LR SRHE BTN TV-E
Lecture 3: #23hiHlds A1z sh=A 18 5 i H

FAREI: Kag, ER)I 2022 K%

1 FBahplgs AR unicycle j@gl)2FiiRd

B HLEE AR 2 B P MBS AT — , 414 1 S B kgt S (R
0 B RSB TS ) o T E B R o, ML TR B 1 A T
FOGEFEE RS, DAl 1 B e, b ). AIZEATRL r e b, (A s
MO, JETT IR, T H MR

TR AL RO R, Tl T T AT L. LA
() HORERLTE 340 IR - 12 52 B RIZ) Jp2 B . B2
TR AR LA M RS 2 [ R, SRR T b i
A, I AT AR R 5 5 T2 ) SR 3 L
BAGE. HUE. MRS ) AR, A
SRR A A, W By B 55

LN I BB h, SlR RIS BB ) 5, W RS

Figure 1 [y FEEORIFRRER (X T RiE 8 R o, 953

), FFRATR AT P L2 AR I2 B AT L HEA T

SRR B Fig, BFTR. 3o, AR R S AL E AT [, )T, PRI 0, BT
KL 6, ARG 802 MIEORE B0 L. JGZEh2A i A2 BREAY < J5¢ 4200 (nonholonomic
constraint): I T4 17 16 R AR, B XHE AR ORI, A7

Zsinf —ycosh =0,

T X R A R, A

%(m + Lcos®)sin(f + ¢) — %(y + Lsin®)cos(0 + ¢) =0
FATRT AL, T F oy J7 R0 2 AR 5 B 2 3
T =wvsind,
1 = vcost,
. vtan¢
0= I

Hrb, v BJRRME L. XA, BAIERER o CERmT]) MEe %A o.
ARG NARENERSE, RS, JUHETRREm 0 d1 v 71 ¢ IEFPE. N 1 R fldi
i, e shLgs A, AT T a0 Fig. BIIR&SpILas A, B IR R AEE AW . XL
AR ZEH AL N, His sl
T =wvsin#,
9 = vcosb,

0 =w,
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Figure 2: 44 ic A

Figure 3: Unicycle Hlg§ AfEZY
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RXBRALAR AT VA 7 Ml i 1 e T RO BERE I, SCBLARHEE o MIAERIE w BYSZ IR, X
ﬁﬁiﬁﬁ%’éﬂﬁ’ﬂﬂ%&)\ﬂW\Tﬁ(%?&é}%ﬁfi v NIRRT eSS ;X2 Fig. Rl A TG iE)
. AREET, FEFIE Fig. BRI

FEB M N s B, TR M I SR AT A ELGE I ARRATIAE iR i sy v
ARG w, 1
|:COS€ 0
. v
= |sinf O [}—I—w,
w

0 1

X =

x
Y
0

f(Xu)
Hp, Elw] =0, cov(w(r),wr)) =d(m1 — )Q,
(1 — 1) = {;: ﬁf‘;ﬁ -
N T BN S FIANLEE NiB 3228, FAT 17720 Ht

AT BHUE . BA B t, %S
tir1 NZIZ FRPLE NRSERFFAZE, B f(X(7),w(T)) = f(X (), u(te)), "HF

X(tper) = X () + /t T uendr+ [ wrdr

173

~ X (t) + /t X (), ulte))dr + /t T w(r)dr

~———
wy,

= X (tr) + (tr1 — ti) (X (), ulty)) + wg,
Hrf Elwg) = [ Elw(r))dr = 0 I H.

tk1+1 tk2+1
/ w(ﬁ)dﬁ/ w(Tz)d7'2]
ty thy
lhg+1  fthy+1 lhog+1  flry+1 -
= / / Elw(m)w(re)|dridr| = / / d(m1 — 12)Qdm1dTo

_ ) (k= t)Q = Q. Yk =ky =k
0, HoAth '

WTLPERGM T, AT DA SRS ) B ik A -
@ = Az + Bu+w

i tet1 5 trt1
m(tk—i-l) :eA(tk+1tk)£U(tk)+/ A(tk+1 s B’LL d8+/ tk+1 S dS
122

cov(wg,, wg,) = E

5 t _ ¢
T(tpy) e et —t) U A T At —s) s)d
k1) R € x(ty) + TBu(ty) + s,
Vv 0 7%
A
B

Wi
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Heft, Elwy) = [ Ao —9)E[w(s)]ds = 0, HA

ty
tey41 - thgt1 -
/ eA(tk+1Tl)’u}(7'1)d7'1/ eA(thrliTQ)UJ(TQ)dTQ
tkl

t’vz

cov(wy, , Wk,) = E

k1

t t . ~
[/ ko+1 k1+1 (tk+1Tl)E[w<Tl)w(T2>]eAT(tk+1TQ)dTldTQ]
th t

[ tk2+1 tk1+1 ~

tr tk,

(tk+1—7'1)5(7—1 _ TQ)QeAT(tk+1_T2)dT1dT2]

1

g’““ b eASQeA *ds == Qp, Rk =k =k,
HoAth.

