AFE B TR
JFE, {5140 OpenCV. OpenRAVE. Player %5,

2. XFFZMEBEES: N TN RRmEE KT R, ROS KH 71EF T IERHELL S5,
RUAS e — PP AR5 5 - ROS SCRFIE 5 4% C++. Python. Octave 1 LISP %

12
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3. BRI HIFIE: ROS G BSD Pril, WA A RS LR AS SO 2 G 27 11

4. RN SBTE: ROS M s sl T BA K IR S5 A0 i BRAS SE AL AT DL 23 0 TH LA
HTE B R 55 D Re A R I SL i oS 7

M 2009 4 Willow Garage 7 ROS PLK, ROS B4 K AT T 10 ZANAS . H A% F )52 Indigo
Al Kinetic, AfEFFIEF Indigo MAE Y Sawyer [) ROS R G dkAT e B F1HE -
% 1-2 B1E Bl ROS ik BATHR

JRA KA HY

Eix EOL H#

May, 2023

ROS Melodic Morenia May 23rd, 2018 [Bionic EOL)

13


http://wiki.ros.org/melodic
http://wiki.ros.org/kinetic
http://wiki.ros.org/jade
http://wiki.ros.org/indigo
http://wiki.ros.org/hydro
http://wiki.ros.org/groovy
http://wiki.ros.org/groovy

®
.k TRARO]  memonie Ablsa Sawyer FF 4441

1.3.2 Ubuntu Z&3&

Ubuntu RARI LT FEARZ, EXBEMEH U BIERNEIHR K LS.

BRI E M (http:/www.ubuntu.org.cn/index_kylin) N #5%[H fiX. Ubuntu14.04 ] 1SO 314
T ISO kst T B (http://unetbootin.github.io/) UNetbootin Jf %2 %%
# UNetbootin - o x

OF v 103 — BREITR — | = s — -
AR Wethootin, JARFIEES|ISHEER- BE:

L {ESRBEE—AEEE T, BTN
z. EE—wERAl, HERS ok Hiizi.

® #EER I IS0 v [OFTiwbuntu-14.04 S-desktop-andéd ise| | .|

BT SRy ARET AR RAT i) |0 2]

2D vk UEEHE - EEHE0N: | - wmE | mE |
A 1-5. UNetbootin %23% Ubuntu
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WA—/ KT 2G ) U 2, FTJF UNetbootin, ¥ B IF Ubuntu YEEL I BEAAAT U #1845, i
W, Sk Eat T bl T .

SERER U R4S ANFRRENLES, TPV JEiE s U #1538, K 1-6 AR, & “Install Ubuntu”
—I, RJERIRIRIR— D — DGR,

Welcome to Ubuntu 14.04

B 1-6. M U #2223 Ubuntu

1.3.3ROS ZE 5K &
ROS M35 5HE 5 AT 6 MBI,
1) %0 sources.list

HEZN T AL E Ubuntu, ffHREZ 3K H packages.ros.org FIHE,
HEFF A5 1 P R B AR DA DR 0

$ sudo sh -c '/etc/Isb-release &&
echo "deb http://mirrors.ustc.edu.cn/ros/ubuntu/$DIST-RIB. CODENAME main"
> /etc/apt/sources.list.d/ros-latest.list'

2) ¥ Keys

$ sudo apt-key adv --keyserver
hkp://pool.sks-keyservers.net --recv-key 421C365B-D9FF1F717815A3895523BAEEBO1FA116

3) &I

$ sudo apt-get update
$ sudo apt-get install ros-indigo-desktop-full

4) FHEH rosdep

$ sudo rosdep init
$ rosdep update

5) HERE

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

6) %3 rosinstall

| $ sudo apt-get install python-rosinstall

Z ik, Indigo MAM ros T4 %25 58 il o
1.4 ROS =7

ROS B] PLiz4T7E Linux. Unix 1 Android ‘& F (& 1-7) , HEI'E /7% Linux T ] Ubuntu
RGBT o

15
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REm: MR -

S
. b Ubuntu 0S X (Homebrew)

=

S

Gentoo Linuy
& ) Ubuntu {armhf)
&
Source installation

Bl 1-7. ROS B7 X #RIE RGF & ISR

Android (NDK}

1.4.1 ROS EAMES

ROS HAFTIe AL, REATIReRIR At — S8 ok Jr 58 . ROS 1 N I8 L i B A1
R 55 (5 RPN R () 381

TIRE L5 (stack):
DR R R SLIAEM I e 2 AN DIt WA &, WHREE BN, T DI ER
WA MICHRA S, & ROS B KA KT ER K.

Thee 8 (package):

Thae st ROS LA 1 1 2L, 7T LA B AU IF AT 1% . ATSEERIE. — NI
A — R E SRR SO BRSO e E SO

4 B (node):
T AT, AT AT E I ThRe . R SO R A E SO A AT SO,
AW LLFE ROS H1iB4T o

% 8l(Topic) AR S (Service):
9 2 [A) A T 2 3 RS A IR 25 P Pl . 32 R BRI AU TR B R AE TR
e XA IEAS , BLHETE 3K (request) A1 I (response) »

8 B (msg):
HEIRRREE N RANS, B AW E B S5H,  SCRPARAE I SR IR 2
KA, WFEEE., FRA, MR,

1.4.1.1 7 RFMERR
ROS TCP Topics

/ \, subscribe("images")
ros

"master”

topic:images

(camera> Culewers

K 1-8 ros H AIEWRHE

Nodes: 7 51 /& ROS REAT AT I, WK 1-8 H1¥) camera,viewer;

16
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Topois: topic Bl i, % node 7] LA topic KIXVHE, B WU topic H . ;
Messages: topic ¥ 524!, U1 Float64, Vector;

Master: AT pife b ar 2 RS, FrLk node #B#E[5] master 3/t

4 nodes 183 master V1M 5P LLEEH TCP WhsGEW, @11 1-9 Frow.

ROS TCP Topics

ros

"master”
topic:images

pubhsh img)

B 19 node EIZENE

A~ topic FI X N % /™ publisher F1 subscriber, 1 1-10, camera-node & i image-topic,
viewer-node ! viewer too-node 33 {3 7T image-topic.

I "master”
|topic:images|

publish(img)

Ima
9e :
*(tcpriewer too

B 1-10 —A topic X} %4 publisher 1 subscriber

1.4.1.2 REMSH
Nodes 2 [E] AT LIE T Service #4718 . Service server F2EAR %%, Service client i# T XML
RPC A H] Service server $2EIAR S, WK 1-11 Fios.

Action 1 Service MRAAML, XF T4 W ZRMESS, HANRESHHUMAE 2I2E M B, AT KN
EHURE B2 BIEAA B, PATHISE R . Action AT DRt mAABAT 45 3, A2 T 5B (138 58

M service.
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Client Application Server Application
user code user code
function calls Action ROS Action callbacks =
client_sendGoal...) b ‘ ) void executeGoal{g)
= Client Server <
 callbacks y

B 1-11 action T/EH

1.4.2 ROS A 44
ROS A — 2452 1 EEE a4, N IAEGN 6 2 1 B

1.4.2.1 ROS EAINEE M4

1) rospack(ros+pack(age))
rospack FH T3REX DI Rt I AHORAE B, Hoan 246 A0N:

$ rospack <command> [package name]

Bilhn:

rospack help, %t rospack @4 % FH 52

rospack find [package name], ZHRIIAEEL, X [AIfK) /L D Re A0 40T BR A% o
rospack depends [package name], %t Dl GE 6L I BT A3 4R IO

2) rosstack(ros+stack)

rosstack SREX D) RE AR AR GAE B . .

rosstack help, #iith rosstack 75 BI{E B, B rosstack fir 4 A H 75 %
rosstack find [stack_name], AHINAEEEE, I []D)REELEE I L0 BE A% o
rosstack depends [stack name], %t ThEE €4 1) Fr B KA 200 .

3) rosls(ros+lIs)
rosls /& rosbash EAF 1 —# 5y, &R DhRE KA ARSI AL E B SR SR, AN
R Zaxt g, dr 2k aln:

| $ rosls [package name/[subdir]].

4) roscd(ros+cd)

roscd B3R il F SR 26 E D REC/IIRER AR, Ar g N

$ roscd [package name /[subdir]]

5) catkin_create pkg
BIF ros e, HaAhAN:

$ catkin_create pkg [package name] [dependl] [depend2] [depend3]...

Hrfi[package name] i I [ #0573 A& B Dh e B HT WK I DO RE AL, LA AR =5 — MR 3CAF
T &R — A Ife ] LA 2 MK hRE .

6) catkin_make

18
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catkin_make M1 F 2 % 1% ros TIHEHD .

7) Tab H3h58 RN

2 N — AN SE R A A4 BRI 45 EL A 5B, E A roscpp_tutorials A& MH 24K (1 44 R
EONTFER A, SIEME, ROS LHE CHF Tab 8 H 54 58 B A I RE .
N

$ roscd roscpp_tut<<<II7EiE 1% TAB fE>>>

Y% Tab )5, AT TN IZ S AN ERIREL D :

| $ roscd roscpp_tutorials/

XMNZAHH, N roscpp_tutorials #& 4 i ME—— N FKLL rosepp_tut 7E ATk #) ROS #ff:
@A o
DUAE S -

$ roscd tur<<<Il L1514 TAB F>>>

% Tab $#)5, @74 MNMize /LAl R B sh#h 7o e B

| $ roscd turtle

B, EXFEN NE 2D EZ U urtle 73k, 2RI Tab ## )5 M i% 2 51 T b
turtle 73k i) ROS 3 FE.:

| turtle_actionlib/turtlesim/turtle_tf/

X AE g AT FPARSLIZAI IR R £

| $roscd turtle

IAELE turtle [ A s 2R J5 9% Tab B

| $ roscd turtles<<<ig1% TAB #i>>>

1.4.2.2 ROS F % L4

1) roscore(ros+core)
T ros 1.0, fEIZAT ros 9 miZ 1, WZSEIEAT roscore T4 .

2) rosrun (ros+run)
rosrun I&17 ros 19 g, AN

| $ rosrun [package name] [node name]

3) rosnode(ros+node)

rosnode AJ LS 7R IEFEIZAT 1) ros 15 sif5 /o rosnode [ FH i 243 Wi~ JLFh:

rosnode list HIH Y HT IEAEIBAT B R

rosnode info [node name] i T SIS B .

rosnode kill [node name] SR — AN IEFEIZAT T AL, B4 rosnode kill -a, 45 9 FTA 715 A

4) rosmsg/rossrv(ros+msg/ros+srv)

rosmsg w7~ TH BB G5 R E S, rossrv i AR S5 BUE A5 F ) 8 Lo FRATTAT LLIZAT rosmsg
-h (rossrv -h) #X& rosmsg(rossrv) iy 2 LT 7775 . UL rosmsg |, 1217 rosmsg ~h, 7] LLE %
rosmsg A W JLFF A4

rosmsg show BRI B R SR B E X
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rosmsg list FIth ros HHTA I B
rosmsg md5 ENTH B mdS E

rosmsg package H1 Dy e A B
rosmsg packages HIHEA AN S BT A D RE

5) rostopic(ros+topic)

rostopic B & T M EBYF B, 1817 rostopic -h A LIRS Zay S vk, Wk
rostopic bw  display bandwidth used by topic

rostopic echo print messages to screen

rostopic find find topics by type

rostopic hz  display publishing rate of topic

rostopic info print information about active topic

rostopic list  list active topics

rostopic pub  publish data to topic

rostopic type print topic type

rostopic bw [topic] {7 3R T 5

rostopic echo [topic] it 2=/ & AT £ ;

rostopic find 18I A A4 I s

rostopic hz [topic] it = LK A (A5

rostopic info [topic] #ith 3@ EAREE, GFREEERA . KA AT T A
rostopic list i tH 4 Fi V&G 30 (1) 32 R

rostopic pub KA EHE B 77

rostopic type [topic] it 3 & )7 B2 .

T R e

6) rosservice
rosservice &= — MM TR HI 4. 18174 rosservice -h, HJ PA3K1S rosservice H# BI{E

S rosservice Al T JUFHEE FH 752

rosservice type o H Il 25 P 2R 2
rosservice find JE I R 55 SR T A R e 5
rosservice uri %1 i IR %% rosRPC uri
rosservice list A ETTE BN IR S (G
rosservice call R MRS

7) rosparam

rosparam FJ FISRIRAE A B ROS Ik 55 4 (Parameter Server) ' R . 2 Uik %% 2% 7T LA
TEAETERL | V7 S A RBY . i K B2 . rosparam FUIEVEAS R T YAML iE 5. YAML i
e 1 RREBR, 1.0 BREFERE, one XRTFRH, true RonfizkA, [1,2, 3RS
#, {a:b,c:d}RRFH ., rosparam [FEFH AW R :

rosparam set [param_name] wEZH

rosparam get [param_name] RIS

rosparam load [file_name] [namespace] M IS
rosparam dump [file name] [namespace] R — X
rosparam delete MIEE—1 2%

rosparam list YIS 24 FR

8) roslaunch
roslaunch 1] PA#%Z [ Jaunch SCAF IR 77 =08 815 £, o H 308

| $ roslaunch [package] [filename.launch]

9) rosbag
.bag & ROS H HIRAFEHE B AR 1 SCH 20 rosbag v & 1 FSRALEE. bag SCHF, EITIRE
f4E: dFK(record). A &h(info). [ (play)s fEE(check). BH (fix)5 .
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1.4.2.3 ROS BAEfr 41344
ROS W27 LLop A RGERAE  5 nfE . H 38 S0 32 e 2 R0 &) 5 i R g
K
- % 1.3 ros T RGHIENS
rospack A ros £l
rospack profile &5 # 42 F pluginlib [ #
roscd Vi H 3%
rospd/rosd ros [f] Pushd &4
rosls FI A RE B
rosed FTFF ros SCHF
roscp A S A
rosdep LR R
roswtf WoRIEFEIBIT I ros RSS2 AR
catkin_create pkg B
wstool BT AR (B A
catkin_make G R A 23 AR
rqt_dep 7 B AL 6 e R R

AR — L

$ rospack find [package]

$ roscd [package[/subdir]]

$ rospd [package[/subdir] | +N | -N]
$ rosd

$ rosls [package[/subdir]]

$ rosed [package] [file]

$ roscp [package] [file] [destination]
$ rosdep install [package]

$ roswtf or roswtf [file]

$ catkin_create pkg [package name] [dependl]..[dependN]
$ wstool [init | set | update]

$ catkin_make

$ rqt_dep [options]

R 1-4 A AR EERE S
# 1-4 H EBEERS

roscore JA 8 ros T 5 L SHR S
rosrun AT A HAT A
roslaunch J& 31 launch 44

HARK)— L i
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roscore:
$ roscore

rosrun:
$ rosrun package name executable name
$ rosrun turtlesim turtlesim.node

roslaunch:

$ roslaunch package name file name.launch

$ roslaunch -p 1234 package name file_name.launch
$ roslaunch --local package name file name.launch

#1-5 HERTREERE

rosbag record

TESRFFAE topic [EHE 21 bag SC1F

rosbag play [=178 bag SCAF

rosbag compress 4 — A Z A bag A
rosbag decompress fift I 45 bag SCAF

rosbag filter 198 bag LN
rosmsg show BRI EE X

rosmsg list NV Ne ot (NP e 2
rosmsg md5 B~ S MDS {8

rosmsg package F AL B TR T B
rosmsg packages F A AT SR A
rosnode ping I R

rosnode list H AT B
rosnode info T S R

rosnode machine FIH VLA N FIB AT B0 A
rosnode kill k=R

rostopic bw

topic 7

rostopic echo

IR topic W

rostopic find 5 25 S 4K topic
rostopic hz topic KA
rostopic info topic 15 5

rostopic list FiF topic 7|3
rostopic pub W] topic KA TH 5
rostopic type topic Z5H
rosparam set wEZHUE
rosparam get S HA
rosparam load RHSHOU
rosparam dump BSEE N2
rosparam delete I 2K
rosparam list I ZH853%
roservice list HIH BT AT IR S5
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ITENSRHEAR 35 (1719

roservice node

R R 55

roservice call

B 4 R 55 P it 2 5

roservice args

ITENAR 55 252

roservice type

roservice uri

FTENARSS rosRPC uri

R R 55 SR R 4K B e 55

roservice find

HARH—2E

o

$ rosbag record topicl topic2

(B 7L

$ rosbag play -a demo log.bag
E2OMENGE

$ rosbag play demol.bag demo2.bag

x 1-6 EFEFEH LA

rqt_console

2o rosout _E T E

rqt_bag

03K [FI bag SCAF

rqt_logger level

BEHEER, mES. R

rqt_topic A& KA ] topics
rqt_msg/srv TR B BUR 55 8
rqt_publisher W] topic K% S

rqt_service caller

RS

rqt_graph R R
rqt_dep AR R

rqt_reconfigure

SHEEIE

rqt_shell R MmN E
tf echo FTEM AR 55 18] f AL AR AR

view_frames

L R G AR

rqt_plot

1 i topic £ K

rqt_image view

wos B

rqt _console:
[g/Console D@ -0
Eu 3 UU Displaying 20000 messages @ || Fit VC‘{L,“’,“F
# Message Severity Node Stamp Topics Location | 1
#45281 @ waiting .... Info /fridge_can_main 15:47:38.434765844 (2014-11-03) | /base_controllerfjoint_traj... ;'home/appl”.l_i
#45280 @ MessageFilter [target=/odom_combined ]: Messa... Debug |famcl 15:47:38.415848667 (2014-11-03)  /amcl/parameter_descripti... /opt/ros/hy...
#45279 @ MessageFilter [target=r_shoulder_pan_link |_sho... Debug |/base_laser_self filter 15:47:38.398396346 (2014-11-03) | /base_scan_marking, /rosout | fopt/ros/hy...
#45278 @ self filter: reduced 707 points to 707 pointsin 0.0... Debug | /base_laser_self Filter 15:47:38.398332336 (2014-11-03)  /base_scan_marking, /rosout |/home/appl...
#45277 @ Got pointcloud that is 0.046715 seconds old Debug | /base_laser_selF filter 15:47:38.397157618 (2014-11-03) | /base_scan_marking, frosout | /home/appl...
#45276 @ MessageFilter [target=r_shoulder_pan_link [_sho... Debug | /base laser_selF Filter 15:47:38.397128903 (2014-11-03)  /base_scan_marking, frosout | /opt/ros/hy...

#45275 @ MessageFilter [target={fodom_combined ]: Added... Debug |/amcl 15:47:38.395828907 (2014-11-03)  /amcl/parameter_descripti... | fopt/ros/hy...

#45274 @ unsubscribe cloud topics warn /detect_cans 15:47:38.381356729 (2014-11-03)  fopenni_c2/depth_register... /home/appl...

