ROS2 & IE Y 2 T HAE RGN A Z [ B IR A R G B R A R

S fr B 1 D) B L A R 1 g A A L2 IR B AR A 2L A T RE 0 BAT LR O 11T B G

R AT B ROS2 W4 ik X — 2855 =0y T H P MR X FF. 5 ROS [A #,

ROS2 1 5 28T H AR AE L& AW A G AU S 3. AT A 48 ROS2 34 328§

HEE = J5 JBE . AL $5 orocos _kinematics _dynamics, POCO, urdfdom. vision opencv., PCL,
Movelt &, ixX $EFE /& ROS # i T. 527,

3.1 orocos_kinematics_dynamics J4

orocos_kinematics _ dynamics {&K i T 1 OROCOS Il H 43 k& Wiz 3l 2% M 3 J1 2% &
(KDL) , EJ&—F#i C++F1 pykdl B0 5 M, Hrh pykdl 4 & 4 i # Python 4 5E .
KDL BA T2 3R U B DT B 55 50 iS4 s HEZE . KDL SCRR3h J1 22 2 8 Can it 3¢
Friz g2 M gh J1 5ok i as JBiatiz 3 iz sh il . KDL BAT SR 2 4R D) 6e ] {3k 76 6
FE BB ) 58 AR 55 . BR K 2 4h, KDL if 3 £ Python 2, 32 Ff OROCOS/RTT [
Typekits #l transport-kits, °] 4£ i 3] ROS, orocos_kinematics_dynamics H {j &k F 4 34k
A&, 5P LGPL ¥ ikl U Git T3,

1. orocos_kinematics dynamics 451 IhiE

1) 455K . Eigen2.Sip 4. 7. 9.Python.Cmake 2.6

2) ¥ #HE4 . Linux,Windows,Mac

3) TR

(1) i | ament 7£ ROS # 7R E TS .

TSR ament, QA H R AT 0T Ar 4

mkdir —p ~/ros2_ws/src

cd ~/ros2_ws

(2) TF#EAH,
e L B WA 45 ) T
AT ZEE  PAT I T a4

ves, Al A £ % https://github. com/dirk-thomas/vestool

sudo sh — ¢ 'echo "deb http://packages. ros. org/ros/ubuntu $ (1lsb_release — sc) main" > /etc/
apt/sources. list.d/ros — latest. list'
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sudo apt — key adv —— keyserver hkp://pool. sks — keyservers. net —— recv — key 0xBO1FA116
sudo apt — get update
sudo apt — get install python — vcstool

(3) ZFARMIEL - FRAT AT fir %>

sudo apt — get update

sudo apt — get install git wget

sudo apt — get install build — essential cppcheck cmake libopencv — dev libpoco — dev
libpocofoundation9v5 libpocofoundation9v5 — dbg python — empy python3 — dev python3 — empy
python3 — nose python3 — pip python3 — setuptools python3 — vcstool

sudo apt — get install clang — format pydocstyle pyflakes python3 — coverage python3 — mock
python3 — pep8 uncrustify

sudo apt — get install libboost — chrono — dev libboost — date — time — dev libboost — program —
options — dev libboost — regex — dev libboost — system — dev libboost — thread — dev

sudo apt — get install libboost — all — dev libpcre3 — dev z1iblg — dev python — empy python — pkg
— resources

mkdir —p ~/ros2 ws/src

cd ~/ros2_ws

wget https://raw.githubusercontent.com/ros2/ros2/release — latest/ros2. repos

ves import src < ros2. repos

(4) F 2k ament RS, AT AN R 74>

ves import ~ /ros2_ws/src < ros2. repos

(5) TFIR % AT I T fir 2>

$ src/ament/ament tools/scripts/ament.py build —— build - tests —— symlink — install

St 16 5¢ WA TR T 4 T

src/ament/ament_tools/scripts/ament. py test

(6) BB, ament Zi % 58 BUS , B A 7 B9 SCAEAR LR ros2_ws TAEH T

i install SCHFe BLA= BEAY A 75 bin SCPFJETR o AR B 78 28 i i) i 3 26 iy 4 L 75 200 B 3R
BeAR R PRAT AT fir %

install/local setup.bash

() SRPRE C I TIREAD . 46 B4R PRI AR S & 5] ros2_overlay_ws H 3t A3 101 F

cd ~/ros2_overlay ws
ament build —-— cmake — args — DCMAKE BUILD TYPE = Debug

i PE5E WUE WA TE TAE ™ A — install SCfF, B B 5% 458 FI 2 11 4 15 ament fip
A — R BT T A SRR R A R JR 1B AT B AT AR T AE overlay TAEIX .,