_ 0 1] . _
Qu sz, A=) ol & -n=an, 0= |1 2| win
Op = /At'c eAsQeATs 45 — /At’“ {(h +2¢25 + q35° g2+ Q38] ds — [QIAtk + Q2Af{% + 3BAE @Al + 3g3AL, '
0 0 q2 +q3s q3 @A + 530t q3 Aty
MIAH—F Kalman JER#AERPIER, 0 HITE p(wi|yie) ) prediction step:
Tyy1e = Ay + Buy,
Piiypp = APt\tAT + Qk
DA B A — i 7% SR WL B i A% TR p(e41|y1e1) PITTHE (Update):
Zrr1jer1 = Tape + Pyt CT (CPapCT + B0) 7 (Y1 — Ciyyq)
Pi1jev1 = Pryape — Pt+1|tCT(CPt+1|tCT +3,) T CPy
TESFRALAF NS, FRATNS T BRI RF4 1 Ja 3 -5 4% B I S 4 [F)25, AR BB - SERsbil

control input
» (ego vehicle)

cl c2 c3 cd co

sensor data
. (measurement

M1 M2 M3 update)

Figure 4: SERptilae N fa -5 & s i 1 3]

T AR A AR, —BAE 50Hz ~ 100Hz A2, I Hl THRAIERZGRIES Y, ROS 3y
MIBFAEIR AN RIRHEERGE) , Pl NERlE < DA MM EA —ERkE, HFATEN;
ARERL A B, S5 AR 30Hz. X 2> itk AN Fig. W By 8 . 78 Fig. g, 4L
i NIl 5 2 F0 A% JEas R a2y e [T R RS B, I FRATT 5 BEAE SE B, X Kalman JERASEATT
b FH -
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L A Cy 2, 5 Co — My B, X M p O Y B R RE f5 %) My P20 updated R
AT prediction step, HCHIXPIRESAIME T EAE Co BFZIIAL T

2. 1E C3 W%, IR Cs — Co MIRHG, X RO B LS, X O /Y predicted JRAE4E
24T prediction step (PR FRATEAMIMEI R ), BHRPRESHMTHZAE Cs 2B

3. T Mo W%, PAg T —mifl B ddn, 7158 Mo — Cs WM, X R Mg A ORI ) 0
SETE My WEZI5EXT Cs BIZIXT C3 1Y predicted ARASGRELEHFT prediction step, TR My B
Z\ A% A B AT update; BEESXPIRASHIAMTRAE Mo BZIRAETE O T2 T update,
FAMTLA 14T prediction) ;

4. 78 Cy WZ, WHE Co— My B, XSRS MOH R OB SS , X Mo 19 updated JRASHE
7 prediction step, MEIRRPARESHIMRZAE Co W ZIAYAETT

2 ROS tf

2.1 Higk

tf & ROS 4L —AThEEt, mPAFSBh I FALPRZ AN AL bR R Z [RIAAHX A B e &R ., FETHE AL
Fr& (world) W, AW HEMEAAFRE (turtlel, turtle2), FATHIPAMH sendTransform() pRELZS
T H AT AR PR RN . tf BB X AR AR AR R K 5

DU, QSR FRATARHIE turtlel AT turtle2 AR &, FAT 1] PAEF# A lookupTransform()
i), A M EH OB AR LA IS .

P2, AT PAGRZE(E ] send Transform() 45 turtlel B9 EAHXTT turtlel (472, BUHY
tf ST R R

XA DA lookupTransform() £ if) & AL P ARAR R EGAHIXT A7 4. TR, tf B AP &R
KRR PTEGER , AP, BN BIRR (BT world ABARER ) UAIE —A5%MR (parent),
HATPAE 24T (children)

2.2 Py

FATRIE , 0 2 8] R A W A AR LB R AR, W AR o R R 2 [ A A e X AR
Bl AR PR AERS , B, M TR o, FESH & (ef, e, ef) TN of , FEFFFER RIER L
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(b, eh,el) FAMRA ab, Wi Rk

ab — Arb(ar _ ,r,b) — Arbar +t (1)
Hrpr A™ Borimgsgbe, SRl v° RIS R IERENE NS R TR, 3T,
JrmA L AT e RS, HEBAAIEAZRE: 9 MEFFE 3 A E B IEE R IR % . ROS
tf {1 FH DU e Ec iR e . DUocEie Hamilton B —Fpd BRI EL. — NUITEIA 1 ASS5A0
3 MREER,
q=qo+ qi+q2j + g3k (2)
Hrd, g,k @=L, W

i2:j2:k2:—1

ij=k=—ji
Jmhm (3)
jk=1=—kj
ki=j=—ik

FATRE A — AR TR — A 2SA AL, B ALY e R — e . B ook g 3=
INGRERAL IR n fiERE 0 IR, Hop

6 = 2arccos qp (4)
(qu q2, Q3)T
n = - 0 (5)
sin 5

[fBL, %% n = (n1,n2,n3)" JEFE 6 PR, WTPAFIR BN ICEL:
e . .60 . 0 .0
q= cos§ +iny s1n§ +]n2s1n§ + kng sm§ (6)

TEAPRREH, FARDCPHGEsh, Pl bt el 0 JREE, WIABMERSE (0,0,1)7 43 6 51
B, SRR AL (0,0,0)", X PYICEL

6 6
q:cos§+0i+0j+ksin§ (7)
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© 00 N O Ot W