#45273 @ MessageFilter [target=/odom_combined ]: Messa... Debug |/amcl 15:47:38.375542087 (2014-11-03)  /amcl/parameter_descripti... |fopt/ros/hy... [~
[ v
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rqt_bag:
EBag D@ -0

{0moos {om15s

{om30s {omass {1moos {1m15s iim3os -

base_scan

eng2/7f

head_resized/camera_info
image_transpor../|_forearm_cam/camera_info
image_transpor../r_forearm_cam/camera_info
joint_states

|_forearm_cam/camera_info

|_forearm_cam/image_raw

rqt graph:

Default - RosGui

File Plugins Running
ROS Graph D@ ox
E. Nodes/Topics (all) =/ [ j-

L
(]
[t
"

namespaces actions

rqt_dep:
» rqt_dep_ RosPackGraph - rqt
WFPackage Graph 0@ -0

e 2 2| | tuatlesim depends D iwetEdry :

B mark ¥ Show Stacks Mo Transitive deps Colorize @ Highlight & Fit
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rqt_plot:
@matPlot Di@ -0
Topic / || = = & autoscroll | [l | @& |
| g panfzoom
ﬁ ° 0 .i| = @ ﬂ vl X=341.653 y=6.91723
gpl| — [turtlel/pose/x
— [fturtlel/posely
8.5
8.0
15
7.0
332 334 336 338 340

rqt_image view:

jmage view 0@ o X image view (2) 0@ o ll

finect_head frgbfimage_color Al ha 10.00m fkinect_head/rgb/image_rect =il 3 10.00m

1.4.3 §]& ROS EF

BT EAIE— A ROS TAEX (A, #AJ5 0 LAiEIt (catkin create pkg) .5k H 3% ros
package;

1.4.3.1 £ ROS TIEZ[H]

1) 44 TAEX A
FTFF Gnome Terminal, 7] L I 5 bR o A2 b £ B b 5l 3 48 R “terminal”, 75 7] Jd@ i 20 & P 5
HEeCtrl + Alt + T $77T:

$ mkdir -p ~/ros_ws/src
# ros_ws (short for ros Workspace)

Hri~/ros_ws/src A ROS FF R IM T AT/ B 2 b, ~fX3RH /-~ Home HxEEZ. WLHZHF
AILLEE X, WHESET wiki EER—F, ZFEZEE wiki 7L, FE § YN
terminal &3 BT NI (I 2, #7955 5 NTERTE, IHEANERIA.

2) Source ROS

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

R ERITI &, #EEIET By 4 AEie1T ROS MK <, N T fiix—%
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BULHFE, B PLEJCTE bashre XM (IZ H RAE 4 ET R4 Home HX T) X s4me, X
MIRRERER )G, RS HNTBIRPATIX Sy S e B T KR .

3) HwrERE
X B EN TAEZS ] ros_ws HEEAT, FrPACZoqAr T4E H F#84%, N ros_ws.

$ cd ~/ros_ws
$ catkin_make
$ catkin_make install

1.4.3.2 €] ROS A
HE# H (catkin_create_pkg) TE K H A& ROS &, MW T:

$ cd ~/ros_ws/src

$ catkin_create pkg my first pkg rospy
$ cd ~/ros_ws

$ catkin_make

$ catkin_make install

XFERANE 75— ROS f2/7 8. thif, it L Ny 2 NSl my_first pkg F2/ 7 AN, 14
2 Bl —A sre I, CMakeLists.txt CAFFI package.xml A

$ cd ~/ros_ws/src/my _first pkg

1.4.3.3 44’5 Publisher 5 Subscriber

WRZ ROS BT, nLLUERESR] ROS Mk, X BN —AHE B R Am
T (“talker™) , EHFRFEEMIA ROS RGUAANTHE -

[F] i B & — A~ 44N listener [ Subscriber 7 s IX talker 5 S R AT FRFEHEIHE, FFAERE
= BFTER.

1) Publisher U5

#!/usr/bin/env python

import rospy
from std_msgs.msg import String
def talker():
pub = rospy.Publisher('chatter’, String, queue size=10)
rospy.init node('talker', anonymous=True)
rate = rospy.Rate(10) #10hz
while not rospy.is_shutdown():
hello_str = "hello world %s" % rospy.get_time()
rospy.loginfo(hello_str)
pub.publish(hello_str)
rate.sleep()
if name =='main_ "

try :
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talker()
except rospy.rosinterruptException:

pass

2)Publisher SRR

#!/usr/bin/env python

B> python ¥ RO RITIABA N AZ M 1K A —B, AR Python f#RE s AT XA
A

import rospy
from std_msgs.msg import String

F A rospy £, M std msgs HLH 5| String ZEAHIH S .

pub = rospy.Publisher('chatter’, String, queue size=10)
rospy.init_node('talker', anonymous=True)

BIEE B K Afids, W ROS 1.

rate = rospy.Rate(10) #10h

BOEH B RATIAN 10Hz.

while not rospy.is_shutdown():
hello_str = "hello world %s" % rospy.get time()
rospy.loginfo(hello_str)
pub.publish(hello_str)
rate.sleep()

FAEIR, 2 ROS WA KM, FrER A helloworld” i) 545 84 1 & -

try :
talker()

except rospy.rosinterruptException:
pass

SRR, Cul+C EWRIET.

3)Subscriber X%

#!/usr/bin/env python
import rospy
from std_msgs.msg import String
def callback(data):
rospy.loginfo(rospy.get _caller_id() + "I heard %s", data.data)

def listener():
# In ROS, nodes are uniquely named. If two nodes with the same
# node are launched, the previous one is kicked off. The
# anonymous=True flag means that rospy will choose a unique
# name for our 'listener' node so that multiple listeners can
# run simultaneously.
rospy.init node('listener', anonymous=True)
rospy.Subscriber("chatter", String, callback)
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# spin() simply keeps python from exiting until this node is stopped

rospy.spin()
if name ==' main_ "
listener()

T 3, A AN AT AT AR -

$ chmod +x listener.py

4)Subscriber RGP

rospy.init_node('listener', anonymous=True)
rospy.Subscriber("chatter", String, callback)
# spin() simply keeps python from exiting until this node is stopped

rospy.spin()

P S ERIT topic 447 KIHERM, WE RIS, EHE 2R A 3hiE A R
PR R N B BSOS AL P

rospy.spin()rfE 1 s AL FIB4TIRAS, ANET rosepp H spin(), Python H[fJ subscriber
H O HIZRFE, spin()AN52 M [B] 1 pR %0

1.4.3.4 95’5 Service 5 Client

X BTG — 4N (“add_two_ints_server”) [1] Service, ‘& HaISCfL i ik SR il 99 /> 2 4,
IR B PR A

1)Service fUHg

#!/usr/bin/env python

from beginner_tutorials.srv import *

import rospy

def handle add two_ints(req):
print "Returning [%s + %s = %s]"%(req.a, req.b, (req.a +req.b))
return AddTwolntsResponse(req.a + req.b)

def add two_ints_server():
rospy.init node('add two_ints_server')
s =rospy.Service('add_two_ints', AddTwolnts, handle_add two_ints)
print "Ready to add two ints."

rospy.spin()

n

if name ==" main "™

add _two_ints server()

1) Service {UHSfERE:
FIFERRATE e rospy HIEBALTT A5,

| s = rospy.Service('add_two_ints', AddTwolnts, handle_add two_ints) |
SRIG B — AT service, 47 A“add two_ints”, J87AE AddTwolnts. A5 AR S5 1% R
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1S54 # %) handle add two_ints, %pRECKACEE R FIR[EE R ACH R . FRE, XEM
rospy.spin() A AR AR TS, A LR ER .

2) Client /%G

#!/usr/bin/env python
import sys
import rospy
from beginner_tutorials.srv import *
def add two_ints client(x, y):
rospy.wait_for service('add two_ints'")
try:
add_two_ints = rospy.ServiceProxy(‘add_two_ints', AddTwolnts)
respl = add_two_ints(X, y)
return respl.sum
except rospy.ServiceException, e:

print "Service call failed: %s"%e

def usage():
return "%s [x y]"%sys.argv[0]
if name ==" main "™
if len(sys.argv) == 3:
X = int(sys.argv[1])
y = int(sys.argv[2])
else:
print usage()
sys.exit(1)
print "Requesting %s+%s"%(X, y)
print "%s + %s = %s"%(X, y, add two_ints client(x, y))

4)Client fRFB/ERE
Client JAEWYIGHA ROS 545, FATEIL wait for service 5547 Service ¥R JHisl, Ak
F RN, MERECH — BT EAIRES

| rospy.wait_for service('add _two_ints")

SRIGIEIE ServiceProxy fJ# Client X%,

| add_two_ints = rospy.ServiceProxy(‘add_two_ints', AddTwolnts)

o HERHZA R, PRI BEUE NS H, SR IBUEAFE] respl oo

respl = add_two_ints(X, y)
return respl.sum

1.5 ROS i &

RViz fl Gazebo & ROS & HH I 3D B n i B T H . RViz X 5da 3t 47 = 4Enf AL 3+
HEAT A H AR, W A THLENE s iR, ERENUEEsh k. BahPles a4 .
Gazebo J& —ZIRATIIHLES N4 B4, &3 TH 5] % ODE. & Gazebo 4, 5 H Al &
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A0 ArbotiX Fl Stage. A FEMEA2H RViz Ml Gazebo FAE FH 771 LK an ey R F X 5 > 1 B33k
1T o

1.5.1 RViz i ETE

RViz & Willow Garage FF & [1) 3D $#s vl AR5 o B0k A b A DY o 85 S5 5008 22 7 il = 4
%, (FENZEAGENER TEREER Y. £ RViz Haf LAER & F —48BME . wWE . B
FHBAE. Ha. B R, PLEE AR RS BRET. 555, MERSEE 8RR, 1k,
RViz N4mFEN RIEHE T v ¥4k A5 1c (visualization markers), /%] LLilid g ik RViz iR — 2=
Bebric, WEk. AR R, IREZEEETE RViz PEAE XS hRIC RN L5 G, X EkE H Ew
EUFAIN IR, Rk AT LAE ) RViz SRERIEHLEE A

1.5.1.1 %% RViz

ROS wiki 1T : http://wiki.ros.org/rviz

B IRALE ROS I AR 2, 1Ri%E#E HHEH ros-<distro>-desktop-full 5t 2> % RViz
Hahtl it %, AP MLSE RViz, ZHme:

| $ sudo apt-get install ros-indigo-rviz

AT RViz 2115 A B 2% ArbotiX. ArbotiX A] LUBIIRE SN 28 A, 1B AS B4 AT (] 4 3 4
P, 2Rl

| $ sudo apt-get install ros-indigo-arbotix-*

1.5.1.2 RViz M

1E— N3 24T roscore 4 i 51] ros master, SR )5 7E 5 — N R 3 RViz, 181764

| $ rosrun rviz rviz

RViz Ja 25 K A WA 1-12 Fros . SR A I aplas AR,

sim.rviz® - RViz

5 Move Camera | (M interact [ ]Select . 2D PoseEstimate  ZDMNavGoal dh -

!;_ﬂ Displays

»a Views x
i ] ;‘;Z?ng:‘:m i Type: | XYOrbit (rviz) i Zero
Background Color W31;37;31 ¥ Current View XYOrbit (rviz)
_ Frame Rat 30 Near Clip Dist... 0.01
v@ i.jobal Status: Warn Target Frame  <Fixed Frame>
) Fi me No tf data. ... Distance 10
» & Grid b Yaw 0.845398
¥ #\ Odometry & Pitch 0.785398
+ v Status: Ok » Focal Point 3.0041;2.6151;0
Topic Jodom
Color @ 221; 200;
Position Tolerance 0.1
Angle Tolerance 0.05
Keep 100
Length 0.6
» ~\ Odometry EKF
+ @ RobotModel [}
!
| Add Save Remove Rename
|| Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click:: Move Z. Shift: More options. 30fps

K 1-12 RViz Bah R
ME 1-12 F AT LLE 1, RViz TEAFE LT JLES
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1) T E(Tool)#=:
RViz B LR T8 A ETr, S8 TEAERH. Wi 1-13 fix.

|(ﬂ'~_’\'| Interact | /5 Move Camera [ _J Select <§§,> Focus Camera rm Measure 2D Pose Estimate " 2DMavGoal 4 =
& 1-13 RViz K T B

L

Interact: JE¥%/ 4 3D B O HIN % .

Move Camera: WFEMEFIMN A, SLERINEESRML. EIXBEAT, 20 mgE RAr AL .
B e BEAE 3D & I HES) .

Select: i+ 3D R HH 5, S MBCER WA 1-14 fioR, TSR, KB mH6
W% . AILLE Displays->Global Options->Background Color AME X = HiE . T KEEH 2
turtlebot_gazebo £ H [ turtlebot 544, ¥ taikA Odometry. 22§ turtlebot /5 3, 11 [ ros
B W f T http://wiki.ros.org/Robots/TurtleBot £ i F 2. )

sim.rviz* - RViz
]
‘l 5 Move Camera | fby Interact Iij Select  2DPoseEstimate  # 2DNavGoal <k =

I Displays x

v

e Views L
= .

. g;ﬁﬂza:':"s — Type: | XYOrbit (rviz) 2| Zero
Background Color W 93;92;92 ¥ Current View  XYOrbit (rviz)
Frame Rate 30 Nearclip... 0.01

¥ v Global Status: Ok Target Fra... <Fixed Frame>
v’ Fixed Frame oK Distance 1.44857

» @ Grid Yaw 1.0604

v ~\ Odometry = Pitch 0.570399

» v Status: Ok » Focal Point  0.16845; 0.15809...
Topic Jodom
Color @ 221; 200;

Position Tolerance 0.1
Angle Tolerance 0.05
Keep 100
Length 0.6
» ~y Odometry EKF O
» i, RobotModel =

Background Color
Background color for the 3D view.

Add Remove Save Remove Rename
Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click:: Move Z. Shift: More options. 30 fps
B 1-14 RViz HEHHLE AR
Measure

2D Pose Estimate: /7 Al R 1% TR & B Sl NI AL LR R shE L R SE, LM
b e A B eIk K R B AT

2D Nav Goal: N ANHLEE NI E H L4, b o A A B AR R 5 [ E R AT .

+ /- gl AR AT DAASIORT R TR, R s m BN TR .

2)3D BREN

3) &~ (Displays)f=

A R R 4 R R T(Global Options )« P (Grid). 13§ A% (RobotModel) %5 543 1)
WEUCRSFEE, W 1-15 fior.

SRR T AT U I AT I RSN o A5 2 A HE FH T B s B . A IR T
SHRHE R RS, — M T LS tf frame (AR R)D B topic.

JEIAWIEIT A 55 W R A A /N =, 0] AN = AR R TR & K R T
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RWE NS 22 AR AL g AR RS, W 1-16 A1 1-17 Fios

v

) Interact | & Move Camera

I Displays »
v # Global Options

¥ v Global status: Ok

v Fixed Frame OK Distance 1.63818
» @ Grid ™~ Yaw 0.725
» == DepthCloud (] Pitch 0.534797
» (& Camera » Focal Point  -0.049231;-0.027...
» (& camera B
* i RobotModel =

» v Status: Ok
Visual Enabled =

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

Add . Save Remove Rename
(© Time B
ROS Time: [130.17 ROS Elapsed: [119.48 Wall Time: |1446613966.54 wall Elapsed: |129.24 [ Experimental
Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 24 fps

1@ Displays ®
i v & Global Options
Fixed Frame odom
Background Color [l 93;92;92
Frame Rate 30
v + Global Status: Ok
v/ Fixed Frame OK
» & Grid &
v #\ Odometry &
» v Status: Ok
Topic Jodom
Color [ 221; 200;

Position Tolerance 0.1
Angle Tolerance 0.05

Keep 100
Length 0.6
» ~\ Odometry EKF B
¥ i, RobotModel &
» v Status: Ok
Visual Enabled &

Collision Enabled

Update Interval ]
Alpha 1
Robot Description  robot_desc...
TF Prefix
r Links o

Background Color
Background color fFor the 3D view.

Add Re

B 1-15 RViz PR EREE

(1) 4% (Global Options ): 1% 7 £ 5 22 1) /& 1 B [ 58 AL bs &R (Fixed Frame), [& € AL xR

RViz*
{Jselect - FocusCamera em Measure # 2DPoseEstimate  # 2DNavGoal @ Publishpoint < -

e Views x

Fixed Frame base_link | Type: | it (arir) = Zer
Background Color W 48; 48; 48 ¥ Current View  Orbit (rviz)
Frame Rate 30 Near Clip... 0.01

Target Fra... odom

Collision Enabled
Update Interval
Alpha
Robot Description robot_des...
TF Prefix

» Links

- TE (] =

- o

B 1-16 HlEs NIERRES
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[055 e

¥y Interact

I3 Displays
v & Global Options
Fixed Frame

Background Color

Frame Rate

¥ v Global Status: Ok

¥ Fixed Frame

» @ Grid

» = DepthCloud

» B Camera

» B Camera

¥ i, RobotModel

» v Status: Ok

Visual Enabled
Collision Enabled
Update Interval
Alpha

Robot Description

TF Prefix
> Links
¥ b TE

Fixed Frame

Frame into which all data is transformed before

being displayed.

Add
(© Time

ROS Time: |205.53

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

=2 Move Camera

{iSelect 4 FocusCamera mmMeasure . 2DPoseEstimate . 2DNavGoal @ PublishPoint o =
L3 v Views
R Type: | Orbit (rviz) 7 Zero
W 48;48;48 v Current View  Orbit (rviz)
30 Near Clip... 0.01
Target Fra... odom
OK Distance 1.89294
= Yaw 0546817
B Pitch 0374797
_' » Focal Point  0.045088; -0.144.
=
=
0
1
robot_des...

Save Remove Rename

ROS Elapsed: |194.84 wall Time: |1446614047.55 | Wall Elapsed: 21030 (] Experimental

30 fps

B 1-17 LA T RES

(2) M (Grid): ZIEFEMI SRR R RE. BH. Kb, BiaEER.
(3) ML#s At (RobotModel): %I FEHL 25 N FPIRAS . S0 AT WL (Visual Enabled). 7

YFAlff# (Collision Enabled). %41+ (Links)% (5 &

WEFEN AT DURAE B R R I BRI E o sl SRR T B “Add” #288, Fan
B 1-18 Fron X EAE . [ 1-18 I8 00 T Ak br¥i(Axes)Fl TF A4 ki & (TF frame). TF(transform);& ros

BREXGAMERNEETA.
Ceooe

&] Interact | 77 Move Camera [} Select <> Focus Camera == Measure . 2D PoseEstimate " 2D Nav Goal @ PublishPoint ok =5
D pisplays % | Views X
v % Global Options g
Type: | Orbit z

Fixed Frame odom ype |orblkiov) = i
Background Color M 48; 48; 48 v Current View  Orbit (rviz)
Frame Rate 30 Near Clip... 0.01

» v Global Status: Ok Target Fra... odom

» ® Grid = Distance 134372

» =& DepthCloud ] Yaw 0.711817

> (& Camera Pitch 0.519797

» [E Camera » Focal Point  -0.10318; -0.0766...
» i, RobotModel &
> - TF =
v L Axes =
» + Status: Ok

Reference Frame odom

Length 0.5

Radius 0.01
Length
Length of each axis, in meters.