2. 223 orocos kinematics dynamics

## A orocos_kdl H#, #7474 : mkdir < kdl-dir »/build; cd < kdl-dir >/build., 3 zh
ccmake, 1R I 2B, PifT 4 . make; make check; make install,
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3.2 POCO )

fifi ## 2 4 1 (Portable Components, POCO) JE & — A C++ JEHE A FE S LT Java
KSR, NET HEZE . i #5 04 1F 3 20t 28 70 38 3 09 52 B ) R, 58 445 =X 20 1 )2
100 0325 ANSI/ISO C++ppifi, e T B 583 T Cr ARt/ STL, i B Al B AH . AT 7E A
MRS5S R -6 EAEA .

POCO(Version POCO C++Libraries 1. 9. 0-all) 5 23 25 C++FrifEJE , 3f H E 4 C++ 4R
HERERF 22 HIRE. POCO M L2 ol 1 VB F- 6 19 CH+ BT e, ik L&
BBt i POCO C+ FEBEM K M4 R T & 80 . POCO |y 4 A% 0 FE FL Z2 A~ B 22 20
. B PEALAE SE AR XML UTL fl NET FE. B4 B J& NetSSL I Data. NetSSL
I 4 P v (g T 4 2R Bt SSL 324§, T Data i W& — A48 — Ji [a] K W] SQL 048 22 1
POCO By H By 248 1 LA R 28 hy it 18 V85 7 5 1 C+ BRI & fdaly e 0 T AR I3 1 o A2 47
] BRL AT R

1. Bt

JLAl 7 (The Foundation Library) & POCO WLy, BESEETEZE, UINE L
FH T HZSR R B, FEml A 3 B AR A hy T T o B A 5 Ak 1 R R 3 1 S ) T AL i it
THZHTHNAE NS AR TS E R Re 48 41 T 22 oh I BRI N A 1y 26
POCO 4 5 V5 2 F4F Hh AL BRI BE  H A A 4548 59 45 8 BT AN X0 KON Y LG 350R 52 491 7
i, POCO 3ZHF Unicode SCAL AT LA LLA 7] ) 5 45 4 5 (4245 UTE-8 Fl UTF-16), 37 §F
# AL A A B 5. B BRI T B T PCRE J% Chttp://www. pere. org) Y iE | & 35 50,
POCO ik $2 {1t Ak 125 Fift F YIRS (8] (14928 97 (7] SCPFAYSE . 4l Poco: : File ,Poco: : Path,Poco: ;
Directorylterator,

TEVE Z2 0 o s o JH AR Ty PR A5 22 TR S RS i A Ak, B Y R GE fE . POCO 4 it
Poco: ;: NotificationCenter,Poco: ;: NotificationQueue F1 2 {4 {fi £5 i FI AR 7 P9 &8 5 AH 18 H0IR
SANBRAER A S o TR 7R B 7S ] 5 J POCO 34 5¢ i JH 2y 8 A5 . 7
XA A SRR 2 — A public /Y theEvent S5, B HA int BRIW S5, iTH
J5 T LASE 2ok 9 F < BRAE AT 4 =R 0T B L 38 o e 4R A= O T B O 3T B o R AL
3B A 1) 0 R 8 AT AR ) R 51 R B R AT . SR e] RUE 5 9 ] operator O R fil & . 31X i
775 Source: : fireEvent O F1 B i 4821 . POCO A1 Poco: : BinaryReader 1 PoCO: :
Binary Writer ¢ — i §il 8048 5 A - [ 3137 W] Hb Ak 35545 50 1) 24

# include "Poco/BasicEvent. h"

# include "Poco/Delegate. h"

# include < iostream>

using Poco: :BasicEvent;

using Poco: :Delegate;

class Source

{
public:
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BasicEvent < int > theEvent;

void fireEvent(int n)
{
theEvent(this, n);
}
}i
class Target
{
public:
void onEvent(const void * pSender, int& arg)
{
std: :cout << "onEvent: " << arg << std::endl;
}
¥
int main(int argc, char ¥ * argv)
{
Source source;
Target target;
source. theEvent += Delegate < Target, int >(
&target, &Target::onEvent);
source. fireEvent(42);
source. theEvent —= Delegate < Target, int >(
&target, &Target::onEvent);
return 0,