DO N = = = = b e e R e
— O © 00 O ULk W H—= O

2.3 tf WA H

X/, FATR tf D)fE

S turtlel R E H B3R ER.
AksE i TR catkin workspace. B SCAIE—AN BN RER

cd ./src

cd ..
catkin_make

$H P S P BH H &BH

cd ~/catkin_ws
source ./devel/setup.bash

catkin_create_pkg learning_tf tf rospy turtlesim

source ./devel/setup.bash

2.3.1 @4 tf ) ¥%# (broadcaster)
TED gt B @ I gy S S

$ roscd learning_tf

$ mkdir nodes

$ touch ./nodes/turtle_tf_broadcaster.py
$ chmod +x ./nodes/turtle_tf_broadcaster.py

g% nodes/turtle_tf broadcaster.py 1T, BilFEH ] PAFRF

. SNSRI EAE S . B, FEESPEAE turtlel, turtle2 NI

#!/usr/bin/env
import rospy
import tf

python

import turtlesim.msg

def handle_turtle_pose(msg, turtlename):
br = tf.TransformBroadcaster ()
br.sendTransform((msg.x, msg.y, 0),

if _ _name__ ==

tf.transformations.quaternion_from_euler (0, 0, msg.

rospy.Time.now (),
turtlename,
"world")

' main__"':

rospy.init_node('turtle_tf_broadcaster')

turtlename

= rospy.get_param('~turtle')

rospy.Subscriber('/Y%s/pose' Y turtlename,

turtlesim.msg.Pose,
handle_turtle_pose,
turtlename)

rospy.spin()

AR RE -

3: Bl NiiashaA A 5 05 -7
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16

17
18
19
20

© 0

10

12

© 00 J O U i W N~

[
W N~ O

turtlename = rospy.get_param('~turtle')

AT EER B3N 1 A48 1 240 turtle 9HUE. MRIEHEAR, 2 &K 1% turtlel-world
AL, BOZ turtle2-world AR 2.

rospy.Subscriber('/%s/pose' % turtlename,
turtlesim.msg.Pose,
handle_turtle_pose,
turtlename)

XEACHS 21T 17 turtle B/ B topic, 3KEL message 51 H B8 K%L handle turtle pose.

br = tf.TransformBroadcaster ()

br.sendTransform((msg.x, msg.y, 0),
tf.transformations.quaternion_from_euler (0, O, msg.
rospy.Time.now (),
turtlename,
"world")

KB IR B . 5 T AT T TIRE XS, 8 17X turtle AHXFT world A
PRAIIALE) HE 4y tf. HhaR 8 173K turtle ARPRAELGAE world ABARARMYALER, 5 9 4152 turtle
bR AR T world ARAR AR IIPH IR, X HLVR T s AR BB A S DU OCH. 26 10 A2 IR, 26
L AR TARR AR, 50 12 FTR IR AR, BIZHMIRAR.

2.3.2 @& tf YWy (listener)
BIHI g1y S S

$ roscd learning_tf

$ mkdir nodes

$ touch ./nodes/turtle_tf_listener.py

$ chmod +x ./nodes/turtle_tf_listener.py

9. /nodes/turtle_tf_listener.py SCPFUNT, BIREHHR AT PASRE):

#!/usr/bin/env python
import rospy

import math

import tf

import geometry_msgs.msg
import turtlesim.srv

if __name__ == '__main__':
rospy.init_node('turtle_tf_listener')

listener = tf.TransformListener ()

rospy.wait_for_service('spawn')

3: Beahlas Nz s 5 5 H-8
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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

13
14
15

17
18

13
14

spawner = rospy.ServiceProxy('spawn', turtlesim.srv.Spawn)
spawner (4, 2, 0, 'turtle2')

turtle_vel = rospy.Publisher('turtle2/cmd_vel', \
geometry_msgs.msg.Twist,queue_size=1)

rate = rospy.Rate(10.0)

listener.waitForTransform("/turtle2", "/turtlel", \
rospy.Time(), rospy.Duration(1.0))

while not rospy.is_shutdown():

try:
now = rospy.Time.now()
past = now - rospy.Duration(5.0)
listener.waitForTransformFull ("/turtle2", now,
"/turtlel", now,
"/world", rospy.Duration(1.0))
(trans, rot) = listener.lookupTransformFull("/turtle2", now,
"/turtlel", past,
"/world")

except (tf.LookupException, tf.ConnectivityException, \
tf.ExtrapolationException):
continue

angular = 4 * math.atan2(trans[1], trans[0])
linear = 0.5 * math.sqrt(trans[0] #** 2 + trans[1] =*x*x 2)

cmd = geometry_msgs.msg.Twist ()
cmd.linear.x = linear
cmd.angular.z = angular

turtle_vel.publish(cmd)

rate.sleep()

AR RS :
rospy.wait_for_service('spawn')
spawner = rospy.ServiceProxy('spawn', turtlesim.srv.Spawn)

spawner (4, 2, 0, 'turtle2')

LB VA turtlesim $2HEAY spawn k55, 1EA AR Db ifb— R S, (8 E (4, 2),
AN 0, 2458 turtle2,

turtle_vel = rospy.Publisher('turtle2/cmd_vel', \
geometry_msgs.msg.Twist,queue_size=1)

KB ZNZY FAEN topic: turtle2/cmd  vel BYAAH, 4 turtle2 FHilH5%

listener.waitForTransform("/turtle2", "/turtlel", \
rospy.Time (), rospy.Duration(1.0))
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13
14
15
16
17

13
14
15

13
14
15
16
17
18

XBAU SR of Y B turtle2 Al turtlel FEEAY)HE, BOR tf BARPRAR X RM EE 2T T

A ABBRFR o
now = rospy.Time.now()
past = now - rospy.Duration(5.0)
listener . .waitForTransformFull ("/turtle2", now,