Add Save Remove Rename
© Time *

ROS Time: |283.92 ROS Elapsed: |273.23 wall Time: [1446614131.12 | wWall Elapsed: |293.85 | Experimental

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 18 fps

B 1-18 RViz FIIFHKERLE

4) FLE(Views)t=
TEA R AR FEAS R SRR ML, an B 1-19 Fos, TARAEAS [ 1 75 SR SEBL G ML gs N2

FEEMEE
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M Views x|
Type: Orbit (rviz) :)|. Zero

-

" Current View  Orbit (rviz)

Near Clip... 0.01 FPS {i} _

Target Fra... <Fixed Frame> ' Orbit (rviz)

Distance 0.226626 ;
Yaw 41754 TopDownOrtho (rviz)
Pitch 0.330399 XYOrbit {le}

» Focal Point -0.37518; 0.0256...

Fixed (rviz_fixed view_ controller)
B 1-19 RViz fGRLER

IXECEFAGHLAR 75 2215 B H AR AL bR R A N (Target Frame), LA ASHALFR R, ANEBRGHLAT
PLEAT AR B B R SEIE, RSB IER DLH RSB G, o] DS ER 1S5 E
PR E . ARHE RViz 2 HI—28/) bug FEERARHLAENS 405 B8 55 AR PR S5 Rz, X i nl DL
BB (i’ 1-19 1) Distance) # ] 21 1F 5 #E 25 .

fEfEM RViz FC B f5, ] PATESE 2 1% £ File->Save Config TR 7 ERINE, WAl LLAAEN
(Save Config As)—fn CEUUE*rviz JF) , PAETERS) RViz B, 0T a2 n#k:

| $ rosrun rviz rviz -d <X fF:44>

(1) #IBEHEHL(Orbital Camera): rviz FIEIARCE . A —ME fiF5id Target Frame 147 &,

FERE I FAGHUA G L, RN SR 8, G HURE AL EAE . MBI GILN, &
RERAN—ANDNEE, WE 1-20 B,

e

B 1-20 3D BREOFRMA

PIE SRR T 208

PR TR, SEELSRAIL R e
MR S IFE, SEOLR TR
bR AT el I PRSI AR B OR 4 /S
BRAR R HE s SEEUS AL R FRITBOR 4 /N

(2) H— ANFRIEAEHL(FPS, First-Person):

SRR A S T PR RN T ] 2SR T 08
MR B S I I SE B S R e

34



'k TRART]  mieonr Adlssa Sawyer JF R 45

BB R IR, SEOUE BB ALIA b/ R A T T T YT RR
MR AT B I P SE B R AR L AT 17 1 B A2 B

BARRES: WEl/EREE)

(3) T H IERZ 1%L (Top-down Orthographic)

AN A BENTE Z BILEs NAFR R T E, BRI BEE BIHLa A Bl . #6007 X0y
PR B T IR SEILGE Z B ey

bR PR IR, SREE XY P AP RS

bR A B s R HE T S R IR TBOR

BURIRES: HOKER

(4) “FHIETRGHLXY Orbit)
B SAZHLIL, EAE AR [ e 78 XY P b

(5) [ R (Fixed)
[i4] %€ 7F. Target Frame -, ANn]#3).

(6) ZANi(Reset)itt
SRS N B AL, A B B R PRES . 1358 AT AR 48 75 22 7E Panels SEER A0/
FHEEE T, WE 121 Prs.

File Panels Help

~ 2

v Displays
Selection
Tool Properties
v Views

d o L o
Normal Cell Count 0

" TE 121 Panels
1.5.1.3 RViz {5 E L)
TR A I TR A 280 B 38 A RIS, 4 Rz W
RViz PHITLE N, 2 ERERI S 418 Rviz M7k ABIEFIAO 05 AL ArbotiX.

1) QTR

$ source ~/catkin_workspace/devel/setup.bash
$ cd ~/catkin_workspace/src

$ catkin_create pkg my_robot sim rospy
$cd..

$ catkin_make

2) AR
£ my _robot_sim DJAe A H O — N4 A urdf BISCHEE, BT AETBONL B AR S04

(1) FE&EH
FE urdf SCAFH, B4 08 my_robot_body.xacro 3. ZSCHFRIN AT -

1 <?xml version="1.0"?>
2  <robot>
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(O IS SN O8]

[cBEN o)

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

50
51
52
53
54
55

56

<l--predefined variables-->

<property name="joint_damping" value="0.1" />
<property name="

'joint_friction" value="0.0" />

<!--robot links-->
<link name="world"/>
<link name="base_link">
<inertial>
<mass value="1.0" />
<inertia ixx="1.0" ixy="0.0" ixz="0.0" iyy="1.0" iyz="0.0" izz="1.0"/>
</inertial>
<visual>
<geometry>
<box size="0.07 0.05 0.2"/>
</geometry>
<origin rpy="0 0 0" xyz="0 0 0.1"/>
<material name="bule">
<color rgba="0 0 0.8 1"/>
</material>
</visual>
<collision>
<geometry>
<box size="0.07 0.05 0.2" />
</geometry>
<origin rpy="0 0 0" xyz="0 0 0.1"/>
</collision>
</link>
<link name="second _link">
<inertial>
<mass value="1.0" />
<inertia ixx="1.0" ixy="0.0" ixz="0.0" iyy="1.0" iyz="0.0" izz="1.0"/>
</inertial>
<visual>
<geometry>
<box size="0.07 0.05 0.3"/>
</geometry>
<origin rpy="0 0 0" xyz="0 0.025 0.11"/>
<material name="green">
<color rgha="010 1"/>
</material>
</visual>
<collision>
<geometry>
<box size="0.07 0.05 0.3" />
</geometry>
<origin rpy="0 0 0" xyz="0 0.025 0.11"/>
</collision>
</link>

<l--robot joints-->
<joint name="myrobot_jointl" type="fixed">
<parent link="world"/>
<child link="base_link"/>
<origin rpy="0 0 0" xyz="0.0 0.0 0.0"/>
</joint>

<joint name="myrobot joint2" type="continuous">
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57 <axis xyz="010"/>
58 <parent link="base link"/>
59 <child link="second link"/>
60 <origin rpy="0 0.5 0" xyz="0 0.025 0.15"/>
61 <limit effort="1000" velocity="1000"/>
62 <joint_properties damping="$ {joint damping}" friction="8$ {joint friction}"/>
63 </joint>
64</robot>
AR

HLES NSO LA FETUE 3 BT (<link>). K (oint>).

<link>FE ST ML N A SRR, Horp name & <link> 351, oA & 1] DURR 42 55 2k
ITIRFE, <collision>JFEAR AT PA S <visual> AN [F], H<visual>HIFEARIR B 240F, <collision>K FH &
B R PR AT DA v A 0 6] S s

TR, AE xacro S urdf ST BLIAREAR T30, BIMEZ T OCERE . xacro ENTEE H BT A AE
XFFE A AE ASCH W R SCF . — H xacro.py AT S, Z2iafr UL Fan S B E G B

| $ rosrun xacro xacro.py <3Cf H /304 44> |

<joint>f{I{E H 2 HLEF N FI B ERAFE SRR .

() EXH
T SCPERIAE R R 2 LA N R SO A AR AR 4 2 B — A SE B LA AR

1E urdf XA, ¥rEE 4 N my roboturdf.xacro 3. Z IR LR

<?xml version="1.0"?>

<robot name="myrobot"
xmlns:xi="http://www.w3.0rg/2001/XInclude"
xmlns:gazebo="http://playerstage.sourceforge.net/gazebo/xmlschema/#gz"
xmlns:model="http://playerstage.sourceforge.net/gazebo/xmlschema/#model"
xmlns:sensor="http://playerstage.sourceforge.net/gazebo/xmlschema/#sensor"
xmlns:body="http://playerstage.sourceforge.net/gazebo/xmlschema/#body"
xmlns:geom="http://playerstage.sourceforge.net/gazebo/xmlschema/#geom"
xmlns:joint="http://playerstage.sourceforge.net/gazebo/xmlschema/#joint"
xmlns:controller="http://playerstage.sourceforge.net/gazebo/xmlschema/#controller"
xmlns:interface="http://playerstage.sourceforge.net/gazebo/xmlschema/#interface"
xmlns:rendering="http://playerstage.sourceforge.net/gazebo/xmlschema/#rendering"
xmlns:renderable="http://playerstage.sourceforge.net/gazebo/xmlschema/#renderable"
xmlns:physics="http://playerstage.sourceforge.net/gazebo/xmlschema/#physics"
xmlns:xacro="http://ros.org/wiki/xacro">

<xacro:include filename="$(find my_robot_test)/urdf/myrobot.transmissions. xacro" />
</robot>

3) £J# launch X4
fE my robot sim Ij A B # € & — 4> launch X 3%, EHFHE - NL N
my _robot rviz.launch 304, PR :

1<launch>

2 <param name="/use_sim_time" value="false" />

3 <!-- Load the URDF/Xacro model of our robot -->

4 <arg name="urdf file" default="$(find xacro)/xacro.py '$(find my_robot _test)/urdf/
my_robot.urdf.xacro" />
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5 <param name="robot_description" command="$(arg urdf file)" />

6 <arg name="gui" default="false" />

7 <param name="use_gui" value="$(arg gui)"/>

8 <node name="arbotix" pkg="arbotix python" type="arbotix driver" output="screen">

9 <rosparam file="$(find my_robot_test)/config/myrobot_arbotix.yaml"
command="load"/>

10 <param name="sim" value="true"/>
11 </node>
12 <node name="joint_state publisher" pkg="joint_state publisher"
type="joint_state publisher">
13 <param name="use_gui" value="$(arg gui)"/>
14 </node>
15 <node name="robot _state publisher" pkg="robot state publisher" type="state publisher">
16 <param name="publish_frequency" type="double" value="20.0" />
17 </node>
18 <node name="rviz" pkg="rviz" type="rviz" />
19</launch>
@) MRk
FE LS HIZAT R I A2

| $ roslaunch my robot sim my robot rviz.launch

BATEE R 1-22 iR

e

Joint State Publisher

imyrobot_joint2

® Joint State Publisher
Imyrobot_joint2

& 1-22 RvViz K15 EBR

1.5.2 Gazebo fiE T B

1.5.2.1 Gazebo fF FH 5 E

Gazebo 5 ROS HH IR FOAE, WIRNLE N LSS AR 2 MBIt B 1-23 /2K
H Gazebo #EATHLA AT H AR K. 1E Indigo T, Gazebo HINAN 2.x, HHT ros Jade 15 F
HI & Gazebo 5.x -

Gazebo H'E M HFLELE http://gazebosim.org/tutorials/
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»$+ORO8 |*%2 @

B 1-23 Gazebo HIFERE

Kl 1-23 [FIFEAEH T turtlebot gazebo, 21T %%% turtlebot R, T4

| $ roslaunch turtlebot_gazebo turtlebot world.launch

MEI AL i Gazebo B 1= EALFE LT JLE 7

1) TE=
gazebo M L EFUWIE 1-24 fis:

“$+OL 008 | *%2 @

1-24 Gazebo KT B~

(1) B
PSR IDEIE S 7 SRS (LR, RN FOGI . ORI, AT, 407 SR
BRI, W LIS, M 1-25 Fi

A 1-25 7£ Gazebo {HEIFEHRINGLR

o X

IIARHERERL . KO BAER. 2K,
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w 0L
3)
FERT =N EIbR R I,  RHS AT AU 22 () F BEANL B, o vy b 22 B - P SE R R A 1)
A iy B B R P SE B GR AL R ER s h SRR A B TR HE AR S B R AT A TBOR 5

SRR TR 8 T DS IO A R AR TSR B 7~ muifﬂﬁ$4\%ﬁ§ﬂ'ﬂ%iﬂ, HfUifJﬁ!Xﬁﬁ/l\
Wi iess . B AT DLGERAIR I RN . 26 TR . RSSO T S e b H AR R (R
feidi), WK 3.14 Fros. AH () Gazebo X T W44 AN SCREFTER AR (48 T80 457 22 il Af i &
ZRMINLAR ALY, FTTF Gazebo [#12% 32 i i ”Scaling is currently limited to simple shapes. /)% &

.
=S

“ 0. Wi NP E S A EA S BoRE R RAFALE

1-26 &+ Biryik

2) World #%
A 2 ) “World”FR%s, 7] LAE R0 1-27 Fros i A . 1% 500 £ % B oR Gazebo 1/ 53
BRI EIEOL, BHE 5 (Scene). YEESH(Physics). BA!(Models). Y64k (Lights).

World Insert

Wwaorld Insert

/home/horisun/.gazebo/mo...
Asphalt Plane

: Ball Bearing
ground plane 0 =

base footprint
wheel left link
wheel_right_link

wheel_left_joint

vheel_right_joint Cabinet
unit_box_1 Cafe
Property value Cafe table
name Camera
is_static Cart: front steering
pose Carkt: rigid suspension
link Cart: soft suspension
link Cinder Blo
link Cinder Blo
( = dll
& 1-27 Gazebo Hf{1“World” 154 A 1-28 “Insert”$r%
3) Insert =

rili gazebo A2 M “Insert” kRS, NP 1-28 AR, Z St HIIRML O A R ALFI%R, W LA (8
TR G BRI 82 24 R AR . 4 40 ot Insert A2 70 () PR2 1T DA T 47 E A HH 3 I PR2
HLas IR, i 129 fion. EEH% 5 )5, H File->Save World f£47 41135, {REMRK R
A SDF.
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B 1-29 %0 PR2 HlLEgA

4) SRR
Gazebo & L HISEEF404E File. Edit. View. Window. Help. %7 Ubuntu ZZiEIA T E
FEP 8 O RS BARE AL T B T, 4 AR T Bt B3 B b s /e b A mT A 3.

Edit 3% #.f045 Reset Model Poses. Reset World. Building Editor.

(2) View EHWIE 1-30 fiizx, Al A&E A EAEAH Collisions. Contacts. Joints %515 5., Kl
1-31 B RRMLA NS A KT AL PR & .

View Win

L4 {:I.rl I:j

Transparent

wireframe

Collisions

Joinks

Center o Inertia

Contacks

Orbit View Control

B 1-30 View SEE&
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Waerdl 1Y IR

1-31 BRKRTBIRR

(3) Window 3% H.£345 Topic Visualization Al Log Data I .

1.5.2.2 Gazebo 15 EtEHY

1) B REA

BT S BNl NI A (@3 7. Gazebo H ML #8 AFRALIE 75 A Inac (s B AR
i, 4.

<gazebo reference="base link">
<material>Gazebo/Blue</material>
</gazebo>

2) BB/ AKTTHIRER
<transmission> J& X AL &% A B AL R 1§, M RRIBR KB & MK TR R . 1E
my robot sim/urdf SCA 3 HE i SCAF my robot.transmissions.xacro, SN AU

1 <?xml version="1.0"?>

2 <robot>

3 <transmission name="myrobot_ trans" type="pr2 mechanism model/SimpleTransmission">
4 <joint name="myrobot joint2"/>

5  <actuator name="myrobot motor"/>

6  <mechanicalReduction>1</mechanicalReduction>

7  <motorTorqueConstant>1</motorTorqueConstant>

8  </transmission>

9 </robot>

N T Fi<transmission>Ws I BN HL a5 AR, 75 Z7E my_robot.urdf.xacro SCAFHER an 1
IMEE

<xacro:include filename="$(find my_robot _test)/urdf/my robot.transmissions.xacro" />

3) BT ESE
f£ my_robot_sim 3 fff & il @ — 4> 44 4 gazebo W LK, FFE N — DA N
my_robot_gazebo.world FI 1, AN AT

4
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1 <?xml version="1.0"?7>
2 <gazebo version="1.0">
3 <world name="default">

4

0 3 O\

O

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
45
46
47
48
49
50
51
52
53
54
55
56
57
58

<scene>
<ambient rgba="0.5 0.5 0.5 1"/>
<background rgba="0.5 0.5 0.5 1"/>
<shadows enabled="false"/>
<grid enabled="true"/>
</scene>
<physics type="ode" update rate="1000">
<gravity xyz="0 0 -9.8"/>
<ode>
<solver type="quick" min_step size="0.001" iters="10" sor="1.3"/>
<constraints ¢cfm="0.0" erp="0.1" contact max_correcting_vel="10.0"
contact_surface layer="0.001"/>
</ode>
</physics>
<!-- Ground Plane -->
<model name="gplane" static="true">
<origin pose="0 0000 0"/>
<link name="body">
<collision name="gplane coll" laser retro="2000.0">
<geometry>
<plane normal="0 0 1"/>
</geometry>
<surface>
<contact>
<ode kp="1000000.0" kd="1"/>
</contact>
</surface>
</collision>
<visual name="gplane vis" cast shadows="false">
<geometry>
<plane normal="0 0 1"/>
</geometry>
<material script="Gazebo/Grey"/>
</visual>
</link>
</model>
<model name="object]1">
<origin pose="0.300.1 00 0"/>
<link name="body1">
<inertial mass="1">
<inertia ixx="1" ixy="0" ixz="0" iyy="1" iyz="0" izz="1"/>
</inertial>
<collision name="body1 Surface">
<geometry>
<cylinder length="0.2" radius="0.1"/>
</geometry>
<surface>
<friction>
<ode>
<mu>0.799000</mu>
<mu2>0.799000</mu2>
<fdir1>0.000000 0.000000 0.000000</fdir1>
<slip1>0.000000</slip1>
<slip2>0.000000</slip2>
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59 </ode>

60 </friction>

61 <bounce>

62 <restitution_coefficient>0.000000</restitution_coefficient>
63 <threshold>100000.000000</threshold>
64 </bounce>

65 <contact>

66 <ode>

67 <soft cfm>0.000000</soft cfm>

68 <soft_erp>0.200000</soft_erp>

69 <kp>100000.000000</kp>

70 <kd>1.000000</kd>

71 <max_vel>100.000000</max_vel>
72 <min_depth>0.001000</min_depth>
73 </ode>

74 </contact>

75 </surface>

76 </collision>

77 <visual name="bodyl Visual">

78 <geometry>

79 <cylinder length="0.2" radius="0.1"/>

80 </geometry>

81 <material>

82 <script>Gazebo/Rocky</script>

83 </material>

84 </visual>

85 </link>

86 </model>

87 <light name="my light" type="directional" cast shadows="false">
88 <origin pose="0 03000 0"/>

89 <diffuse rgba="9 .9 9 1"/>

90 <specular rgba=".1 .1 .1 1"/>

91 <attenuation range="20"/>

92 <direction xyz="0 0 1"/>

93 </light>
94 <light name="point_white' type="point' cast shadows='0">

95 <origin pose='-2.000000 -2.000000 5.000000 0.000000 -0.000000 0.000000"/>

96 <diffuse rgba='0.500000 0.500000 0.500000 1.000000'/>

97 <specular rgba='0.100000 0.100000 0.100000 1.000000'/>

98 <attenuation range='10.000000' linear='0.100000' constant='0.200000'
quadratic='0.000000'/>

99 <direction xyz="'0.000000 0.000000 -1.000000'/>

100 </light>
101 </world>
102 </gazebo>

RIS ffE R -

4-9 17: WESHININE.