}

BEXE R 4 1) 2 AR N AR 7 b R A R AR R 915 0 . POCO #2445 T 1R 4011 H &
5. POCO 1y H A HESRAR 5 K H w47 & . & SRRk AN [a) 3 1 19 2o 0 3% by 70 B 753 B A A%
KAk, HEHBW S AR G X Windows FF H & VUNIX R4 H sy 47 i 72 5 ™)
%, WARMA POCO #RALM(FE AR R AR S FHH 289 e HAEMESR .  TAES Tan
FAE AR I, POCO #2435l POCO: : SysDeLab 25 FE2 . & POCO: : class fN#% #%2%
BN S FEHE R, VP sh A IR HI i) C++ 25,

POCOHEZEWR M Z LM S . 45 LB KA 5 1y A 2 5 (POCO: : Mutex,
POCO: : ScopedLock ,POCO; : 4}, POCO: : {55 ., POCO: : RWLOK) , 4§ POCO: .4
T Sl 2 T X 2 B ) AR b AE B, AR R AR X 5 . WG B X R AE H O AR BT Oy i XA
- 5 A0 Y R B T A R RE . R T R 0 s T el 7E POCO v 52 38 55 28 1 51 ok 450
M. ActiveAdder 2878 X T —A> add( ), HHAK DI GE HH addImpl € ) 528, 7€ 3= oR £ b 8
add( ), HiR 7] 5 Poco: : ActiveResult,

# include "Poco/ActiveMethod. h"
# include "Poco/ActiveResult.h"
# include < utility>

# include < iostream >

using Poco: :ActiveMethod;

using Poco: :ActiveResult;

class ActiveAdder

{
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public:

ActiveAdder(): add(this, &ActiveAdder: :addImpl)

{

}

ActiveMethod < int, std::pair<int, int>, ActiveAdder > add;
private:

int addImpl(const std::pair < int, int> & args)

{

return args. first + args. second;
}
}i
int main(int argc, char x * argv)
{
ActiveAdder adder;
ActiveResult < int> sum = adder.add(std: :make pair(1l, 2));
// do other things
sum. wait();
std: :cout << sum. data() << std::endl;

return O,

}

2. XML [

POCO f§ XML FEh XML A3 3, Ab 3 A 4 5 S 4l S K. XML FE 3 F JF I8 XML f#
Wres g ExpatChttp://www. LibExab. org)., XML JEffi ] STD.: ;String &b ¥ 45 &, Horp
FAERA UTF-8 4t X ffifh XML FE 5 5 FH R T 00 H A 7 15 5 5 {5 . POCO 19
XML P37 He A7\ b5 i SAX (R A 2) #1 DOM #: 1, SAX J& XML #9 & #2 APIChttp.//
www. xxPosij. org) 8 X T — A3 FH A H 0 3 XML, SAX # 0 # 7 ExpAt Z
L DOM SZE M 3 7E SAX 00 2 |, T SAX By XML f# A7 #8152 it XML SCRY , JF 78 18 3|
TR VAT ECHE B N AR Y . SAX BT 8 AT 2N S8 B XML SCRY 4R 2] N A7 L 1A
UL AT LAAT 4 A B K A XML SCF. A EEZ R - DOM CCRY X G474, hetp: //www., W3,
OR/DOM/) i FIR % X 42 )2 R 25 44 S i R 33k 7 XML SC#% ., POCO #2415 DOM fig: At
ar AR A SCRY AR BTN A7 . R T B> DOM SCRY 9 N A 5 . POCO DOM 52 34
TR A A T 3R RIS T 24 R A A B B A R

3. Util E

Uil AL & — A T 8 i 2 47 AR 55 45 2 FH R 7 i HE 28 L 4235 4b Bl 4 47 2 80
UE S5 O R M) A AL E S B . SRS IR A I B SO A% L 3 Windows KA 1
ini SCF A Java KUKS 19 JE Mk SCHE XML SO, X T IR 45 % 0 R Y . % HE 22 N
Wmmmw%ﬁUMX$ﬁﬁﬁ%&ﬁ%i%o

. MEE

MKOMH%EQMhmmﬁ@ﬁ%%%?ﬂ%%ﬁmﬁﬁ AR T . S PR IR
FALE BT LR TCP AR S 28 B35 UDP £#:5 2 £ 7 ICMP i i £ 4
Fo RN AR YR EL2EE T, T UJHH NETSSL &, NETSSL J# ffi | OpenSSL 52
M., HTTP IR % 2 L W T 2 4 POCO: :NET: : TCPServer 2% & H T H#HES, 7EK 7
Ui o P2 PESR AL T 5 HTTP iR 55 4828 B2, FH FTP Bk % Fn 4 W s o Al SMTP
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Ik MR B, F POP3 AR 55 2% 42 W R 4 .