"/turtlel", now,
"/world", rospy.Duration(1.0))

KBS A o ULE] now I ZIHIARAR A GLE R R Bk, BiPR now 2 turtlel Hl turtle2 f

X7 22 Al AR o

(trans, rot) = listener.lookupTransformFull ("/turtle2", now,

"/turtlel", past,
"/world")

AT ) tf Z29f) T turtle2 (BLZ]) FHXTT turtlel (5 FbET) AHXI7Z.

angular = 4 * math.atan2(trans[1], trans[0])
linear = 0.5 * math.sqrt(trans[0] #** 2 + trans[1] =xx* 2)

cmd = geometry_msgs.msg.Twist ()
cmd.linear.x = linear
cmd.angular.z = angular

turtle_vel.publish(cmd)

X B SRR 4, BOK turtle2 BRER turtlel /9 5 FPHIHIALE.

2.3.3 "5 launch SCAHIFMIA
BT H4E launch SCH4::

$ roscd learning_tf

$ mkdir launch

$ touch ./launch/start_demo.launch
$ vim ./launch/start_demo.launch

It /launch /start__demo.launch SCEFANTT, FIFEH LA PAFR 3 :

<launch>
<! >
<node pkg= type= name= />
<node pkg= type= name=
<node name= pkg=
type= respawn= output=
<param name= type= value= />
</node>
<node name= pkg=
type= respawn= output=
<param name= type= value= />
</node>

3: Bahitlar NiizshaA A 505 H-10
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<node pkg="learning_ tf" type="turtle_tf_listener.py"
name="listener" />
</launch>

1A v izt T
$ roslaunch learning_tf start_demo.launch

R AT S B turtlel, sii@ B3 rostopic ZfiFEHla4. AIPAERE] turtle2 2 H Z IR B
turtlel £¥ 5 FVHTHI B

TurtleSim

Figure 5: ROS tf BlfizfT45H

3 ROS gazebo ¥Ht/4

3.1 fii{] gazebo fEHEIRY
3.1.1  $Ebu%

— . J&4T roscore

$ roscore

N

$ rosrun gazebo_ros gazebo

kA gazebo FLH
= ¥F ctrl + B #F AR Fm, AT A P Edit->Building Editor #EA

3: Baitlar Niiash=A A 5 05 H-11



Building Editor

. BEAGREEECAY SR S, ATDART NS RE . TSE NI, al AR AR . KROT RS i
JEtIR APN TR

1.00m

BN, sl wall $5ERRE . A5 BRI AP OB BE . W] DAFTIT wall inspector ZpiE+#s, HIR4n4E wall
KEESEE .
NN, PRI R UL s K R H A

FELMIAE model->links H, Xk link 0 A PARIFXS link JEMEAG gt . A0SR FRATAEXS HZi
P, A PAYEZET visual FPEE P Ambient, Diffuse. Specular. Emissive PUA4~EI0 . 5 4nFk A8 35—
ey, FATAK: Ambient, Diffuse, Specular HJLL N 1, HAREH 0,
T ARAE S S AE LA file->save as {R{FARIY  AVEAFIEAE N - /root/.gazebo/models, (%
ctrl + H R/nBEgwsceF)
75 iR model editor, FE gazebo F] 1 7: AT AR F I BRI 4K

3: BEIHLIS M IS B2 5 212



Wall Inspector

3.1.2 Bi% SDF (iR

1t /root/.gazebo/models/your__model name 1] PLF F| your _model name.config il your _model name.sdf
WSS Hodr.config SO AL SCEE, T model.sdf ALY SDF Hiik,
TEZBEAR NI %, FA

$ gedit your_model_name.sdf
AR BB P BRI

PABRAE Y mywall SCOF R B, dnR -
SCPERTERREREATT , TLAYE gazebo St 2L model @I, tn] ATESCHE BRI MY .

<xml version> #xml # i A&
<sdf version> #sdf é’])ﬁl)ijr‘
<model name> # & & & &
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File Edit View Bookmarks Go Tools Help

B T & v D P Jroot/.gazebo/models/mywall %

Places

8 Home Folder i @ @

Desktop mode‘;conh model.sdf

;S Applications

2 items Free space: 233.1 GIB (Total: 251.0 GiB)

<pose frame> #HE A A#H R P WL E [x y z pitch yaw roll]
<static> #H A 2 F B &

<link> #% %, QAHAN - NZ KRB WER K

<collision> #Jf| T At # & &

3: MEhflas Az s S 0 H-14



model.sdf

11>
1.3677 0.463139 0 0 -0 @</pose>
11'>

ze>5 0.15 2.5</size>
=''>0 0 1.25 0 -0 O</pose>

Wall_l _Visual's>

''>0 0 1.25 0 -0 0</pose>

0.15 2.5</size>
/media/materials/scripts/gazebo.material</uri>
0/Grey</nane>

111 1</ambient

'>0 1.17584 0 0 -0 3.14159</pose>

XML v Tab width: 8 v Ln 187, Col 25 v INS

<box>(<sphere>,<cylinder>) #H WK & F
<size>(<radius>) #x,y,zK E (F7&)
<surface> #F W