10-17 47 BCEW P51 B R &

19-86 17: QUM HARRL(WLE N AR 5P R,

87-100 17: BLE 1 HAE HHOEIE .
1.5.2.3 Gazebo 1 E.5L5

7E my_robot_sim/launch SCAF3& R II— > launch S ff: my robot gazebo.launch, 1% 3CHFH
AT
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1 <launch>

2 <!--load world -->

3 <node name="gazebo" pkg="gazebo" type="gazebo" args="$(find my robot sim)/gazebo
/my_robot gazebo.world " output="screen" respawn="false" />

<!-- load robot -->

<param name="/use_sim_time" value="true"/>
<param name="robot_description" command="8$(find xacro)/xacro.py '$(find my robot sim)
/urdf/my_robot.urdf.xacro" />

8  <node name="spawn_myrobot" pkg="gazebo" type="spawn_model" args="-urdf —param

robot_description -model myrobot -paused=true" respawn="false" output="screen" />

~N O D B

9

10  <!-- start gui -->

11  <node name="gazebo gui" pkg="gazebo" type="gui" respawn="false" output="screen" />
12 </launch>

RIGFERE:
5 3,4 17 In%% world SCPF#) gazebo H, e B A EIABE,
B 7-9 1T LA AN S gazebo H1s

EZi 1247 my_robot gazebo.launch, iy A:

| $ roslaunch my _robot sim my_robot gazebo.launch

BATEE R 1-32 Fios. niRyLgs NEE N, &817:

$ rosrun gazebo ros spawn_model -urdf -param robot_description -model myrobot -paused=true

“H O BO8 | =%Z | @

» Ml steps: 1, Real Time Factor:

& 1-32 Gazebo fiE

WAL J5 8 Gazebo I CA$H Ctrl+C &5 W FEST, A B2 I H 3 FE gzserver F gzclient JE
FEE GRS, BN — IR ELER . AT IXFIENL, (AT a2kt

2

$ killall -9 gzserver
$ killall -9 gzclient

45



'2 TRART]  mieonr Adlssa Sawyer JF R 341

BT —E Movelt BBIFHXI

2.1 Movelt ¥4 %
2.1.1 REHEE

ROS Param Server

58| £
4K o
=1 k1 I
User Interface
| | —
i [move_group_interface| ! MoveGroupAction . E
: [ (C++) ] PickAction JointTrajectoryAction -‘E <
i : PlaceAction & g
! : U
! (moveit_commander )| i__Get CartesianPath Service o —
; (Python) ; Get IK Service = i
: : Get FK Service (0] &
H h i i (%]
! i, Get Plan Validity Service & Rotee Cloud Jopic .§ 5
: ; Plan Path Service bﬁ z?
! i i ; (4]
Ul {hve Pugin) : Execute Path Service g )
: ¢ Get Planning Scene Service o)
: £ g
{1 Other Interfaces | | AttachedObiject Joint States Topic | §
e Colli.sionObEect. - Robot E
PlanningSceneDiff —— e K
) Publisher

B 2-1 RGEHE

1) move group T &
FERE—ANEERMRGZME, move group 1 EAEA—NEMTT A, IEIINEAF 146

PESE DL B AE R RE -

2) Ap#&D
F o] Lk = Fh 75 20F move group &2 H., C++. Python & Ftifi

3) BEE
move_group {24 ROS 5 SR EL & MALE S804 e TAE, XESHHE.

URDF-move group 3-#k robot_description PAFRIFHL 25 AT ;

SRDF-move group i i 54K robot semantic description SR 1ML 345 N iz shE, Al £ A4
ISR A E

Moveit it &-Moveit 181 ZHUR S5 SR8 N MRS, Ba)ieiih, B, /&
HESH, XU B SCHBRIAL T Moveit it & £ config HX T .

2.1.2 HLBAEDO
move _group JHIT topic, action FIALEE AL H., E i ESRBMLER NS EPRSE R, sk

TLE, SIS MRS EEE, tha rilas NRsshizflas KIEIEIR L .

D XFREER
move_group HUT joint_states LIRBCYFTHLAS AHPRASE R, Hean Bt R80T A

move_group HJ LA R B 5 W 22 AN & A B topic IR AT &%, AT REREAN AR 2% H R A HLAR A5
TRATIE R

2) AR REfE R

move_group 8L ROS F1 TF FEIRIFHLAF N AR S H(E B . H5 1t move_group 1J LAZRAFHL
WMANST LA R Moveit AW TF, FERIE robot_state_publisher &b T 18474K 4 .
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3) BHlSED

move_group it FollowJointTrajectoryAction £z I AIHL#S A Hil#8 AT H, BITIENLARA
[ action server $2fEEE T, move group A S AIRAEIHEE T . move group JE BN 2 HTIHM—
A action client FIHL#F A\ _Ef¥] action server #E1T I8 .

4) ARG

move_group fifl KIS SIS ER4E 57 — LRI 55, EADCGRZS AT EORES, Bas
LN ARTHPRSE R . HLas NHPIRESE B RARHLE A a0 7 amik, XEeyikpil
AR N — DK, R S AN X LT RE

5) Al RS

move group # I THAIRE ST &, BATIEE, AN pick place, 183)%, &Rk E
e LA IR AL, X Sedi R — AN SR S fE ] DUE S — R A1/ ROS S350 S A 2 it
ITHCE . 4030 P A EECE move group #difE, TATIE S 7E launch XA+ E HINCE -

2.1.3 iaFhFLK

1) BEFRIHEH

Movelt 3G O FIZ S R 822 B, X Movelt 1R 5 A FIZER Rt kil 2%, £
ZHEEY RN, FEshk 38 B iR 028 ros action BY service SZILHT, ERIAKIIRI S5 2
OMPL,

2) BFFRIER

EEIENE R T P AR R SS feA4, teanid, P AT BLE SRR 255 ML 2
BEIARFMAE FERTEREE R/RAEED « BASHATREEATIIRE (& B SaHEaI) .
] DR — R I B R s AT 25 Bl as A ARSI AL, B L2 N Sl — MR,
XFHE s RIS, ez iRE et 2, W] DS BH— @ s 4R %4, Movelt $24E1 A
B LA RSB AR, A

r B 2 R - AT B 20 SRR AR X35k P 5

T LR -LIHEFF ) roll, pitch, yaw 2585 e ;

RTARAE L BR -2 A AT [ — A 504 T4 s A5 B s (AR HE VG L A

AL B SR NS SUNIE

FA P A BARILR-H - B e R HAR LR

3) EBEPMRER

1B BRI 2 A BT RIS SR F e s, 1z e LkALER N2 sl Blig e i B . IE
BIMJE, B move group F=AEMIFLE AU ZE — 2412, move group 2 R4 8 & RIS & PR i
AR JE ST AR I

4) BHMRITE
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T @)
w L w C
g o g2
g = &8
MotionPlanRequest g E —_— . 8 £ [ MotionPlanResponse
() g5 = 4] (C++)
& | g
b = e
5 | O 3
-l 8 g
GAN E AN S

& 2-2 BEIMRITERE

FEIERIR T s s R AR SROE BC AR ) R G AR o U KOG T A% AT DARERE R Rt
ATPRACEE, B my DU BRI BL3EAT J5 AR B . PUAL PRAE A LB DL R RA HI Y, EeinpLes A
PR ok T R MR A Le R (R i 7R ER AL BE, R Ande ] ) R AR e AR 3 T
[ ZH L . Movelt $24E 1 — R FU KRG Bl as H 58 e — 245 E g«

PSR SEBCER: B AL NIRRT 5 IR B VE B 2 A . BEAm = iLas A i
RATIRABEABCEL, HLER A — DB AR ST R,  RI IZ SR R Toiksk g . it
EAC A T DL W ELAE R T A IR Y, PRI R AR R IER 5%, tln, Kot
LT R EAGE B REIRZ . A —DSHAT LR E i B S TR H A 2 D, AR &S
WIATBE R

TAEREERRS: FUIALE A TIET, B 10mx 10m x 10m {3277 4200, 1T,
{2 ] SRR o A 2 B 1 759

PIRRSHEEAC A : MG R & THLE AR IR A TREHE Py, AL ARIRIIRIRES
AbFREfERy, ATRAE jiggle factor ZHUiEHLas AWIIRARSHATRUNE S, 53— DS HT LA
FFE TR T Z T I BE LIRS IR HL

PSR SBRELARERC SR HENC & TV RSN EIERALR, BRIk —%0
NS B L B L R B AR AT . BT IO BR AT 9 R AT A6 RS

BRI SHA: BaRIEET R - Asshye BB, XMERAR AT G AN
ZOTR o T PE A5 AR S AT T 58 (19 240 SO Rl PR B AR AT I ) 2 e

5) OMPL

OMPL (Open Motion Planning Library) & — MRS SR E, FESCI 7 —LefE LA
R . Movelt HFEESER T OMPL FHH E/EAEINIE ) RIZE . OMPL H R # 2 R
0, ERAVE NS Movelt ¥ EBE NG, ML NN E,
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2.1.4 MRIFHR

User Interface

T
E : (5)
i (move_group_interface 2 £
: J(Cf:) : é | Point Cloud Topic |8 2
H ' [ Q
(o] 9 Depth Image Topic uot 8
f i AttachedObject = £ m
E moveit_commander E CollisionObi o
: ject N
{Pythoo) PlanningSceneDiff 3 .§ ©
: ' Q c (]
i i c |2 Joint States Topic é
i ! 9 T | | e—— 3
i | GUI (Rviz Plugin) | ! v (5| | 1p[ Robot ‘ )
g ; 80 \%) k= State °
= Publisher
I et st .. | Monitored Planning Scene S E &
Ly vl " ——— [*]
Other Interfaces (Optionally Published) o gﬂ £
o i o B
; s
{ z
I. _______________________________
& 2-3 MR RE

R 5 TR omplas AT AL 3n s R Algs N H SR, BEH move group W7 I
MLasgEdr g B, b5 A T

RAMEE; joint states topic

RIS B A TR i |) ) LA A

ZRJUIER: REBTHARA

22 6] JLfRT B AR 2%
28] JUART M PR A5 AR AL 2% A b A B s A - i NS u&iiﬂ%&/\ﬂ ] 18 22 1) ) LAPT A
7, e H N [ occupancy map monitor ZESALES A BT EE 0 Z 4R, HiE 1 planning_scene
FEF LA,

2) =4

Movelt Y =4EJE&%1 /& FH occupancy map monitor ZbFEFY), occupancy map monitor 1 F 4
PRI AL BEAS [F S AL AL SRR 2504 . Movelt BRI SCREP AR i -

Miz: H point cloud occupancy map fiffAbEE;

RIEEIME: B depth image occupancy map fifAbEE,

SIS NV NE RRR/IIE L G
l,J.S.se.r.!nt.E..r.f@.C.e. ...............
| ? ——
= b O
™ 82 (32
: i = ocxe
i i €= |0 &R _Point CloudTopic | ¢
: - : O[§ (238> 9
| 5 Th (239 3
\Eythor) i CollisionObiject t g = Q
: ] ol — o
H o [ L (e}
: EIS |»28 -
. . ' c
GUI (Rviz Plugin) i PlanningSceneDiff 8 E ag,_ Depth Image Topic G
e (g8
ke a0f
--------------------------- B \. vy
Other Interfaces ; &
........................... 8 &
83
s |

& 2-4 =4KAE
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2.1.5 B3 %R -SRI

1) B3 ES

Movelt &5 RARE G FREEALEL, T LALF /[ OS8R k. B3l 2 K f
I LA FRAE RobotState 287F, BRI K130 38 527 SR ARIE 1 4 3 Tk 0 b PR SO SR o . B0 AR
EHM AN C2ESRE LT T .

2) IKFast
WH, RO E CHIZEI kS, i PR2 BA H CHZEh ¥R Eee . — AN H
Mok RAF FH IKFast #7724 5 SN N8B RS 1) C++R1g .

3) Rt
Movelt A4S I 3 BESE B AE planning scene [#) CollisionWorld A, ERINAENL N H - AN
RO ATIN . Movelt (194G Th GE & @it FCL SEPL.

4) REEYIE

Movelt SCHFJURPANFERB YA, B4E:

1. A% s

2IEATAR, EemmE Bk, B, S5

3.0ctomap, Octomap XJ G IR AT DL B # H Tl 4 far il .

5) FCL
FCL (Flexible Collision Library) & Movelt AT F [ 32 2 {1 flf FEAS I 2

6) REFEEFEFE (ACM)

lf 1A 00 A — TR 3% B PR JR AT 45, B T 183 LRI 90% A 4 KT E T . ACM
I Rk g AD R B T R AT REEEAS I AN, fE ACM R WRBEANIERIME N 1, FoR
XFAYARIAS TR AT REREAG I, 7T A R X B AN B8 AR AN v RE R A il

2.1.6 HikkbHE

Fk2ha s R R AR, IR A EL SIS S S . Movelt WAFLEALEE T %, LA
FR A e KA R S RN B PR R |, 4 AR A AR 0 N TR R B . SR PR i )45 B AE
joint_linits.yaml " BH

2.2 Movelt

2.2.1 BEE Sawyer BEIFLLIE

Movelt $#&4t T —/NEME S, 0] Do i B % 5t i i B L3 A issh s, LR
Movelt 2 .. ‘B EZMIIRERL NNLEE N4 K — SRDF (Semantic Robot Description Format)
X FAh, EWSARGE N A A, 8N B AL E U — R A launch SO
BATE LA Sawyer A, 2% 2] a0 ic B iz sh R4 .

D BIREHF

| $ roslaunch moveit_setup assistant setup_assistant.launch

WEBT BB ERAN LD, BE AR Movelt A HTH Movelt . X HEATER
HALHTIY Movelt .

ST B KA IS 2 0 2 URDF SCAF, & Sawyer ) URDF LA B fE B 12, L
Ul../sawyer_description/urdf/sawyer.urdf, #AJ5 s Load Files %40 N#
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Movelt Setup Assistant

Movelt Setup Assistant

Welcome to the Movelt Setup Assistant! These tools will assist you in creating a Movelt configuration package that is
required to run Movelt. This includes generating a Semantic Robot Description Format (SRDF) file, kinematics
configuration file and OMPL planning configuration file. It also involves creating launch Files for move groups, OMPL
planner, planning contexts and the planning warehouse.

SMovdt!

Choose mode:

All settings for Movelt are stored in a Moveit configuration
narkane Hare wnii haue tha antinn b rreata a newr

Create New Movelt Edit Existing Movelt
|__ configuration Package | | Confiquration Package

Load a URDF or COLLADA Robot Model

Specify the location of an existing Universal Robot Description
Format or COLLADA file For your robot. The robot model will be

e e e e

sas ROS

eee Mov_slr! Setup
awyer robot/sawyer description/urdf/sawyer.urdf| Browse Apsistant

Load Files

& 2-5 B FHHERIE
NI G2 Tor Sawyer [ = 4ERR A

Movelt Setup Assistant

Start Movelt Setup Assistant
Welcome to the Movelt Setup Assistant! These tools will assist you in creating a Movelt
Self-Collisions configuration package that is required to run Movelt. This includes generating a

Semantic Robot Description Format (SRDF) file, kinematics configuration file and OMPL
planning configuration file. It also involves creating launch files for move groups, OMPL
planner, planning contexts and the planning warehouse.

planning Groups } Movdt!

Robot Poses

Virtual Joints

Choose mode:
End Effectors

Passive Joints

Author Information

Configuration Files

Bl 2-6 Sawyer =ZEHR

2)4: B B A RE R

N T BEARRE AT I OT 4, T DATISE AL L s AASRRERT Z [ R G R, — AR KA
B4R PR SZE AT P DAAA P RE AN o I S g . MASRIESRE A AT R T 2 T il A 0 e o 2
WU o SRAEE LR B T LA N BEHL B PR FRAS I ) SR R, B i A8 R 7 B (K7 B
8], (HAESEAF A4S LIRS I 45 R . BROARIRERAEE 10000 U0, LA II2 IF47 /1

1 Self Collisions MR, EFEKFEEE, i Generate Collision Matrix, 54§ JL T,
DU AT DA AR s Al 28 00 R B

51



'k TRART]  mieonr Adlssa Sawyer JF R 45

Movelt Setup Assistant

start Optimize Self-Collision Checking
3 . . Thie Deefault Self-Collsion Mabrix Generator will search For pairs of links on the robot
Self-cellisions that can safely be disabled from collision checking, decreasing mation planning

processing time, These pairs of links are disabled when they sre abways in collision,
never in collision, in collision in the robot’s default posithon or when the links ane
adjacent to each other on the kinematic chain, Sampling density specifies how many
random robot poditiont to check For self eollision. Higher densities requisne mode

Wirtual Joints

Planning Groups computation time.
Robot Prses Sampling Density: Low == High 10000
End Effectors tin collisions for “abways™-colliding pairs: | 95% . Generate Coflidion Matrix
Passive Jainks Lirik & ¥ Link & Dizabled  =agom bo Disak
1 controller_box head = Hever in Co...
Author infenmat 4 -
ot 2 controdler_box pedestal = Adjecent Li...
Configueation Files 3 controfler_box pedestal_Feet [} Adjstent Li...
i controller bax right_arm b_., & Adjacent Li...
5 controfler_box right_|d ) Mever inCo,.
& contioller_box right_l1 = HeverinCo...
show enabled pairs @ linear view Malng View Rewedt

B 2-7 A pAE R R

3) BRI

REMR TR AHLEF AAEE o6 2, e 3l G IALER N, AT LAMEMLIIZS), Ak
T2 (8] ] LA — AP SRR R B AR T . Sawyer FRELSTT AT LA E N €, BidiAhesy,
AEXT Sawyer P AESE BN, X I T — MFEEEM KT .