5. EF POCO ELIE £ HTTP iR & =5

T s BE s A POCO PESE SR B HTTP IR 55 % . Ik 55 2 & 0] & 7R XS | H 9] A
BFE B HTML Sc#., HTTP R4 S5 HEZL 5 X TimeRequestHandler A FAb PRIk 55 i
WAL 2 B WA E ) HTML SCR . X PR E R H B IDRIE RN A, k5
FRHEZR R A T T i, i TimeRequestHandlerFactory =4 TimeRequestHandler /E
KT — A S, 58 3k A 7% defineOptions (), HTTPTimeServer 5 X T fir 247 2 5L,
HTTPTimeServer A] L2 R IABE & SOOI H o] LIZE HTTP Iz 55 % )3 3 i 48 B main O /1
1) T e Pk

# include "Poco/Net/HTTPServer. h"

# include "Poco/Net/HTTPRequestHandler. h"
# include "Poco/Net/HTTPRequestHandlerFactory. h"
# include "Poco/Net/HTTPServerParams. h"

# include "Poco/Net/HTTPServerRequest. h"
# include "Poco/Net/HTTPServerResponse. h"
# include "Poco/Net/HTTPServerParams. h"

# include "Poco/Net/ServerSocket. h"

# include "Poco/Timestamp. h"

# include "Poco/DateTimeFormatter. h"

# include "Poco/DateTimeFormat. h"

# include "Poco/Exception. h"

# include "Poco/ThreadPool. h"

# include "Poco/Util/ServerApplication. h"
# include "Poco/Util/Option. h"

# include "Poco/Util/OptionSet. h"

# include "Poco/Util/HelpFormatter. h"

# include < iostream>

using Poco: :Net: : ServerSocket;

using Poco: :Net: :HTTPRequestHandler;
using Poco: :Net: :HTTPRequestHandlerFactory;
using Poco: :Net: :HTTPServer;

using Poco: :Net: :HTTPServerRequest;

using Poco: :Net: : HITPServerResponse;
using Poco: :Net: :HITPServerParams;

using Poco: : Timestamp;

using Poco: :DateTimeFormatter;

using Poco: :DateTimeFormat;

using Poco: : ThreadPool;

using Poco: :Util: :ServerApplication;
using Poco: :Util: :Application;

using Poco: :Util: :Option;

using Poco: :Util: :OptionSet;

using Poco: :Util: :OptionCallback;

using Poco: :Util: :HelpFormatter;

class TimeRequestHandler: public HTTPRequestHandler

{
public:
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TimeRequestHandler(const std: :string& format): format(format)
{

}

void handleRequest(HTTPServerRequest& request,

HTTPServerResponse& response)

Application& app = Application::instance();
app. logger( ). information("Request from "

+ request.clientAddress().toString());
Timestamp now,;

std: :string dt(DateTimeFormatter: : format(now, format));

response. setChunkedTransferEncoding(true);
response. setContentType("text/html");
std: :ostrean& ostr = response. send();
ostr << "< html >< head>< title > HTTPTimeServer powered by "
"POCO C++Libraries </title>";
ostr << "< meta http — equiv = \"refresh\" content = \"1\"></head>";
ostr << "< body><p style=\"text —align: center; "
"font - size: 48px;\">";
ostr << dt;
ostr << "</p></body ></html >";
}
private:
std: :string _format;
¥
class TimeRequestHandlerFactory: public HTTPRequestHandlerFactory

{
public:
TimeRequestHandlerFactory(const std: :string& format) :
_format(format)
{
}
HTTPRequestHandler * createRequestHandler(
const HTTPServerRequest& request)

if (request.getURI() == "/")
return new TimeRequestHandler( format);
else
return 0;
}
private:

std: :string _format;

i

class HTTPTimeServer: public Poco: :Util: :ServerApplication
{
public:

HTTPTimeServer(): helpRequested(false)