<friction> #X EH TWEE S

<visual>: ## & # & 4 W

<geometry> ## & JLT K

<inertial> ##H AR FE M T &

<mass> #F R E R F &

<sensor> # Mworld (¥} 3% ) WK % % ¥ A T plugin
<light> ## & % K

<joint> #H A XF , X FHEHFEW N1link, AT WX TR &£
<plugin> # A T & % #% & oy 45 1+

3.2 fii}ll gazebo AN LIALE
3.2.1 DIk

—. B}

$ roscore

. 1BfT

$ rosrun gazebo_ros gazebo

## A gazebo Fih
=, miiZe b insert, FIDAE B FATZ HIHE AT AL
B, HEh B R R AT
B, D= e S5 8 7 v v o e W = 2 s WO 1 1 WO 2 S W G2 TN 1 QI < N
RO . BIFEAR . SOETE. BERIR. ZOtTR. . R, 2k, SRR, Ul
MO, NS, FESE A Bl File->save world as, AR, US4 . world
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.l.‘lll"lll rl""r..

w (root/.gazebo/models
box

Ground Plane

fusr/share/gazebo-7/models

Connecting to model databas...

3.2.2 k% world SCFHRE
VE: B SCPEFREEC AR sdf H40, world SCPEATMA IE% MBI sdt SCHERISEE .

<xml version> #xml #j ik &

<sdf version> #sdf W Jk &

<model name> ## A &

<pose frame> ## A AW R P WML E [x y z pitch yaw roll]
<static> #H#H A E LT EH &

<link> ## %, 4 HKAN " NETHRU W EE K

<collision> # H T AL & & &

<box>(<sphere>,<cylinder>) #H WK & F

<size>(<radius>) #x,y,zk & (¥ #£)

<surface> #¥F |

<friction> #X EH HWEE S

<visual>: ## R # & 4 W

<geometry> #H# & JLT KR

<inertial> ##H R FE M T X

<mass> #FH A A K&

<sensor> # Mworld( ¥ 3% ) K & % ¥ A T plugin

<light> ## & K &

<joint> #WRX ¥, X ¥ HEEH Mlink, AT HREHAMXFTRH %
<plugin> # f| T #& & # & & %

3.2.3 Zh&ERY
BTSSR gazebo8+ HIUAS, IREEH N gazebo? Tk LEhASFIGY .
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3.3 FIH urdf SCPFHFEEPLES A B

3.3.1 urdf XfERIAT

urdf £ F54: Unified Robot Description Format Hl: 58 —#125 AR R /i H— urdf S04
A DAS A — LA AL,

3.3.2 urdf CHEARTE

#ﬂﬁ\%ﬁé@urdfi‘%m B — & % <link>F <joint> 4 A,
<link> ## & #lL & }\%/\H{zl& b5 W Fn A B
<inertial> ## X link # f%"fé?ﬁ;‘
<geometry> #3 ¥ link ¥ )k Fn
<collision> ## A link Wy &b 4% & 4
<material> #3§ & Bl # 5 # %
<joint> #H RN BAXFT W3 7 ¥ 51
#EFEW AN 1link, FHFEHAF ERK (5@ T
<calibration> ## % x ¥ By % X i
<dynamics> ## R X VT WY EEW, WHEHEHE. WEHEES

<limit> #HRBFHWHRRE, GFEZHRA, BE, FTERHF
<mimic> # AR ZXFT EHEELAXTH XR
<safety_controller> #{#H R X 2 & H B 5 &

3.3.3 iS5 urdf SCIHE@EPLEA
—. R AR W TSI

$ mkdir -p catkin_ws/src

$ cd catkin ws/src

$ catkin_init_workspace

$ ca ..

$ catkin_make

$ source ./devel/setup.bash

o AU N R AL T

$ cd src
$ catkin_create_pkg smartcar std_msgs rospy roscpp urdf gazebo_plugins gazebo_ros

Xacro

cd smartcar

mkdir urdf

mkdir launch

cd urdf

touch myrobot.urdf

= 7E wdf SCPEP DI A

€“ H L L P
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<?xml version="1.0"7>
<robot name="smartcar">
<link name="base_ link'">
<visual>
<geometry>
<box size="0.25 .16 .05"/>
</geometry>
<origin rpy="0 0 1.57075" xyz="0 0 0"/>
<material name="blue'">
<color rgba="0 0 .8 1"/>
</material>
</visual>
</link>

<link name="right_front_wheel">
<visual>
<geometry>
<cylinder length=".02" radius="0.025"/>
</geometry>
<material name="black">
<color rgba="0 0 0 1"/>
</material>
</visual>
</link>

<joint name="right_front_wheel_joint" type="continuous">
<axis xyz="0 0 1"/>
<parent link="base_ link"/>
<child link="right_front_wheel"/>
<origin rpy="0 1.57075 0" xyz="0.08 0.1 -0.03"/>
<limit effort="100" velocity="100"/>
<joint_properties damping="0.0" friction="0.0"/>
</joint>

<link name="right_back_wheel">
<visual>
<geometry>
<cylinder length=".02" radius="0.025"/>
</geometry>
<material name="black">
<color rgba="0 0 0 1"/>
</material>
</visual>
</link>
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<joint name="right_back_wheel_joint" type="continuous">
<axis xyz="0 0 1"/>
<parent link="base link'"/>
<child link="right_back_wheel"/>
<origin rpy="0 1.57075 0" xyz="0.08 -0.1 -0.03"/>
<limit effort="100" velocity="100"/>
<joint_properties damping="0.0" friction="0.0"/>
</joint>