Movelt Sekup Assistant

Start Virtual Joints
Deeffine a virtwal joint between a robot link and an external frame of reference
Seil-Collisions [considered Mxed with réespect to the robat).
m Vietual Jeint Hame Child Link Parent Frame Type
1 workd base world fixed
Planding Graups
Robaot Poses
End Effectors

Passive Joints

Algthor infarmation

Configuration Files

Edat Selected | Delebe Selected | | Add Vietual Soint

B 2-8 WIS ERT

4) REEEIHMA

BB RN A S BRI ) 7 2 B IE shBE, rTRLR — 46T, thn] DARCE D9 ML
B — NEFT B — NERT, AT RO — 2RI . BB 4 B — R R U
FARLRI RN, g R AR BB B oK g as . FIRImEa] . B s

FATH Sawyer WHE T —MFKIZH, right arm.
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Movelt Setup Assistant

Start

Self-Collisions

Virtual Joints

Planning Groups

Robot Poses

End Effectors

Passive Joinks

Author Information

Configuration Files

Movelt Setup Assistant

Planning Groups

Create and edit planning groups for your robot based on joint collections, link
collections, kinematic chains and subgroups.

Edit 'right_arm' Kinematic Chain

Robot Links ~
¥ base
controller_box
pedestal_feet
pedestal
¥ right_arm_base link
¥ right_lo
¥ head
screen
head camera
¥ right_l1
¥ right_2
¥ right_I3
¥ right_l4
right_arm_itb
¥ right_I5
right_hand_camera
¥ right_l6
¥ right_hand
¥ right_gripper_base
right_gripper
right_wrist
right_torso_itb
torso

Base Link |base Choose Selected

Tip Link |right_hand Choose Selected

Expand All Collapse All Save _ Cancel

& 2-9 ¥ & right_arm MXIEBEE 1

Planning Groups

Create and edit planning groups For your robot based on joint collections, link
collections, kinematic chains and subgroups.

Current Groups
v right_arm
Joints
Links
v Chain
base -> right_hand
Subgroups

Expand All Collapse All Delete Selected | | Edit Selected | | Add Group

& 2-10 #%E right_arm ARNEBE 2

5) & XHABANEE
A LS AT 58 B2, D7 s st MM, teanoh Sawyer (T i B %
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S bne
TR LA .
Robot Poses
Create poses for the robot. Poses are defined as sets of joint values For particular
planning groups. This is useful for things like folded arms.
Pose Name:
zero_pose gl S
7 e = | 0.000
Planning Group:
right_arm = right_j1
0.000
Robot in Collision State
right_j2
——- | 0.000
right_j3
0.000
right_j4
rT——— -0.01
right_j5
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 0.000
right_j6
—— = | 0.000
Save Cancel

A 2-11 HEXRTEREES

6) A A E U

Sawyer Hl#s NE&A #EBICT, FIRATEEAE s RIEC B S0 IR B R TAEZS ), A
R R 45, — M robotname_moveit_config it Generate Package Bl R NEATHINLAS N4
B FR 5 B E AN A Bl 0
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) Movelt Setup Assistant

Start Generate Configuration Files
Create or update the configuration files package needed to run your robot with Movelt.
self-Collisions Uncheck Files to disable them from being generated - this is useful if you have made
custom changes to them. Files in orange have been automatically detected as changed.
Virtual Joints Configuration Package Save Path
) Specify the desired directory for the Movelt configuration package to be generated.
Planning Groups Overwriting an existing configuration package directory is acceptable. Example: /u/
robot/ros/pr2_moveit_config
Robot Poses n_ws/src/Sawyer_SDK_5.2/sawyer_moveit/sawyer_test_moveit_config Browse
End Effectors Files to be generated: (checked)
® launch/sawyer_moveit_sensor_manager.launch.xml * | Defines a ROS package
Passive Joints B launch/trajectory_execution.launch.xml
& launch/fake_moveit_controller_manager.launch.xml
Author Information ® launch/demo.launch

& launch/joystick_control.launch
Configuration Files B launch/setup_assistant.launch ~
® launch/moveit.rviz |

B .setup_assistant

00% ’ Generate Package

Configuration package generated successfull Exit Setup Assistant

B 2-12 BREME I
7) BIEMRIE
JAE):

$ roslaunch sawyer test moveit _config demo.launch

WNERR, BRBER] Sawyer HUE K b A F A 00 [5 FEAET Sk, ARRHUME AR 13
MEEshE HE, 2k, Sawyer Ea ML/ E M T .

i L e b g et Tk, e b7 gl AT Aoy | ARy by

& 2-13 Sawyer ZZHRIC AR B 58 5%
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2.2.2 move_group ¥

F1 Movelt 22 B3\ F Z 28k move group ) C++. Python API Y ros action, service PA K&
topic. move_group % &ML T REE XK MERAE, Heani B B bR, BCENRE K
A, GIgisshiihl, Bamplas NE.

X DL Python £21AM, A-4Runfa]fd H Movelt (JZhfE.

1) | A Python I import sys

import copy
import rospy
import moveit_commander

import moveit_msgs.msg

import geometry msgs.msg

2) ¥4 moveit commander X rospy

print "===——===—= Starting tutorial setup"

moveit commander.roscpp_initialize(sys.argv)

rospy.init_node('move _group python interface tutorial', anonymous=True)

3) L£HIk—4 RobotCommander ¥ &, FHTFMYL.EARXE

robot = moveit_commander.RobotCommander()

4) B4k —A> PlanningScenelnterface X%, BT THLEAFEEKIFIHE

| scene = moveit_commander.PlanningScenelnterface()

5) sHl4b—4 MoveGroupCommander Xi%
X GRE T —MEshild, ExX BN . O HTAEEE L TigE
I, FHHAT R BB A2

| group = moveit_commander.MoveGroupCommander("left arm™)

6) 7E Rviz P ERMKINEZ

display_trajectory_publisher = rospy.Publisher('/move group/display planned path’,
moveit msgs.msg.DisplayTrajectory)

print "===——===—== Waiting for RVIZ..."
rospy.sleep(10)
print "===——===——== Starting tutorial "

) RB/EXER
PRI A S H IR A

| print "===——===—== Reference frame: %s" % group.get planning_frame()
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RAFHLE AT A LRI -

print "===——===——== Robot Groups:"

print robot.get group names()

RN EIF

print "===——===—== Printing robot state"
print robot.get current_state()

8) MEIE|HARA
B H bR

print "s========—== Generating plan 1"
pose_target = geometry msgs.msg.Pose()
pose_target.orientation.w = 1.0
pose_target.position.x = 0.7
pose_target.position.y = -0.05
pose_target.position.z = 1.1

group.set_pose_target(pose_target)

PAT R A& FAERMRIE AR, ASEPR3AT, MRIEIIE 2 Rviz &R HR:

planl = group.plan()
print "=========—== Waiting while RVIZ displays planl..."

rospy.sleep(5)

KA RN BR AR, DG {EAE Rviz P EE:

print "=========—== Visualizing plan1"
display_trajectory = moveit_msgs.msg.DisplayTrajectory()

display_trajectory.trajectory_start = robot.get current_state()
display_trajectory.trajectory.append(planl) display_trajectory publisher.publish(display_trajectory);

print "=========—== Waiting while planl is visualized (again)..."

rospy.sleep(5)

9) Kl ABBHEI BAr
XA AR B RERER L, RATHAKZ goQ#, XANHRBAND wait 8, WEHN
True I, 27 =FHIEE LSS E AL, KRIGNERGR

me elow line when workin ] real rc
# Uncomment below line when working with a real robot

# group.go(wait="True)

10) K ZE B Eh AL
B 7 AR ENUE A L B AL, T ABE B ST R A fE

T SEIE R AT E ) HbRE:
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| group.clear_pose_targets()

ARAF 4 HI R T A A

group_variable values = group.get current joint values()

print "===——===—= Joint values: ", group_variable values

BT RE, PTG 2

group variable values[0] = 1.0

group.set_joint_value_target(group variable values)

plan2 = group.plan()

print "s========—== Waiting while RVIZ displays plan2..."
rospy.sleep(5)

11) HFE/RBERR)
A] DL B — R B S EHL a2 i S R B AR 2 ) -

waypoints = []

# start with the current pose

waypoints.append(group.get current_pose().pose)

# first orient gripper and move forward (+x)
wpose = geometry msgs.msg.Pose()
wpose.orientation.w = 1.0

wpose.position.x = waypoints[0].position.x + 0.1
wpose.position.y = waypoints[0].position.y
wpose.position.z = waypoints[0].position.z

waypoints.append(copy.deepcopy(wpose))

# second move down
wpose.position.z -= 0.10

waypoints.append(copy.deepcopy(wpose))

# third move to the side
wpose.position.y += 0.05
waypoints.append(copy.deepcopy(wpose))

G SR AELE AU R oy B8 42 LA 1em A ] EE4EAE, FRATAT LA & jump threshold HI{E 0.01,
X HEEE 0.0, AT,

(plan3, fraction) = group.compute cartesian_path(
waypoints, # waypoints to follow
0.01, # eef step
0.0) # jump_threshold
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print "===——===——== Waiting while RVIZ displays plan3..."
rospy.sleep(5)

2.2.3 planning scene £
XA B anfrdEid planning scene 22 [ [ KUK 37 5 I I 50 RE B4

1) # % Publisher
AT LA ROS HF:EM) diffs topic FIEIZ AL H, —AMRIZ5H diff $8 12 250k
Yy s MG LR35 2 TR ) 22 57 .

ros::Publisher planning scene diff publisher =node handle.advertise
<moveit_msgs::PlanningScene>("planning_scene", 1);
while(planning_scene_diff publisher.getNumSubscribers() < 1)

{
ros::WallDuration sleep t(0.5); sleep_t.sleep();

2) & XEMmKIYiE
58 SCELR N BRI 57 8 M A T s R ROYIAR, DU E I EIA LS A BRI ik

moveit_msgs::AttachedCollisionObject attached object;

attached object.link name = "r_wrist_roll_link";

/* The header must contain a valid TF frame*/

attached object.object.header.frame id ="r_wrist_roll_link";

/* The id of the object */
attached_object.object.id = "box";

/* A default pose */
geometry msgs::Pose pose;

pose.orientation.w = 1.0;

/* Define a box to be attached */
shape msgs::SolidPrimitive primitive;
primitive.type = primitive.BOX;
primitive.dimensions.resize(3);
primitive.dimensions[0] = 0.1;
primitive.dimensions[1] = 0.1;

primitive.dimensions[2] = 0.1;

attached object.object.primitives.push_back(primitive);

attached_object.object.primitive_poses.push_back(pose);

EEAES L O TRYARERINLEE N L, fE RIS ADD [ {f:
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attached object.object.operation = attached object.object. ADD;

3) YRR RS
IS AR I B 7 s b 1 W AR R e AR b SIS N4, R attached object Y B 1)
object 1.

ROS_INFO("Adding the object into the world at the location of the right wrist.");
moveit_msgs::PlanningScene planning_scene;
planning_scene.world.collision_objects.push_back(attached object.object);
planning scene.is diff = true;

planning scene diff publisher.publish(planning_scene);

sleep_time.sleep();

4 GRMNFEN RS ER

move group fF AR diff B, A PFASERIHLE]

JB rosservice Ki% diff RS, S HEMNIE diff CENHBRT (FBEH)

i topic K% diff R, HESYSLRIEMAE diff BHRCEMNHRY ST (70
DI

R HIEARME IR JE — L] CRAR diff 85, WE—ERARIRETED , a7 DIH R
T A8 P R 55 (0 3 588 K A topic 197 3o

ros::ServiceClient planning_scene diff client =node handle.serviceClient<moveit_msgs::
ApplyPlanningScene> ("apply plann ing_scene");

planning_scene_diff client.waitForExistence();

moveit_msgs::ApplyPlanningScene srv;

srv.request.scene = planning_scene;

planning_scene diff client.call(srv);

5) KiER NS L
HPLESASE DR, AT EICIZM RIS A L, XFESRATIE s R, B
R85 2ACIZ A E P S N — &8> Bt &

Mgl N EARA DR, —RICE M ER, HREEHmELE A L.

/* First, define the REMOVE object message*/
moveit_msgs::CollisionObject remove_object;
remove_object.id = "box";

—_n

remove_object.header.frame id = "odom combined";

remove_object.operation = remove_object. REMOVE;

TOETHRR diff WS TR SN R R A

/* Carry out the REMOVE + ATTACH operation */

ROS INFO("Attaching the object to the right wrist and removing it from the world.");
planning scene.world.collision objects.clear();
planning_scene.world.collision_objects.push_back(remove object);
planning_scene.robot_state.attached collision_objects.push_back(attache d_object);
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planning scene diff publisher.publish(planning_scene);
sleep_time.sleep();

6) FRERHLAR A BN K P ik
fEBRP I BIHL N LA FIFE R 2P0, — R MHLES N RERIIN, I i
ABPALTH

/* First, define the DETACH object message*/
moveit_msgs::AttachedCollisionObject detach_object;
detach_object.object.id = "box";

detach object.link name ="r wrist roll link";
detach_object.object.operation = attached object.object. REMOVE;

[FIRE LS R diff V8 b I R A R R P 1

/* Carry out the DETACH + ADD operation */

ROS_INFO("Detaching the object from the robot and returning it to the world.");
planning_scene.robot_state.attached collision objects.clear();
planning_scene.robot_state.attached collision objects.push back(detach object);
planning_scene.world.collision_objects.clear();
planning_scene.world.collision_objects.push_back(attached object.object);
planning_scene diff publisher.publish(planning_scene);

sleep_time.sleep();

7) Rtk MR SR B R
Rk NI SR A2 BRI, R 2R B 2 i € IR BRI S, RIFEER, 7HER diff
HE TS S AR AR AR 7, DLRIRERIE X 4.

ROS_INFO("Removing the object from the world.");
planning_scene.robot_state.attached collision objects.clear();
planning_scene.world.collision_objects.clear();
planning_scene.world.collision_objects.push_back(remove_object);

planning_scene diff publisher.publish(planning_scene);
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F=F Sawyer SDK

3.1 ZEGEE
ﬂbuntu Development Workstation *'u \

Example ROS Tools
Programs Rviz, RXconsole
¥
Ethernet switch or direct
connect

\ 4

T\

Robot State

Diagnostic
1ag! = Publisher

Motor Controller

ROS Fabric: pub/sub communication,

logging, parameter server, ROS Master

Embedded

B 3-1 RGARE
SDK i i ROS (Robot Operating System) 5 #l#5 A52 H.. Sawyer HL#% AFEft— NSz
ROS Master, IXFEAEf] TAESRS M (A7 T3X A ROS FEHLMLEH) BEWEZ H1 ROS APIs B A%
il Sawyer HL&F A .

3.1.1 T# Sawyer SDK
1. Sawyer fff FChR A B W3k sdk.rethinkrobotics.com/intera/Main_Page .

2. Sawyer W 5T github #ihilk 9. https://github.com/RethinkRobotics. A Sawyer robot
HEANATL, BIA Sawyer B TR SDK M EEHz .

3. AT DAFE A HEH A github RethinkRobotics, $ 21 AH N A8 28 Tk A W st
4. F# SDK: #t A https:/github.com/RethinkRobotics/intera_sdk, i Clone or download

a4, % Download ZIP.
A LR IS TAEX ] 1 sre S Jeid i DL A 2K B,

$ cd ~/ros_ws/src
$ wstool init .
$ git clone https:/github.com/RethinkRobotics/sawyer robot.git
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$ wstool merge sawyer _robot/sawyer robot.rosinstall
$ wstool update

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

$ cd ~/ros_ws

$ catkin_make

5. API /M 4iE: http:/rethinkrobotics.github.io/intera_sdk_docs

3.1.2 TIEsRE#ERE

1) FTLRSLI Sawyer 5 H ki iER:
T Je s Sawyer HEELBIIK (A%, SR HINE BRI H A5 1 wifi BUSEEL 1IN 4 BiERE. RS
# intera.sh B[ robot_hostname I Sawyer ¥l &% T 77 KIFR I, — & 4"021605CP000xx.local"

$ cp ~/ros_ws/src/intera_sdk/intera.sh ~/ros_ws
$ cd ~/ros_ws

$ gedit intera.sh

B a, HEANTAEX A

$ cd ~/ros_ws
$ ./intera.sh

Hift 5 Sawyer #HiE T .

2) FIMZRSEIL Sawyer 5 HL K BEi&E

B B Sawyer [N 4HER B B O [ ShARIMAE, BIHEN Sawyer IIVIH ARSI, 4
Ji il configuration BCE, HEH dynamic ip, PRA7 5 1 [F] 32 5L 1H 25 )5 ALAS -

SRJE ORI 5 Sawyer 5 FHIMZAHIERT, 8T dr &

| $ sudo ufw disable

SR k3, %I Enable Networking, 75 #]M 4RI T, #54 ethl, @il a4

| $ ifconfig ethl

HHE MRS, 1IEW R iEE a2

| $ sudo avahi-autoipd ethl

SyBC ip 45 ethl WE, @ISR HIMLLNERE, WA BRI

Found user 'avahi-autoipd' (UID 104) and group 'avahi-autoipd' (GID 111).
Successfully called chroot().

Successfully dropped root privileges.

Starting with address 169.254.10.85

Callout BIND, address 169.254.8.16 on interface ethQ

Successfully claimed IP address 169.254.10.85

63



'k WART]  moewsr Apim

Sawyer JT KB F

ANER M %K, fEHAE R 51817

FTH—AB e, N4

| $ avahi-browse -a -r

TE &1 H Sawyer [ hostname, LA %G Sawyer 73 EC [ address #& 75 -5 L 1) address 7E [F]

—NREL

it i &

| $ping #sawyer hostname'.local

G A ping M, WIR ping 38 7 S U IERERI) T .

IS N

| $ ./intera.sh

BN Sawyer FIFAEi#E ] Sawyer T o

3.1.3 Hello Robot
a4

# Move to root of our catkin workspace
$ cd ~/ros_ws

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

$ catkin_make

# Source intera.sh script

$ ./intera.sh

# Identify the ROS Master location

$ env | grep ROS_ MASTER URI

& F Sawyer [ robot_hostname ;

il fin &

| $ ping 021605CP00006.local

G R
cothink@cothinkTab3:~$ ping 021605CPAARA6.local
PING 821685CPO0006.1ocal (192.168.8.180) 56(84) bytes
bytes from 192.168.8.100: icmp_seg=1 ttl=64 time=4.
bytes from 192.168.8.1600: icmp_seq=2 ttl=64 time=9.
.100: icmp_seg=3 ttl=64 time=2.

bytes from 192.168.

bytes from 192.168.8.100: icmp_seq=5 ttl=64 time=2.

8
8

bytes from 192.168.8.100: icmp_seq=4 ttl=64 time=2.
8
8

bytes from 192.168.8.100: icmp_seq=6 ttl=64 time=2.