{

}
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~HTTPTimeServer( )
{
}
protected:
void initialize(Application& self)
{
loadConfiguration();
ServerApplication: :initialize(self);
}
void uninitialize()
{
ServerApplication: :uninitialize();
}
void defineOptions(OptionSet& options)
{
ServerApplication: :defineOptions(options);
options. addOption(
Option("help", "h", "display argument help information")
.required(false)
. repeatable(false)
. callback(OptionCallback < HTTPTimeServer >(
this, &HTTPTimeServer: :handleHelp)));
}
void handleHelp(const std: :string& name,

const std: :string& value)

HelpFormatter helpFormatter(options());
helpFormatter. setCommand(commandName( ) ) ;
helpFormatter. setUsage("OPTIONS");
helpFormatter. setHeader (

"A web server that serves the current date and time.");
helpFormatter. format(std: :cout);
stopOptionsProcessing() ;

_helpRequested = true;
}
int main(const std: :vector < std: :string> & args)
{
if (! helpRequested)
{
unsigned short port = (unsigned short)
config().getInt("HTTPTimeServer. port", 9980);
std: : string format(
config().getString("HTTPTimeServer. format",
DateTimeFormat: : SORTABLE FORMAT) ) ;

ServerSocket svs(port);

HTTPServer srv(new TimeRequestHandlerFactory(format),

svs, new HTTPServerParans);

srv. start();

waitForTerminationRequest();

srv. stop();
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return Application: :EXIT OK;
}
private:
bool _helpRequested;
}i
int main(int argc, char * % argv)
{
HTTPTimeServer app;

return app. run(argc, argv);

3.3 URDF

URDF ffi ;i XML #£ ROS i if WL 25 A B, ROS 1y URDF I fig 3 A &% — 4
URDF ) C++fi o5 . URDF 324 BSD {F ] il .

3.3.1 URDF i&E#3E

URDF ff Jfl XML 7 ROS i 38 HL 25 A8, URDF fff {1 322 XML JC R A4 link,
transmission.joint,gazebo.sensor.model state.model ¢, HiEEMEUIT .
1. link

link JLER IR T IEFT A2 s A3) S 451k . link 7 EANE 3-1 Fro .

B 3-1 link m=E

link 7861 40 F FF 7 o

< link name = "my link">
< inertial >
<originxyz="000.5" rpy="00 0"/>
< mass value="1"/>
< inertia ixx="100" ixy="0" ixz="0" iyy="100" iyz="0" izz="100" />
</inertial >
<visual >
<origin xyz="00 0" rpy="000" />
< geometry >
<box size="111" />
</geometry >

< material name = "Cyan">
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<color rgbha="01.01.01.0"/>
</material >
</visual >
<collision>
<origin xyz="00 0" rpy="000"/>
< geometry >
<cylinder radius="1" length="0.5"/>
</geometry>
</collision >
</link >

2. transmission

transmission 52 T B Hl sh#s M9 2Z (7] & £ 4 URDF §7 &, transmission X 35 14
HHCRPATEFFOBEE . transmission Z8#e TAE /L&t (A BT I RAFF AL, 24
sl il LUl 2 e i i B 2K,

transmission JGZ& /R8BI U0 T BT .

< transmission name = "simple trans">
< type > transmission interface/SimpleTransmission </type>
< joint name = "foo joint">
< hardwareInterface > EffortJointInterface </hardwareInterface >
</joint >
< actuator name = "foo motor">
< mechanicalReduction> 50 </mechanicalReduction >
< hardwareInterface > EffortJointInterface </hardwareInterface >
</actuator >

</transmission>

3. joint
joint 7R T 1Y B B 5 M B J1 FHEPE L IF Bab 48 8 T iy 2 iR,
joint JCE WY 7R G40 T F7R o

< joint name = "my joint" type = "floating">
<originxyz="00 1" rpy="0 0 3.1416"/>
< parent link="linkl"/>
<child link = "1link2"/>
<calibration rising="0.0"/>
< dynamics damping ="0.0" friction="0.0"/>

< limit effort ="30" velocity="1.0" lower="—2.2" upper="0.7" />
< safety controller k velocity="10" k position = "15" soft lower limit="-2.0" soft_
upper limit="0.5" />
</joint >
4. gazebo
gazebo JU AR fli B KA RRME L AN BHLJE (B 4 A
5. sensor

sensor JG 2 ] $f A A% AR 0 AR | Ul A 90 8 45 B B (IR AL /e AL RGBS ) I JE AR
bk,
sensor JGZ i iR AR LAY 7= B U0 F B