<link name="left_front_wheel">
<visual>
<geometry>
<cylinder length=".02" radius="0.025"/>
</geometry>
<material name="black'">
<color rgba="0 0 0 1"/>
</material>
</visual>
</1link>

<joint name="left_front_wheel_joint" type="continuous">
<axis xyz="0 0 1"/>
<parent link="base link'"/>
<child link="left front_wheel"/>
<origin rpy="0 1.57075 0" xyz="-0.08 0.1 -0.03"/>
<limit effort="100" velocity="100"/>
<joint_properties damping="0.0" friction="0.0"/>
</joint>

<link name="left_back_wheel">
<visual>
<geometry>
<cylinder length=".02" radius="0.025"/>
</geometry>
<material name="black">
<color rgba="0 0 O 1"/>
</material>
</visual>
</1link>

<joint name="left_back_wheel_joint" type="continuous">
<axis xyz="0 0 1"/>
<parent link="base link'"/>
<child link="left_back_wheel"/>
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<origin rpy= Xyz= />
<limit effort= velocity=
<joint_properties damping=

</joint>

/>

friction=

/>

<link name= >
<visual>
<geometry>
<box size= />
</geometry>
<material name= >
<color rgba=
</material>
</visual>
</1link>

/>

<joint name=
<parent link=
<child links=

type= >
/>
/>

<origin xyz=
</joint>
</robot>

/>

izt
$ check_urdf myrobot.urdf

BRI HE R IEH .
GERITT B, A E IR

obot name is: test robot
Successfully Parsed XML
oot Link: base_link has 4 child(ren)

child(1):
child(2):
child(3):
child(4):

wheel 1
wheel 2
wheel 3
wheel 4

3.3.4 45 launch CHEEBHLZSA

7 launch U FAE mycar.aunch ST Ff A RLF ARG :

$ cd
$ cd launch
$ touch mycar.launch

<launch>
<arg name=
<arg name=

/>

default= />
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<param name= textfile=

/>
<param name= value= />
<node name= pkg=
type= ></node>
<node name= pkg=
type= />
<node name= pkg= type= />

</launch>

TEiafT launch SCHFRT, BUCECRFITMOE, RIRs T2 Hig 51 launch SCHF.

$ sudo apt-get install ros-kinetc-joint-state-publisher
$ roslaunch smartcar mycar.launch

K rviz H global options PN fixed frame 2k base link, &SiiZE T add, #E# by display type
—>robotmodel, T PAF TR TFIH urdf SCHHE R R/ N AT,

File Panels Help

Displays a visual representation of a robot in the correct pose (as
defined by the current t TF transforms). More Information

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

Add

3.4 435 launch SCPHFTIFAEE

545 launch SCEHTHALE ABAUMLL, HefFEdr TR, AL i@ A7) smart {0
WS hn worlds SCIEIE FHTHElZ AT L S I AR

ZHTFRAVEH B urdf SCEAE AL, FERZIET, ROS X urdf U LRI AR
U, % X xacro SCPFFRA ML, §RMR L. FrAFRA R 2 /8y urdf SO 80 R
95 . xacro 4.

TE urdf U N robot_ body.urdf.xacro {4, AN

<?7xml version= 7>
<robot name= xmlns:xacro= >
<property name= value= />
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File Panels Help

{ryinteract | G Move Camera (] Select FocusComera &= Measure 20 Pose Estimate ¢ 2DNavGoal @ PublishPoint o
I pisplays ]
~ @ Global Options
Fixed Frame base_link
Background Color M 48; 48; 48
Frame Rate 30
Default Light v

~ v Global tatus: Ok
v Fixed Frame  OK
» @ Grid v
» @ PoseWithCova... [V
~ iy RobotModel v
» v Status: Ok
Visual Enabled v
Collision Enabled
Update Interval 0
Alpha 1
Robot Description  robot_description
TF Prefix
Links
Link Tree Style ~Links in Alphabetic Order
Expand Link
All Links Enab... ¥
v & base link v
Alpha 1
Show Trail
Show Axes

«

» Position 0

» Orientation 0.
» & head v
» 4 left_back_... v
>/ left front_... ¥
» /2 right_back... v
» & right front... ¥

© Time

<!
<include filename= />

<property name= value= />
<property name= value= />

<xacro:macro name= >

<link name= >
<inertial>
<origin xyz= />
<mass value= />
<inertia ixx= ixy= ixz= iyy= iyz=
izz= />
</inertial>
<visual>
<geometry>
<box size= />
</geometry>
<origin rpy= xXyz= />
<material name= >
<color rgba= />
</material>
</visual>
<collision>
<origin rpy= Xyz= />
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<geometry>
<box size="0.25 .16 .05" />
</geometry>
</collision>
</link>

<link name="left_front_wheel">
<inertial>
<origin xyz="0.08 0.08 0.025"/>
<mass value="0.1" />
<inertia ixx="1.0" ixy="0.0" ixz="0.0" iyy="1.0" iyz="0.0"
izz="1.0"/>
</inertial>
<visual>
<geometry>
<cylinder length=".02" radius="0.025"/>
</geometry>
<material name="black">
<color rgba="0 0 0 1"/>
</material>
</visual>
<collision>
<origin rpy="0 1.57075 1.57075" xyz="0.08 0.08 0.025"/>
<geometry>
<cylinder length=".02" radius="0.025"/>
</geometry>
</collision>
</1link>