Bl 3-2 ping BREE

$ rostopic echo /robot/joint_states
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HHE R RATERTE R
it A &

| $ rosrun intera_interface enable robot.py -¢

4B 7R Robot Enabled 7~ .2 1# 5] .
fFH a4

| $ rosrun intera_examples joint_torque_springs.py

fERL s N AT —A> B RIPIRES o

TR — AN 722 7 Ui 5 5l Sawyer TS
B BEARE Sawyer CLAHE D), EIFEIAN—IRT 2

| $ rosrun intera_interface enable robot.py -e

IR ES) o
FE 23 EARUGRN
$ python

# 12 python [ E’ SAT S

# SN rospy 5%

>>> import rospy

# T Sawyer [fY intera_interface 335
>>> import intera_interface

# ¥4afk ROS 15

>>> rospy.init_node('Hello_Sawyer")

# 1EH: Sawyer 4B

>>> limb = intera_interface.Limb('right')
# FEAE A TR A E

>>> angles = limb.joint_angles()

# FTENSATHI R A BAE B

>>> print angles

# #7) 3| Sawyer i HIRFINL B
>>> limb.move_to_neutral()

# IR H IR B )R RS R
>>> angles = limb.joint_angles()

# FTENSCTS ffE 2

>>> print angles

# R R R A RCE Y 0.0 HPIRES
>>> angles['right_j0']=0.0
>>> angles['right_j1']=0.0
>>> angles['right_j2']=0.0
>>> angles['right_j3']=0.0
>>> angles['right_j4']=0.0
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>>> angles['right j5'7=0.0

>>> angles['right j6']=0.0

# FTENSCT A5 2

>>> print angles

# fff Sawyer 47 R B E1% T
>>> limb.move_to_joint positions(angles)

# fif Sawyer BK FIEFATHHIT
# RIS — IR AL E
>>> wave 1 = {'right j6": -1.5126, 'right j5': -0.3438, 'right j4': 1.5126, 'right j3": -1.3833, 'right j2"
0.03726, 'right j1" 0.3526, 'right j0'": -0.4259}
# ORISR AR AL E
>>> wave 2 = {'right j6": -1.5101, 'right j5': -0.3806, 'right j4': 1.5103, 'right j3": -1.4038, 'right j2"
-0.26009, 'right j1": 0.3940, 'right j0': -0.4281}
# EEHEATRR A BIE 3 IR
>>> for _move in range(3):
limb.move to joint_positions(wave 1)
rospy.sleep(0.5)
limb.move to joint_positions(wave 2)
rospy.sleep(0.5)

# 1B python F1f
>>> quit()

(a) BERARE (b)RTH R AR 0.0 FRRZS
B 3-3 Sawyer KITRE

IR BRI [R5 B

5 Sawyer FIFEXLTELR, B EERAE limb = intera_interface.Limb('right'); FREK
T BERIHE 52 angles = limb.joint_angles(); <17 s HL BB /7 /2 angles['right_j0']=0.05 X
FT A 5% 5 B AR TR AE 1 )5 202 wave 1 = {'right_j6": -1.5126, 'right_j5": -0.3438, 'right j4': 1.5126,
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'right j3': -1.3833, 'right _j2': 0.03726, 'right_j1': 0.3526, 'right_j0': -0.4259}; ¥ Sawyer [ 4 & 55
B ¥ 19T S 21 /2 limb.move to_joint_positions(wave 1); Sawyer H 7 I 20 3] 5 IR 7 &
()42 1 /& limb.move to neutral(); Z{# Sawyer B ML HE, wike 2 A SIEIRIE— MG
2 NEER RN PR (o

3.2 Sawyer NAHEFED

Sawyer W HHREFHE:M, $24t 7 H TH Sawyer Hl#5 A2 H 1] PythonAPI, ‘& H— R 1E
&7 ROS IRMIZRA A, FTLAE B I PythonAPT I HLAs AASFE 3 .

3.2.1 AANAERF#ED
e
intera_control
intera_control.pid
intera_dataflow
intera_dataflow.signals
intera_dataflow.wait_for'
intera_dataflow.weakrefset
intera_interface
intera_interface.camera
intera_interface.cfg
intera_interface.cfg.SawyerPositionFFJointTrajectoryActionServerConfig
intera_interface.cfg.SawyerPositionJointTrajectoryActionServerConfig
intera_interface.cfg.SawyerVelocityJointTrajectoryActionServerConfig
intera_interface.cuff
intera_interface.digital io
intera_interface.gripper
intera_interface.head
intera_interface.head display
intera_interface.lights
intera_interface.limb
intera_interface.navigator
intera_interface.robot enable
intera_interface.robot params
intera_interface.settings
intera_io
intera_io.io_command
intera_io.io_interface
TEAH R BRI AR B 2%
https://rethinkrobotics.github.io/intera_sdk docs/5.1.0/intera_interface/html/index.html .
3.2.2 HUBEE D
S L EE LB 4, ATl Rk 7 A aa 1L

from intera_interface import Limb

right arm = Limb('right")
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https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_control-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_control.pid-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_dataflow-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_dataflow.signals-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_dataflow.wait_for%27-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_dataflow.weakrefset-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface.camera-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface.cfg-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface.cfg.SawyerPositionFFJointTrajectoryActionServerConfig-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface.cfg.SawyerPositionJointTrajectoryActionServerConfig-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface.cfg.SawyerVelocityJointTrajectoryActionServerConfig-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface.cuff-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface.digital_io-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface.gripper-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface.head-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface.head_display-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface.lights-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface.limb-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface.navigator-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface.robot_enable-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface.robot_params-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_interface.settings-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_io-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_io.io_command-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/toc-intera_io.io_interface-module.html
https://rethinkrobotics.github.io/intera_sdk_docs/5.1.0/intera_interface/html/index.html

'k mART]  mtene Abis

Sawyer JT KB F

N EE N IR TIRE:
ARG

DI il A 2

JORRA A CRLE. HEZ. D .

3.2.3 RimPfraseg o
LB A o A B BT SR A«

from intera_interface import Gripper

right gripper = Gripper('right')

FHEDIBEW T

(5] J& FF 4 AIE AT IT B 5 i 25

B IR IR A AN

SR A A I AL AT L S 5

KA AR IE 3

PR I B AR EME GEEE. Bah. B, JEX. HEBESS)

3.24 SNi%EAEQ
A LI Sawyer (0 S R4 i 11

o

from intera_interface import Navigator
right arm_navigator = Navigator('right')
right torso_navigator = Navigator(‘torso_right')

FEDIREUW T
FERtEEZ IR INAY

X R AN AL B I A A8 AR S S 5
Pt AL T

3.2.5 MNLEEO
BB X BT Sawyer FIFENLEE H:

from intera_interface import Cameras

cameras = Cameras(‘head _camera')

FEDREUT T :

FTIF B AR AL

P4 FHHL: head camera, right hand camera;

PN B ESE (WU, BB, e, B PEs .

3.2.6 LN
I O T Sawyer Skifiz ).

from intera_interface import Head

<component name> = Head()

A A
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on_head_state: XJ F TIRA s
blocked: 1675 Sk 78 A& 75 4 FHLA% 5
pan, pan_mode, panning: IRAH;
set pan: WEH k.

3.2.7 HAEE
SDK &M NSH K E:
BB G717 % ff G FE
KRB T e R FE
SDK it A
Je R R AM SDK A AW E .

3.3 Sawyer SDK 7=

3.3.1 NEMVEGLE
1. fr8AE:
i H a4

| $ rosrun intera_examples camera_display.py

KIBINZTT R, HINEA 3 NS

@ c or --camera: IXSEIEFEFAL LML, ERIAE head camera, ¥E7] % right hand camera;

@ ror--raw: fFHEEEIZEZZ opency br g HF IE GG, BRIAEERHZ opency b &
FraEid BB, AR A - e fR 46 K15

® —cor—-edge: &R H opencv BURH T EMGBEAT K FEAL AT I AL BE, BRIAASALEE,
A -e T AT B AL 3L

b fn H i 4

| $ rosrun intera_examples camera_display.py

MR R B Sk B8R S, I opency HrIEIE I IR, AT EIR#EAT T8 4b 31
fi A -

| $ rosrun intera_examples camera_display.py -c right hand camera -r -e

W R F AR EGCL, FHE A WA R, X B REAT P IE AR

2. IR
KBS FE A AR B

rp = intera_interface.RobotParams()

valid_cameras = rp.get_camera_names()

RPN HL RS BL:

camera = intera_interface.Cameras()
if not camera.verify camera_exists(args.camera):

rospy.logerr("Invalid camera name, exiting the example.")

return
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| camera.start_streaming(args.camera)

IR SRS E J5, PRI Al camera.set callback(...) B8 FUR X B i b 2R 45
Sawyer %A BB F1GE KNS E, BN EG KNG B i A5 2k 1 G R ST N 752x480;
LR AZ S SR EL I BSR4 1280800

332 EnEERELHE
1. fﬁéﬁ%’f/ﬁ
fFH a4

| $ rosrun intera_examples head display image.py -f <the path to image file to send>

PRI RN
usage: head display _image.py [-h] [-f FILE [FILE ...]] [-]] [-r RATE]
& -f <K NN EBHSL, IEHADSH] i
@ -l or --loop : X RFEBEAIGEIT, BAAZ IR, GRS M oz K
®-ror--rate : B RoRE, BN 1.0
Forb B ) RST 4 1024x600, 27 B s PUZE B A iid s P4

2. RIBEME:
REUR R B AR
head display = intera_interface.HeadDisplay()

head display.display image(args.file, args.loop, args.rate)

FRAEACHS FT DA, o SR AR 2 IR AE B e L Bon B A, BT PAMB K args.file f 301 H 3%,
MG BT BN, 0 R AR R R SR, ST BUSH opency BEATALER, fi—
& 1024x600 B, KB A 2 H 8 BT 2R .

3.3.3 T
3.3.3.1 ERAEFEEIN
1. Mk

SLIBURTESS

| $ rosrun intera_examples gripper_keyboard.py

Sk FH B B i Sawyer [T RIA AN S 4L
&-h R
&1 -k, BRI right
JEBNJEHIN T, 2 B I A 4 ) o B A
key bindings:
Esc: Quit  --1B H 15 3
?2: Help --# B 2715 &
c: calibrate -- KA E N, FEFTIF Sawyer J5 R F 2 hrE —Ik, M
RIIAN—Rr 25, MEREL 7T FEmA o it
ZPAT — IRIEH IR E -
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q: close - H R NS e /NP A7 B

h: decrease holding force --JBF% I HUY) & 19 71 5

u: decrease position -4/ 3 JTUTE] [ 25

j: increase holding force -3 I JCHU ) /) FE

i: increase position -3 113 T8 (1] (1) 2R 25

o:open -—-fTJFRIN

r:reboot  --ELJF RN, Z JFUNREA @A ¢ fr S hrE RN, AT

FoAth #R AR #RTE H

+: set 100% velocity -1 B I TUEK 1IH %

-t set 30% velocity -1 B %30 (1) J& HUE

s:stop  —-FFIERINIENE, FTEEFHA r R5EHHAN c ZJ54 6
IRFE R

2. RISV
S R R I | H B PN F2 1

| gripper = intera_interface.Gripper(limb)

R i A 2% Al A B £ ) T

bindings = {
# key: (function, args, description)
'": (gripper.reboot, [], "reboot"),
'c": (gripper.calibrate, [], "calibrate"),
'q': (gripper.close, [], "close"),
'o': (gripper.open, [], "open"),
'+': (gripper.set_velocity, [gripper. MAX VELOCITY], "set 100% velocity"),
'-": (gripper.set_velocity, [thirty percent velocity], "set 30% velocity™),
's': (gripper.stop, [], "stop™),
'h': (offset_holding, [-(gripper. MAX FORCE / num_steps)], "decrease holding force"),
" (offset_holding, [gripper. MAX FORCE /num_steps], "increase holding force"),
'u': (offset_position, [-(gripper. MAX POSITION / num_steps)], "decrease position"),
" (offset_position, [gripper. MAX POSITION / num_steps], "increase position"),

3.3.3.2 BIFEERIR

1. k.

| $ rosrun intera_examples gripper_joystick.py

Sk i g B ) Sawyer FIIEIN, H 4 NSEL:
&-h --fRoRTHEh
&1 -nik, ERIA right
& -3k {xbox,logitech,ps3}, EFFIEEIEA
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2. FHRAEH R ZE
1) {E ubuntu 7225 AH N IR 5
B e J LR B, fEBAAH O R joystick, TR 3-4 o = NERFER AL T

L4 J & = I:'I = G ot ’ Q joystick] @ ]
. FTEYE =52 i R

A% WEXE v
il Setof testing and calibration tools for joysticks

D joystick

Q jstest-gtk

¥ ENFRREEETA

Bl gi-117

== ETREE

i QloyPad

el 2 F e

B 3-4 FrEwRzE

BN R M RIS, AR xbox360 L H FHi:

$ sudo add-apt-repository ppa:grumbel/ppa
$ sudo apt-get update
$ sudo apt-get install xboxdrv

ﬁﬂ%% psS qz*ﬁ

| $ sudo apt-get install joy2key

PA_EOKEh S5 2 5e e, ] LA el 1007 sURNRG IX B 4 iR 2 e, XA 2
i b T AR AT AR o

G EIREfE, HRIER BRI — T3R50,

Sk TARIELS USB Bl LG AC as E 2 ra i, Il 4

| $1s -1 /dev/input

A TR S IERB BN, BN IR T O A H08 js0, WERE 24 js0 [ 1,
HUUL R R -

A -

| $ 1s -1 /dev/input/jso

Bt

| crw-rw-r--+ 1 rootroot 13,0 10 H 5 09:03 /dev/input/jsO

ATHT S0 BRI BT A & A RE LT 2 root, R ZE root BUFR A REEEAE jsO. AL 75 2 24 jsO
i) root BEZH N dialout BE4H, T dr 2

| $ sudo chgrp dialout /dev/input/jsO
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HEESEERA, A

| $ 1s -1 /dev/input/js

i -

| crw-rw-r-—+ 1 root dialout 13,0 10 A 5 09:03 /dev/input/jsO

RO & H SR
WATFWES, Bt

| $ sudo jstest /dev/input/jsO

WA LU BT S 5 im D RE R, REFMR, MNAE &2, AR
PR TR, FTIF jstest-gtk, BI— a5 DRAIEFF, R EHILEHR
g e G S Sord
DragonRise Inc. Generic USB Joystick
Device: /dev/input/js0

Calibration |

™ \

& 3-5 jstest:gtk N7
BAEF T, v CUE B 3-5 AR 0550 .

2) A ros AGL TG I AT LK)

i A4

$ sudo apt-get install ros-indigo-joy

$ sudo apt-get install ros-indigo-joystick-drivers
$ rosdep install joy

$ rosmake joy
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REX B IN B AR 5E IR UR] LAE ros A A5 1. 81T

—\\
‘<
=
o
o
(¢}
=
Tir

\\\\\

| $ rosrun joy joy node

ﬁ:%:‘/ﬁ 1%\ H

| $ rostopic echo joy

BUE % T TR R o] 245 2 B B R AR AL .
A SR IX v [A) HATAT 108, AT BAFT T baxter ORI, I HATH TR ERAEBILES 1.

i i 4«

| $ roslaunch baxter gazebo baxter world.launch

FFJ5 baxter FIBLAE, FHEH A4

| $ roslaunch baxter_examples joint position_joystick.launch joystick:=<joystick type>

-

| $ roslaunch baxter_examples joint position_joystick.launch joystick:=xbox

KA B E ] xbox FARAIH . PIATRHAIF R G, W AT LLZ ] baxter FIEALES T

i FH i 2

|$ roslaunch baxter gazebo baxter world.launch

JF)5 baxter FIBLIAS, FHEH:

|$rosrun joy joy node

TR PR s, CAMEwA, -

| $ rosrun  baxter examples joint position joystick.py

KA BN T baxter KIERE. JTRRX =AW i )5, 0 P26 baxter FIBIES 1.

3. saitick $BFTHIIRB) 2%
LA A IR E .

$ sudo apt-get install git-core

$ sudo apt-get install 1ibx52pro0 libx52pro-dev

TR

$cd ~/catkin_ ws/src
$ git clone https://github.com/Hacks4ros/hdr x52 joyext.git
$cd ~/catkin ws

$ catkin_make

TR GBI  WAT AR AT /2 75 BEAE ubuntu A1 ros FHAEA
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BERPEAT AN, WK PEATE S, Eid s

| $ sudo jstest /dev/input/jsO

ﬂj—f PUE BIREAT T A 15 5 om D 5 B, BAERRATRS, ARG Bt =1k,
1217 joy node 7 fi:

| $ rosrun joy joy node

ﬁ:%ﬂ%’ 1%\ H

| $ rostopic echo joy

2 PIRAEREAT FHEL I, AR axes Al buttons {5 522421k .
S IR AT IS 75 2 53 A S A0S, it b KT IR BRI (ros TR E4SE (L) ——84E
FEEER]D , REAFAE ROS L aT LLEEHINLAR K, .

PEFFA- 44 4E: http:/hacksdros.github.io/hdr x52 joyext/doc/doxygen/index.html

B 3-6 ®ITHE

3.3.3.3 FipEEIe N

1. wAHAE:
SGIPURIRS

| $ rosrun intera_examples gripper_cuff control.py

Kt Sawyer LA S A F2 B0 SR 4% i) 2 IO I A1
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: Training Cuff Light

Zero-G Mode

Action button

Grasp button
B 3-7 Sawyer IR ER

WTWEE 4N
@-h, —-help S AN
&g {[right]} --"[IESEL, BN right
®-n, -no-lights --A[IESHL, HiA-n BRADIESE 3-8 1 Zero-G #AHIE
()57 (K 3-8 H Training Cuff Light), B EFEHZE
/(K 3-8 ' Zero-G) B W54 BRALAT A=
®-v, -verbose  --A[IEZHL, FA-v WATED debug 15 5

JashE, $EEKALE) Dash(Grasp button)8 U ¢ I N, K% E [EJE /) Circle(Action button)
e, WS R,

2. RISV
SREL Cuff 428 SEAT A0 I I3 452 1 -

self. _cuff = Cuff(limb)
self. lights = Lights()
self. _gripper = Gripper(limb)

3.3.4 Lk#MERFED

1. k.

BBV LY

| $ rosrun intera_examples head wobbler.py

Mk AR B3] -

2. RIBIEME:
RS 7318 1T head = intera_interface. Head() K42 il Sk #B5¢17; #Id head.set_pan(angle)>R 1%
BT E

3.351K RS
K FH P R [e) s 5 2 TK @557 3K, 43 ) & 145 5 1Y SolvePositionIK A& i) SolvePositionIK -
Request.
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3.3.6 KTl

Kl 3-8 Sawyer X AFARA
Sawyer B LA 7 AT, 45N 10, 11, 12, 13, 14, 15, 16, Hort 11,13, 15 A pitch JUHL 5 £,
J0, 12, J4, 16 A roll Jie i .

3.3.6.1 BB EIECTIIEE)

1. R fE:

iBVREYTY

| $ rosrun intera_examples joint_position_keyboard.py

i A ] Sawyer KT RIANIZEN, BTN E 9, FREAGEE TN QB I, KHEEE
AR T TR ETRXNA, 1A Q XA — KT, ., 8 AL R —ARA, 9 R HEMEIR
FJNHIbRE, BCFHH, TR .

MAER:
@-h, —help -k, HWEMER
&1 {right}, —Alik, EFETHE, Sawyer BRING TH
MATREmYE, %T? SHIEEERRR:
key bindings:

Esc: Quit 18 %41

?:Help --#iBh#a4ll

9: right gripper calibrate  --J& /bR &

8: right gripper close -3 )\ K [4]

i: right gripper open -3\ /5

q: right_jO decrease --JIHE ST jO RS £ 350 BE

1: right_jO increase --JEGJ8 K15 jO Wi 4% 350 B

w: right_j1 decrease --JH K77 j1 IR £ 465 350
2:right_jl increase --JH KT j1 W £ 350 &

e: right_j2 decrease -- EFE T j2 IRE £330 350 FE
3:right_j2 increase -- EFE AT j2 WIRT £ 5 350 FE
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r: right_j3 decrease  --fif 5711 j3 IR £1465) 350
4:right_j3 increase --JIf %77 j3 Wik £HHEE) 350 JE

t: right_j4 decrease -- N8 KT j4 I &4 3 350 JE
5:right_j4 increase -- FFE LT j4 Wl EHH£2) 350 FF
s right_j5 decrease  --¥AICTT j5 MR BHE43) 350
:right_j5 increase  --MAICTY j5 W EHESN 350
:right_j6 decrease  --Bi 5% TT j6 NS £H#43) 540 i
:right_j6 increase  --JBio<TY j6 W £HHEZN 540

N £ <

Pitch Joints
Joint Name (DF:agl:eg:s)
Ja | 350 |
3 | 350
Js | 350

& 3-9 pitch X REBRAREAE

Roll J_oints
Joint Name (DF::I:eg:s)
Jo | 350
J2 | 350
J4 | 3%
Jo | 540

B 3-10 roll XFT A RBKIEFEAE
HrpH 43258 Roll Fe#EHRTTEE T j0,j2,j4,j6 71, Pitch INHAE FH 565 j1,j3,j5
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Ko
1014.75
Link Lengths

Link Name Length
LO 81mm
L1 192.5mm
L2 400mm
k3 168.5mm
L4 400mm
LS 136.3mm
L6 133.75mm |

B 3-11 FEKE
2. ISR

ARHE 58 7 75 L4551 intera_interface [T~

gripper = intera_interface.Gripper('right')

limb = intera_interface.Limb('right’)

@it gripper.open(), gripper.close(), gripper.calibrate() 142 il & JIN 1) [ 4
BT limb.joint angle(joint name), limb.set joint positions(joint command)4% il 5¢ 15 f1i2 5l »
3.3.6.2 EITHRIEXTIZF)

1. fr8iE:

HAEMIR O L %A T joystick PRI I FARREN T B, REA %3, HSH 3332
ARG N A AT 22k, DMERE IR IR T4

(1)JE L A5

| $ rosrun intera_examples joint_position_joystick.py

Kl FWRIERCTZE) . WREA 4 M2, MAER:
®-h, -help --TliE, HEIER
& {right} --7li%, EFEFE, Sawyer BRINGTH
M‘jﬁ%ﬁ
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®-j {xbox,logitech,ps3} --hifk, SCKF 3 FPiEKiERE, xbox T4, logitech #EAF, ps3 T

(2) A 3 I s

| $ rosrun joy joy node

T8 FAR s e, DAERE A . ik BB AT s mT DOR B AR A RE AT dE i H L2
7o
Q) EfFH w4

7

| $ roslaunch intera_examples joint position_joystick.launch joystick:=<joystick type>

KB s TRl 8 iz s, flani a4

| $ roslaunch intera_examples joint position_joystick.launch joystick:=xbox

K8 ] xbox TR 25

2. R
HREL Sawyer (#9645 19 JTUEE 1

limb = intera_interface.Limb(side)

gripper = intera_interface.Gripper(side)

RT3 O .

jhi = lambda s: joystick.stick value(s) > 0
jlo = lambda s: joystick.stick value(s) <0
bdn = joystick.button down

bup = joystick.button up

##H%Ej‘:

bindings = [
((Glo, ['leftStickHorz'"), (set_j, [limb_cmd, limb, joints, 0, 0.1]),
lambda: "Increase " + joints[0]),

3.3.6.3 EHIKTTEERE A

1. Rk
piiBVIREPY

| $ rosrun intera_examples joint_position_waypoints.py

At FENE LSRR IR R IIENE. B 3 NS, MANEEN:
®-h ik, FHEMER
& s Ak, HEFEE, 0.0-1.02000 03
& a2 Ik, KR, BRIA 0.0
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tbunisfran 4

| $ rosrun intera_examples joint_position_waypoints.py -s 0.1 -a 0.1

FIREL 0.1 FIIEZEA 0.1 FIkE BEIEAT o BEBF AT —ANELEENE, 3% T Sawyer FH L1 OK
B, R XAELNEDR: ZoalxshfE, KA Sl aEE R, il hidsx—ik
A % B H % D —> Waypoint Recorded B, #% T Rethink %4 Sawyer ff &3 #1047 E
—IRIEKMBIME, HEIET ctrle &1k,

2. RIGH#ME:
SREUH R

self. limb = intera_interface.Limb(self. arm)

self. navigator io = intera_interface.Navigator(self. arm)

R N 1 47 1] o 5

ok id = self. navigator.register_callback(self. record waypoint, 'right button_ok")
show_id = self. navigator.register callback(self. stop recording, 'right button show')

self. waypoints.append(self. limb.joint_angles())

self. limb.move to joint positions(waypoint, timeout=20.0, threshold=self. accuracy)

3.3.6.4 FEHIKTHIFEFR

1. i HAE:
ﬁjijﬁ‘){_i!

| $ rosrun intera_examples joint torque_springs.py

SEHLIAE AR, BT A )5, Sawyer 261247 E neutral B4, #EAJIHEIITSES, Bt
i Sawyer /24 TR H JPRER, 7T UUHF L), (HESH Sawyer 27 H — miF /7.

WMANSHA 2 1
®-h, -help --1i%, FHHGEE
& {right} --°[ik, EHFTFE, Sawyer BRNL TH

2. AR VAR

SRBUH R 4% 11«
self. limb = intera_interface.Limb(limb)
self. rs = intera_interface.RobotEnable(CHECK VERSION)
self. rs.enable()

AH R 4 AR B«
#  create our command dict
cmd = dict()

#  record current angles/velocities

cur_pos = self._limb.joint_angles()
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cur_vel = self. limb.joint velocities()

#  calculate current forces
for joint in self. start angles.keys():
#  spring portion
cmd[joint] = self. _springs[joint] * (self._start angles[joint] -cur_pos[joint])
#  damping portion
cmd[joint] -= self._damping[joint] * cur_vel[joint]

#  command new joint torques

self. limb.set joint torques(cmd)

3.3.6.5 iIERXTiEE)

1. k.

BBV LD

| $ rosrun intera_examples joint_recorder.py

FKidxk—3E, B3NS
@ -h, --help - FEE R
@ -t RECORDRATE, it 5% 3#i#%, #4100
Wik B
® _fFILENAME  —-0MESHL, R ICF SRR

Ee it

| $ rosrun intera_examples joint recorder.py -f test_recorder

ol KARIE S Sawyer AT HIESBIEFFORFEAE test_recorder SCAFHTY, MR & BR12,
ERNCRAFAE TAEIX[H] catkin_ws SCHFR TR, GnReRE4axntiie, ORfEELaNT IR T . Wik
HOEEMFE R BBE N RAE T — 0, BRIERMSBE S ATRINE. EilkshErdEs, »f
PL$% T dash #ZEFTIFIEIN, KI% T circle #2412 FJE N o 8 S N 545 20 -

time,right jO,right_j1,right j2,right j3,right j4,right j5right j6,right gripper
0.2791,0.3556,0.54189,...

2. IR
SR G4«

self. limb = intera_interface.Limb(limb)

self. gripper = intera_interface.Gripper(side)

self. cuff=intera_interface.Cuff(side)

LR Hl) 4 QR B

if self. filename:

joints right = self. limb right.joint names()
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with open(self. filename, 'W') as f:
f.write('time,")

]

temp_str =" if self. _gripper else "\n'
f.write(','.join([j for j in joints_right]) +"',' + temp_str)
if self. gripper:
f.write(self.gripper name-+"\n')
while not self.done():
if self. gripper:
if self._cuff.upper_button():
self. _gripper.open()
elif self. _cuff.lower button():
self. _gripper.close()
angles right = [self. limb_right.joint angle(j) for j in joints right]
f.owrite("%f," % (self._time stamp(),))
f.write(','. join([str(x) for x in angles_right]) +"',' + temp_str)
if self. gripper:
f.write(str(self. _gripper.get position()) + "\n')

self._rate.sleep()

3.3.6.6 EHEKXFTIEBNHL

1. R fE:

BBV LD

| $ rosrun intera_examples joint_position_file playback.py

KPATEIEK MR B8, 74 4S5
&-h --HiESE, HEER
&1 TIESH, EHETE, BIANAE
&-n --HESE, EAEREL BN 1K
WIESH:
&-f RS, LRI AR

EAn 156

| $ rosrun intera_examples joint position_file playback.py -f test_recorder -n 3

PEIRPAT 3 1K test_recorder SCF BLARAFITIE BN

2. IR
SRR G4 1«

self. limb = intera_interface.Limb(limb)

self. gripper = intera_interface.Gripper(side)

L PR £l A QR B -
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with open(filename, 'r') as f:
lines = f.readlines()
keys = lines[0].rstrip().split(',")

limb_interface.move to joint positions(cmd_start)
if len(limb_cmd):

limb_interface.set_joint_positions(limb_cmd)

if has_gripper and gripper.name in cmd:

gripper.set _position(cmd[gripper.name])

3.3.6.7 KFEALIBAT IR S TR

T Sl s

| $ rosrun intera_interface joint_trajectory action_server.py

KB BRTEREE, A4 DM
®-h, --help --AIIESH, FHIER
&1 {right} --AlESH, EHEFE, RALE
€1 RATE, --miEZHL, &, B 100
€-m {position_w_id,position,velocity} Tk Z %, HIBHPAT B, BIA

position_w_id

INEEPSR

if mode == 'velocity":

config name = ".join([robot_name,"VelocityJointTrajectoryAction-ServerConfig"])"
elif mode == "position":

config name = ".join([robot_name,"PositionJointTrajectoryAction-ServerConfig"])"
else:

config name = ".join([robot_name,"PositionFFJointTrajectoryAction-ServerConfig"])"

SR 5l R

| $ rosrun intera_examples joint _trajectory file playback.py

KPAT ORI RWPTIES), B 4 NS5
®-h, -help --TESH, HMEER
& {right} --F[IEZH, EHETE, RIALE
®-n--loops --"ESEL, TEMIEBOREL ERIAN TR

Wik SH

®-f-file --WESH, CidRXTBINNEE LIS
MR 2 RN
W@t Ay 4

| $ rosrun intera_interface joint trajectory action_server.py -m position w_id
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KIABN I Ss&, 50— E il it fr &

| $ rosrun intera_examples joint_trajectory file playback.py -f test recorder

KPATZBNEIERT, MFE7R — LR R A5 S, UL SCTT s o7 Bk AR TR, Eeln: Exceeded
Error Threshold on right_j4:0.20672507,2 WA LI R 1E B, FEARAGRIEA ST i 0.2 BA
RS, [k, position w id 1 32 BhEILIZE RAZ IS /Mg B 12 B I 0RS 40 30 1 L2
B, e O HY VO L 2 A AT

IR R A i %

| $ rosrun intera_interface joint_trajectory action_server.py -m position

KRB S5 &, AE 57— il it

| $ rosrun intera_examples joint trajectory file playback.py -f test recorder

KAIAT test_recorder AT IRAFHIIZEN NI, ERXFEIT, ISP A LA R, M
i R 1 —

PP ST uRTIRes

| $ rosrun intera_interface joint trajectory action_server.py -m velocity

KI5 E, TSl id a2

| $ rosrun intera_examples joint trajectory file playback.py -f test recorder

KRPATIERILR, R KRBT, FFBA R RTI8 310 3 i 438 [

3.3.7 SkEBST 6 R ERI R
1. ﬁfé’ﬁéﬁf
LT

| $ rosrun intera_examples lights_blink.py

KRS T AT TG 0L, AT PRI SRAT AU KRR, 2 DNMaAS L
®-h, --help -7k, HEEE
&1 {right} --A[i%, EFFERKINLT, Sawyer Bkl head green light

2. RIGH#ME:
(AR T 55 P ;i U

| from intera_interface import Lights

S Lights 2§, @ilifA]

| 1=Lights()

HERSKTUT #0, B iEA:
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| Lset light state('head green light', True)

PERSLTT T, JEAE A

| Lset light state('head green light', Faulse)

PEHIAT K
3.3.8 Movelt iR
& #lE:

X Sawyer moveit L FE:

= Make sure to update your sources =
$ sudo apt-get update
= Install Movelt! =
$ sudo apt-get install catkin-indigo-moveit
$ cd ~/catkin_ws/
$ ./intera.sh
$ cd ~/catkin_ws/src
$ wstool merge https://raw.githubusercontent.com/Rethin kRobotics/ sawyer moveit/master/

sawyer moveit.catkininstall

$ wstool update
$ cd ~/catkin_ws/

$ catkin_make

Migirams

| $ rosrun intera_interface joint trajectory action_server.py

RSB IR ST A%, RS S—AmE Bl

| $ roslaunch sawyer moveit _config sawyer moveit.launch electric_gripper:=true

Kz 4T Movelt 15 55, Ak electric_gripper:=true K/ NI N, 7E rviz B S35
IR, WRBEIX—I, HERREA I,
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FEIE  Sawyer B R4

A TSGR TR Sawyer [1JLANFER N S B, GO0 5 ERER . B0 N T8 sh AR REAT
T ERBE DA L2330 s B

4.1 NSRS R

Al g7~ Sawyer B LLIR AR, HSCrf BRER NGB 7 67, #Efi 6 Sawyer Sk ERBE A iz
3. HEIAH Sawyer S AR SIREUENE, X EG AT /-0, B ES RS R RS
N5

FEARIBATIXARE T /i (node) T, THFRIAKI LI 1RG5 Sawyer HEOL 1 8. 25 TH
FE2 0 BT«

$ roslaunch face_tracker sawyer face follower.launch

M RigAT B AT UL launch SCHERT, EFZIRT E BN T =TT R (node)

B MR SIIFET T A (node) FTHF T Sawyer Skiifr B 4545k (head camera) . 4
Sawyer WA KA BTG LA EMEIH B 246 € ros topic 1HR
"/io/internal _camera/head camera/camera_info" FH}, 75 EEITX/NN AL, A TP .

% AN A (node) 24T T rbxl  (ROS By Example 5 45 55 — it ) Q&1
face tracker2 o FAIMIACHY T ZZAE 71 s (node) HHAT ARG IRAIAITHE . X ERE VR 75 B 50K
rbx1 FIARRSER 2k B /R A KA1 T 2% ] (workspace) H1.

BT (node) AN S I TERERR AT, Hrh M2 7 PD 5k,
Face_follower.launch A% N % :

<launch>

<node name="camera_display" pkg="intera examples" type="camera_display.py" args="-c

head camera" respawn="false"/>

<node pkg="rbx1 vision" name="face tracker2" type="face tracker2.py" output="screen">

<remap from="input_rgb _image" to="/io/internal camera/head camera/image raw" />

<remap from="input_depth image" to="/camera/depth/image raw" />

<rosparam>
use_depth for tracking: False
min_keypoints: 20
abs min_keypoints: 6
add keypoint_distance: 10
std_err_xy: 2.5

pet err z: 1.5
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max_mse: 10000

add keypoints_interval: 1
drop_keypoints_interval: 1
show_text: True
show_features: True
show_add drop: False
feature size: 1
expand_roi: 1.02

gf maxCorners: 200

gf qualityLevel: 0.02

gf minDistance: 7

gf blockSize: 10

gf useHarrisDetector: False
gf k: 0.04

haar scaleFactor: 1.3

haar minNeighbors: 3
haar minSize: 30

haar maxSize: 150

</rosparam>

<param name="cascade 1" value="$(find

rbx1 vision)/data/haar detectors/haarcascade frontalface alt2.xml" />
<param name="cascade 2" value="$(find

rbx1_vision)/data/haar detectors/haarcascade frontalface alt.xml" />
<param name="cascade 3" value="$(find

rbx1_vision)/data/haar detectors/haarcascade profileface.xml" />

</node>

<node pkg="face tracker sawyer" name="face follower" type="face follower.py" output="screen">

<remap from="camera_info" to="/io/internal camera/head camera/camera_info" />

<rosparam>
rate: 10
max_speed: 1
min_speed: 0.1
dist_gain: 0.045
speed Kp: 300
speed Kd: 50
x_threshold: 0.01

</rosparam>

</node>
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</launch>

Face Tracker 2 U8 EE:

https://github.com/pirobot/rbx1/blob/indigo-devel/rbx1_vision/nodes/face tracker2.py

Face Follower S f#E -

#!/usr/bin/env python

import roslib

import rospy

from sensor_msgs.msg import RegionOflnterest, Cameralnfo

from intera_interface import head

class FaceFollower():
def init (self):

rospy.init_node("face follower sawyer")

# Set the shutdown function

rospy.on_shutdown(self.shutdown)

# The tate of updating the robot's motion
self.rate = rospy.get param('~rate", 10)
r = rospy.Rate(self.rate)

# The maximum rotation speed (speed range 0-100)

self.max_speed = rospy.get param(''~max speed", 1)

# The minimum rotation speed (speed range 0-100)

self.min_speed = rospy.get param(''~min speed", 0.05)

# Use PD Algorithm to control the robot

self.dist gain = rospy.get param('~dist gain", 2.0)
self.speed Kp = rospy.get param("~speed Kp", 2.0)
self.speed Kd = rospy.get param("~speed Kd", 0)

# Only do some action if the displacement exceeds the threshold
# This can reduce shaking (in percentage format)

self.x_threshold = rospy.get param('~x threshold", 0.01)

# Intialize the head movement command
self.head = head.Head()

self.pan_distance =0

&9
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self.pan_speed =0.1

self.pre_pan_speed =0

rospy.loginfo("Turning the head to the exactly middle...")
self.head .set pan(0, 0.1, 10.0)

# Get the image width and height from the camera_info topic
self.image width =0
self.image height =0

# Set flag to indicate when the ROI stops updating

self.target visible = False

# Wait for the camera_info topic to become available
rospy.loginfo("Waiting for camera_info topic...")

rospy.wait_for message(''camera info", Cameralnfo)

# Subscribe the camera_info topic to get the image width and height

rospy.Subscriber('camera info", Cameralnfo, self.get camera_info)

# Wait until we actually have the camera data
while self.image width == 0 or self.image height == 0:

rospy.sleep(1)

# Subscribe to the ROI topic and set the callback to update the robot's motion
rospy.Subscriber('roi', RegionOflnterest, self.PD_cal)

# Wait until ROI is detected
rospy.wait_for message('roi', RegionOfInterest)

rospy.loginfo("ROI messages detected. Starting follower..."")