<joint name="left_front_wheel_joint" type="continuous">
<axis xyz="0 0 1"/>
<parent link="base link'"/>
<child link="left_front_wheel"/>
<origin rpy="0 1.57075 1.57075" xyz="0.08 0.08 0.025"/>
<limit effort="100" velocity="100"/>
<joint_properties damping="0.0" friction="0.0"/>
</joint>

<link name="right_front_wheel">
<inertial>
<origin xyz="0.08 -0.08 0.025"/>
<mass value="0.1" />
<inertia ixx="1.0" ixy="0.0" ixz="0.0" iyy="1.0" iyz="0.0"
izz="1.0"/>
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</inertial>
<visual>
<geometry>
<cylinder length=".02" radius="0.025"/>
</geometry>
<material name="black">
<color rgba="0 0 0 1"/>
</material>
</visual>
<collision>
<origin rpy="0 1.57075 1.57075" xyz="0.08 -0.08 0.025"/>
<geometry>
<cylinder length=".02" radius="0.025"/>
</geometry>
</collision>
</link>

<joint name="right_ front_wheel_joint" type="continuous">
<axis xyz="0 0 1"/>
<parent link="base link'"/>
<child link="right_front_wheel"/>
<origin rpy="0 1.57075 1.57075" xyz="0.08 -0.08 0.025"/>
<limit effort="100" velocity="100"/>
<joint_properties damping="0.0" friction="0.0"/>
</joint>

<link name="left_back_wheel">
<inertial>
<origin xyz="-0.08 0.08 0.025"/>
<mass value="0.1" />
<inertia ixx="1.0" ixy="0.0" ixz="0.0" iyy="1.0" iyz="0.0"
izz="1.0"/>
</inertial>
<visual>
<geometry>
<cylinder length=".02" radius="0.025"/>
</geometry>
<material name="black">
<color rgba="0 0 O 1"/>
</material>
</visual>
<collision>
<origin rpy="0 1.57075 1.57075" xyz="-0.08 0.08 0.025"/>
<geometry>
<cylinder length=".02" radius="0.025"/>
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</geometry>
</collision>
</link>

<joint name="left_back_wheel_joint" type="continuous">
<axis xyz="0 0 1"/>
<parent link="base link"/>
<child link="left back_wheel"/>
<origin rpy="0 1.57075 1.57075" xyz="-0.08 0.08 0.025"/>
<limit effort="100" velocity="100"/>
<joint_properties damping="0.0" friction="0.0"/>
</joint>

<link name="right_back_wheel">
<inertial>
<origin xyz="-0.08 -0.08 0.025"/>
<mass value="0.1" />
<inertia ixx="1.0" ixy="0.0" ixz="0.0" iyy="1.0" iyz="0.0"
izz="1.0"/>
</inertial>
<visual>
<geometry>
<cylinder length=".02" radius="0.025"/>
</geometry>
<material name="black">
<color rgba="0 0 0 1"/>
</material>
</visual>
<collision>
<origin rpy="0 1.57075 1.57075" xyz="-0.08 -0.08 0.025"/>
<geometry>
<cylinder length=".02" radius="0.025"/>
</geometry>
</collision>
</1link>

<joint name="right_back_wheel_joint" type="continuous">
<axis xyz="0 0 1"/>
<parent link="base link"/>
<child link="right_back_wheel"/>
<origin rpy="0 1.57075 1.57075" xyz="-0.08 -0.08 0.025"/>
<limit effort="100" velocity="100"/>
<joint_properties damping="0.0" friction="0.0"/>

</joint>
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<link name="head">
<inertial>
<origin xyz="0.08 0 0.08"/>
<mass value="0.1" />
<inertia ixx="1.0" ixy="0.0" ixz="0.0" iyy="1.0"
izz="1.0"/>
</inertial>
<visual>
<geometry>
<box size=".02 .03 .03"/>
</geometry>
<material name="white">
<color rgba="1 1 1 1"/>
</material>
</visual>
<collision>
<origin xyz="0.08 0 0.08"/>
<geometry>
<cylinder length=".02" radius="0.025"/>
</geometry>
</collision>
</link>

<joint name="tobox" type="fixed">
<parent link="base link'"/>
<child link="head"/>
<origin xyz="0.08 0 0.08"/>

</joint>

</xacro:macro>

</robot>

iyz="0.0"

e gazebo.urdf.xacro, 5 AU NZ:

<?7xml version="1.0"7>

<robot xmlns:controller="http://playerstage.sourceforge.net/

gazebo/xmlschema/#controller"

xmlns:interface="http://playerstage.sourceforge.net/

gazebo/xmlschema/#interface"

xmlns:sensor="http://playerstage.sourceforge.net/

gazebo/xmlschema/#sensor"
xmlns:xacro="http://ros.org/wiki/xacro"
name="smartcar_gazebo">
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<!-- ASUS Xtion PRO camera for simulation -->
<!-- gazebo_ros_wgel00 plugin is in kt2_gazebo_plugins package -->
<xacro:macro name='"smartcar_sim'">
<gazebo reference="base_link">
<material>Gazebo/Blue</material>
<turnGravityOff>false</turnGravityOff>
</gazebo>

<gazebo reference="right_front_wheel">
<material>Gazebo/FlatBlack</material>
</gazebo>

<gazebo reference="right_back_wheel">
<material>Gazebo/FlatBlack</material>
</gazebo>