# Begin the following loop
while not rospy.is_shutdown():
# If the target is not visible, stop the robot
if not self.target visible:
rospy.loginfo("No visible target!")
else:
# Reset the flag to False by default
self.target visible = False
# Output data for debug
rospy.loginfo("Following the targrt! Moving head to location %f in speed %d",
self.pan_distance , self.pan_speed )

self.head .set pan(self.pan_distance , self.pan _speed , 0.1)
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# Sleep for 1/self.rate seconds
r.sleep()

def PD_cal(self, msg):
# If the ROI has a width or height of 0, we have lost the target
if msg.width == 0 or msg.height == 0:

return

# If the ROI stops updating this, the robot will stay the same

self.target visible = True

# Compute the displacement of the ROI from the center of the image
target offset x = msg.x_offset + msg.width / 2 - self.image width / 2

try:
percent_offset x = float(target offset x) / (float(self.image width) / 2.0)
except:

percent_offset x =0

# Rotate the head only if the displacement of the target exceeds the threshold
if abs(percent_offset x) > self.x_threshold:
# Calculate the pan distance by using P gain only
self.pan_distance -= self.dist gain * percent offset x
# Calculate the pan speed by using PD Algorithm
try:
speed = self.speed Kp * abs(percent offset x) - self.speed Kd * (self.pan_speed -
self.pre_pan_speed )
if speed < 0:
direction = -1
else:
direction = 1
# Constrain the speed in range [min_speed, max_speed]

self.pan_speed = abs(direction * max(self.min_speed, min(self.max_speed,

abs(speed))))
# Store the speed as a previous one for next calculation
self.pre_pan speed = self.pan_speed
except:

self.pan_speed = self.min_speed
self.pre_pan_speed = self.min_speed
#rospy.loginfo("percent offset x=%f,speed=%f,pre pan speed =%d", percent offset x,
speed, self.pre_pan speed )
else:
# Otherwise stop the robot slowly. Here cannot set pan_distance to 0!

self.pan_speed =0.1
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def get camera info(self, msg):
self.image width = msg.width
self.image height = msg.height

def shutdown(self):
rospy.loginfo("'Stopping the robot...")

rospy.sleep(1)

if name ==' main ":
try:
FaceFollower()
rospy.spin()
except rospy.rosinterruptException:

rospy.loginfo("Face following node terminated.")

4.2 FERE

A g 7R 1) /2 Sawyer B4 N FE 1I8h1E. B 68T Kinect KA ZIVRE KEIG, AR50 H
openni_tracker 23 SREUAARXUE ] of AR 4, FRRARFR AR i AR Rl BEAE, #0H Sawyer HL#%
NHR T2 B ¥ e M E, BT Sawyer XTIt 5 Baxter ANFE, 1 H ARG HE CHE) ,
FEEE R RN R R R AT 555, (Rt Sawyer FREEZI/E T BEA KA « ABI{L4E 1] Sawyer
RTPOANOGTT, BPJOL J1. J2 A3,

Lauch X /4:

<launch>

<l!-- Start Sawyer Arm Tracking Based on Kinect -->

<node pkg="openni_tracker" name="openni_tracker" type="openni_tracker" output="screen">
<param name="fixed frame" value="openni_depth_frame" />
</node>

<!-- Fire up teleoperate tweaked-->
<node name="teleoperate tweaked" pkg="sawyer_teleoperation" type="teleoperate _sawyer.py"

output="screen"/>

<!-- Fire up rviz with skeleton frames-->

<node pkg="rviz" type="rviz" name="rviz" args="-d $(find rbx1_vision)/skeleton frames.rviz"/>

</launch>

Sawyer FREEAAS:

#!/usr/bin/env python
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import argparse
import sys
import rospy
import tf2 ros
import math

import numpy as np

import intera_interface
from intera_interface import CHECK VERSION

BASE FRAME ='openni_depth frame'
FRAMES = [

'torso’,

"left _shoulder',

'left_elbow',

'left_hand',

'right_shoulder',

'right _elbow',

'right hand',

]

TEST JOINT ANGLES = dict()

TEST JOINT ANGLES['left'] = dict()

TEST JOINT ANGLES|right] = dict()

TEST_JOINT ANGLES[left][left s07 = 0.0
TEST_JOINT ANGLES[left][left s17= 0.0
TEST_JOINT ANGLES[left][left e0'] = 0.0
TEST_JOINT ANGLES[left][left e1']=0.0
TEST_JOINT ANGLES[left][left w0'] = 0.0
TEST JOINT ANGLES[left][left w1']= 0.0
TEST_JOINT ANGLES[left][left w2'] = 0.0

TEST_JOINT ANGLES[right'][right s0'] = 0.0
TEST_JOINT ANGLES[right'][right s1'] = 0.0
TEST_JOINT ANGLES[right'][right 0= 0.0
TEST JOINT ANGLES[right[right ¢1'] = math.pi
TEST_JOINT ANGLES[right][right w0']= 0.0
TEST_JOINT ANGLES[right][right w1 = 0.0
TEST_JOINT ANGLES[right][right w27 = 0.0

#M34E openni_tracker ‘B LRI AG ) TF WAL FRAZH K i Sawyer JO 2 J4 S&5 I ff
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def get joint angles(user, tfBuffer, test, mirrored):
@param line: the line described in a list to process
@param names: joint name keys
joint_angles = dict()
joint_angles|['left'] = dict()
joint_angles['right'] = dict()

frames = get_frame positions(user, tfBuffer)
if frames is None and not test:
# if there's a problem with tracking, don't move

return None

if test:
# use the hardcoded angles for debugging
joint_angles = TEST JOINT ANGLES

else:
# do the math to find joint angles!
reh = frames['right hand'] - frames['right elbow']
res = frames['right shoulder'] - frames['right elbow']
leh = frames]['left hand'] - frames]['left elbow']
les = frames|['left shoulder'] - frames['left elbow']
rse = np.negative(res)

Ise = np.negative(les)

# find down vector and normals

nt = np.cross(frames|'right shoulder'] - frames['torso'], frames|['left shoulder'] - frames]['torso'])
d = np.cross(nt, frames|'right shoulder'] - frames|'left shoulder'])

rns = np.cross(d, rse)

Ins = np.cross(d, lse)

Ine = np.cross(leh, les)

rne = np.cross(reh, res)

# normalize vectors

reh = reh / np.linalg.norm(reh)
res = res / np.linalg.norm(res)
leh = leh / np.linalg.norm(leh)
les = les / np.linalg.norm(les)
rse = rse / np.linalg.norm(rse)
Ise = Ise / np.linalg.norm(lse)
nt = nt / np.linalg.norm(nt)

d =d/ np.linalg.norm(d)

rns = rns / np.linalg.norm(rns)
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Ins = Ins / np.linalg.norm(Ins)
Ine = Ine / np.linalg.norm(Ine)

rne = rne / np.linalg.norm(rne)

# do the math to find joint angles M Fi PR £ 2z FAF R M, Sawyer (IR AE
joint_angles|['left']['left jO'] = np.arccos(np.dot(nt,Ins)) - math.pi/5.0 # was + 0.0
joint_angles|'left']['left j1'] = np.arccos(np.dot(d, Ise)) - math.pi/2.0
joint_angles|['left']['left j2'] = np.arccos(np.dot(nt, Ine))

joint_angles|['left']['left j3'] = math.pi - np.arccos(np.dot(leh, les))
joint_angles|'left']['left j4'1=0.0

joint_angles|'left']['left j5'71=0.0

joint_angles|'left']['left j6'T=0.0

joint_angles['right']['right jO'] = np.arccos(np.dot(nt,rns)) - math.pi*7.0/8.0 # was - pi
joint_angles['right']['right j1'] = np.arccos(np.dot(d, rse)) - math.pi/2.0
joint_angles['right']['right j2'] = np.arccos(np.dot(nt, rne)) - math.pi
joint_angles['right']['right j3'] = math.pi - np.arccos(np.dot(reh, res))
joint_angles['right']['right j4']=0.0

joint_angles['right']['right j5'71=0.0

joint_angles['right']['right j6']=0.0

if mirrored:
return joint_angles

else:
# this is the default option, where the teleoperator's
# left/right arm corresponds to the robot's left/right arm
unmirrored = dict()
unmirrored|['left'] = dict()
unmirrored['right'] = dict()
unmirrored|'left']['left jO'] =joint angles['right']['right jO']
unmirrored|'left']['left j1'] =joint angles['right']['right j1']
unmirrored|['left']['left j2'] =joint angles[right']['right j2']
unmirrored|'left']['left j3'] =joint angles['right']['right j3']
unmirrored|['left']['left j4'] = 0.0
unmirrored|['left']['left j5'7 = 0.0
unmirrored|['left']['left j6'] = 0.0
unmirrored|['right']['right jO'] = joint angles|['left']['left jO']
unmirrored|['right']['right j1'] = joint angles['left']['left j1']
unmirrored|['right']['right j2'] =joint angles['left']['left j2']
unmirrored|['right']['right j3'] =joint angles['left']['left j3']
unmirrored|'right']['right j4']1=0.0
unmirrored|'right']['right j5'71=0.0
unmirrored|'right']['right j6']=0.0

return unmirrored
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# ERANR R TF W, 1535 AR R AL E
def get frame positions(user, tfBuffer):
frame_positions = dict()
try:
for frame in FRAMES:
transformation= tfBuffer.lookup transform(BASE FRAME, "%s %d" % (frame, user),
rospy.Time())
translation = transformation.transform.translation
pos = np.array([translation.x, translation.y, translation.z])
frame positions[frame] = pos

except (tf2_ros.LookupException, tf2 ros.ConnectivityException, tf2 ros.ExtrapolationException) as

print "Problem with kinect tracking."
print e
return None

return frame positions

def teleoperate(rate, user,test, mirrored):
Teleoperates the robot based on tf2 frames.

(@param rate: rate at which to sample joint positions in ms

nnn

rate = rospy.Rate(rate)

# TODO: make these attributes of a class
tfBuffer = tf2_ros.Buffer()

listener = tf2_ros.TransformListener(tfBuffer)

#left = intera_interface.Limb('left')
right = intera_interface.Limb('right")

while not rospy.is_shutdown():

rate.sleep()
joint_angles = get joint_angles(user, tfBuffer, test, mirrored)
print joint_angles
if joint_angles is not None:
#left.set joint position speed(.7)
right.set_joint position_speed(.5)
#left.set joint positions(joint angles['left'])
right.set_joint positions(joint_angles['right'])

print "updated positions"

print "rospy shutdown, exiting loop."

96




'k WART]  moewsr Apim Sawyer JF ST

return True

def main():
Note: This version of simply drives the joints towards the next position at
each time stamp. Because it uses Position Control it will not attempt to
adjust the movement speed to hit set points "on time".
arg_fmt = argparse.RawDescriptionHelpFormatter
parser = argparse.ArgumentParser(formatter class=arg fmt,
description=main. _doc_ )
parser.add_argument(
"-r', '--rate', type=int, default=10,

help='rate to sample the joint positions'

parser.add_argument(
-t', '--test', type=bool, default=False,
help='use hardcoded test joint angles'
)
parser.add_argument(
"-u', --user', type=int, default=1,

help='kinect user number to use'

parser.add_argument(
'-m', '--mirrored', type=bool, default=False,
help='mirror the teleoperators movements'

)

args = parser.parse_args(rospy.myargv()[1:])

print("Initializing node... ")
rospy.init_node("teleoperation")

print("Getting robot state... "")

rs = intera_interface.RobotEnable(CHECK VERSION)

init_state = rs.state().enabled

def clean_shutdown():
print("\nExiting...")
if not init_state:
print("Disabling robot...")
rs.disable()

rospy.on_shutdown(clean_shutdown)
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print("Enabling robot... ")

rs.enable()

teleoperate(args.rate, args.user, args.test, args.mirrored)

if name ==' main ":

main()

4.3 ¥R

A R AR BT TR Sawyer BEAT AN, 650 Sawyer FEMATAL 5 m#, 1% TR
SEFLAICSRAE S P IR s IS ICERGS, BUR 1% P o8 LA RO 20 /e, BRI A 7 4%
AN 55 TRAT NSO, B TE P S PATRIRIS BIAE S P, N IXE B E Sh R PR, Al Blik
B2 AT EIRAES GEBUES M) Bl B iE sl s BUE S -

RAGFRRE:

#!/usr/bin/python

# -*- coding:utf-8 -*-
import collections

from copy import deepcopy
import rospy

import tf

import cv2

import cv_bridge

import rospkg

import tf

from geometry msgs.msg import (
PoseStamped,
Pose,
Point,

Quaternion,

from std_msgs.msg import Header
from sensor_msgs.msg import (

Image,

JointState,

import intera_interface
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Sawyer JT KB F

from intera_core msgs.srv import (
SolvePositionlK,

SolvePositionIKRequest,

class RecordPlay(object):
def init (self, limb):
self. _rp = rospkg.rosPack()
self. images = (self. rp.get path(‘'sawyer record play') +
'/share/images")
self. path = self. rp.get path('sawyer record play') + '/config/
self. side = limb

self. limb = intera_interface.Limb(limb)

dash_io =intera_interface.DigitallO(limb + ' upper button')
circle_io = intera_interface.DigitallO(limb +' lower button')

navi_ok io=intera_interface.DigitallO(limb+ ' button ok')

selfirecord_jp = dictQ#iC KB 1T AL, KRTHEH R — i, —4H 7 K RME

self.gripper_status=dict(y#1C 5% B 15 mU M. R TOIR S

self.finished=False
#counter for how many locations recorded in run time
self.locationsTotal=0

self. gripper = intera_interface.Gripper(limb)

self. gripper.calibrate()
self. gripper.set_holding_force(100.0)
print "Gripper calibrated!"

ik_srv ="ExternalTools/" + limb + "/PositionKinematicsNode/IKService"

self._iksvc = rospy.ServiceProxy(ik srv, SolvePositionIK)
self. _ikreq = SolvePositionIKRequest()

# EAFRAE S, PATHRAESS
circle io.state_changed.connect(self. recordLocation)# it =% #5475
dash_io.state_changed.connect(self. toggleGripper)# < )[\ /15 1] i

navi ok io.state_changed.connect(self. finishRecording)#4% Hi{T%%

#RTTTE V)
def toggleGripper(self,value):

if value:
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if self. gripper.get position()==0.0 or self. gripper.is_gripping()==True :
self. gripper.open()
print 'gripper opened'

else:
self. _gripper.close()

print 'gripper closed'

HELRAT 55
def finishRecording(self,value):
if value:
self.finished=True
filename = self. path + self. side +' poses.config'

self. save file(filename)

HIC SRR R
def recordLocation(self,value):
if value:
self.locationsTotal +=1
locationMsg = "Recording location " +str(self.locationsTotal )
print locationMsg
self.record_jp[self.locationsTotal] = self. limb.joint angles()
self.gripper_status[self.locationsTotal] = self. gripper.get position()
locationRecordedMsg = "Location " +str(self.locationsTotal ) + " recorded
successfullly!\n\n"
print locationRecordedMsg
print ("Move Sawyer's %s arm into a location you want\n"
"- press dash button to toggle gripper open and close\n"
"- press Circle button to confirm\n"
"- press OK button from arm's Navigation button group to end
Teaching/Recording\n"
% (self._side,))

HEL T 55 3
def read file(self, file):
with open(file, 't') as f:
for line in f:
split = line.split('=")
location = split[0]
prefix = location.split(" ")[0]
position = split[1]
if ' location' in location:
self.record jp[int(prefix)] = eval(position)

elif ' gripper' in location:

self.gripper_status[int(prefix)] = eval(position)
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HIRAFAT 55 AT
def save file(self, file):
print "Saving your positions to file!"

f = open(file, 'w")

for prefix in range(1,self.locationsTotal+1):
f.write(str(prefix) + ' location='+ str(self.record_jp[prefix]) + '\n')
fowrite(str(prefix) + ' gripper='+
str(self.gripper_status[prefix]) + "\n')
f.close()

#Z& AL HAR R S HUd R
def get locations(self):
good_input = False
while not good_input:
self.read_file = raw_input("Would you like to use the previously "
"found pick and place locations (y/n)?")
if self.read file !="y' and self.read file !="n":
print "You must answer 'y' or 'n""'
elif self.read file =="y':
filename = self. path + self. side +' poses.config'
self. read file(filename)
good_input = True
else:
print ("Move Sawyer's %s arm into a location you want\n"
"- press dash button to toggle gripper open and close\n"
"- press Circle button to confirm\n"
"- press OK button from arm's Navigation button group to end
Teaching/Recording\n"
% (self._side,))
while not self.finished and not rospy.is_shutdown():
rospy.sleep(0. )#Z ZH2, G145 AL (5 T4 A Al &
#waiting for all locations to be recorded

print ("All location recorded!")
good_input = True

BB B E R AL IFIRIEFAHT I 5 R MR
def move ToLocation(self,jp,gripperStatus):

self. limb.set joint position_speed(0.2)

self. limb.move to joint positions(jp)

self. gripper.set position(gripperStatus)
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HEATHETBUESS
def play procedure(self):
for prefix in range(1,len(self.record jp)+1):
print "Location " + str(prefix-1) + " ----- >> Location " + str(prefix) +"\n"
self.move ToLocation(self.record jp[prefix],self.gripper_status[prefix])

print "Arrived at Location "+ str(prefix) + " successfully!\n"

def main():

rospy.init_node("rsdk sawyer record play")

rs = intera_interface.RobotEnable()
print("Enabling robot... ")

rs.enable()

pp = RecordPlay('right’)
pp-get_locations()
pp-_gripper.open()

#how many times do you want to play the recording procedure
play loops =2

play_count=0

while play count<play loops and not rospy.is_shutdown():

pp-play_procedure()
play_count+=1

if rospy.is_shutdown():
pp-_gripper.open()

" "

if name ==" main ":

main()
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