<gazebo reference="left_front_wheel">
<material>Gazebo/FlatBlack</material>
</gazebo>

<gazebo reference="left_back_wheel">
<material>Gazebo/FlatBlack</material>

</gazebo>

<gazebo reference="head">
<material>Gazebo/White</material>

</gazebo>

</xacro:macro>

</robot>

B myrobot.urdf.xacro 4, B AW T NE:

<?7xml version="1.0"7>

<robot name="smartcar"
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"
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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">

<include filename="$(find smartcar)/urdf/robot_body.urdf.xacro" />

<!-- Body of SmartCar, with plates, standoffs and Create -->
<smartcar_body/>

<smartcar_sim/>

</robot>

T launch fF32F, ##E runworld.launch 304, 485 launch AR JE SN gazebo B R 3hFAT]
s EAE . launch SCATR TR

<launch>

<!-- # EFlaunch XH WS % --—>

<arg name="world_name" value="$(find smartcar)/worlds/

testworld.world"/>

<arg name="paused" default="false'"/>

<arg name="use_sim_time" default="true'"/>

<arg name="gui'" default="true"/>

<arg name="headless" default="false"/>

<arg name="debug'" default="false"/>

<arg name="urdf_file" default="$(find xacro)/xacro.py

'$(find smartcar)/urdf/myrobot.urdf.xacro'" />

<!-- 1E{Tgazeboff HHFH -->

<include file="$(find gazebo_ros)/launch/empty_world.launch">
<arg name="world_name" value="$(find smartcar)/worlds/
testworld.world" />
<arg name="debug" value="$(arg debug)" />
<arg name="gui'" value="$(arg gui)" />
<arg name="paused" value="$(arg paused)"/>
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<arg name="use_sim_time" value="$(arg use_sim_time)"/>
<arg name="headless" value="$(arg headless)"/>
</include>

<l-- MHEMNBALBER S H -->

<param name="robot_description" command="$(arg urdf_file)" />

<l-- iE47joint_state publisher ¥ &, AWML EAH £ FHhA -->
<node name="joint_state_publisher" pkg="joint_state_publisher"
type="joint_state_publisher" ></node>

<l-- iZ{Trobot_state_publisher ¥ &, XA tf -->
<node name="robot_state_publisher" pkg="robot_state_publisher"
type="robot_state_publisher" output="screen" >

<param name="publish_frequency" type="double" wvalue="50.0"
</node>

<!-- figazebo ¥ fn # AL & A KA -->
<node name="urdf_spawner" pkg="gazebo_ros" type="spawn_model"
respawn="false" output="screen"

args="-urdf -model mrobot -param robot_description"/>

</launch>
</launch>

/>

S

iz47
$ roslaunch smartcar runworld.launch

BRI A launch U217 H CE @) gazebo 3555 .
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a08 **Z Ak =N

4 PRk
1. ¥£ Gazebo M FE]);

2. ¥£ Gazebo WSLHAMAMF S, REM rviz H1¥) teleop panel [t sEBLIEH:AFE Gazeobo
iz gl ;

3. IE Gazebo HJf] KF SEBl B BRI E (7
4. WARZREE R zEheE, SLILE AR unicycle 12302, FHAEM rviz 1 teleop panel [
WL EL R AR TE Gazeobo HHIBE]
5 P
5.1 Bilf:fk SDF 3CfF
N SR AEEOLEE S HYIIE R SEMAE S, A7 unicyel B sdf SCAEANTE

<?xml version="1.0" 7>
<sdf version="1.5">

<!-- A global light source -->
<model name="unicycle">
<!-- Give the base link a unique name -->
<link name="base'">
<!-- Offset the base by half the lenght of the cylinder -->

<pose>0 0 0.02 0 O 0</pose>
<sensor type='"ray" name="sensor">
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<!-- Position the ray sensor based on the specification. Also rotate
it by 90 degrees around the X-axis so that the <horizontal> rays
become vertical -->

<pose>0 0 -0.004645 0 0 0</pose>

<!-- Enable visualization to see the rays in the GUI -->
<visualize>true</visualize>

<!-- Set the update rate of the sensor -->
<update_rate>30</update_rate>
<ray>
<!-- The scan element contains the horizontal and vertical beams.
We are leaving out the vertical beams for this tutorial. -->
<scan>
<l-- The horizontal beams -->

<horizontal>
<!-- The velodyne has 32 beams(samples) -->
<samples>2</samples>

<!-- Resolution is multiplied by samples to determine number of
simulated beams vs interpolated beams. See:
http://sdformat.org/spec?ver=1.6&elem=sensor#horizontal_resol
-=>

<resolution>1</resolution>

<!-- Minimum angle in radians -->
<min_angle>0</min_angle>

<!-- Maximum angle in radians -->
<max_angle>1.5707</max_angle>
</horizontal>
</scan>
<!-- Range defines characteristics of an individual beam -->
<range>
<!-- Minimum distance of the beam -->

<min>0.05</min>

<!-- Maximum distance of the beam -->
<max>70</max>
<!-- Linear resolution of the beam -->
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<resolution>0.02</resolution>
</range>
</ray>
<plugin name="gazebo_ros_velodyne_hdl-32-1_base_controller" filename="
<topicName>/velodyne/laser/scan_without_noise</topicName>
<frameName>scan_link without_noise</frameName>
</plugin>
</sensor>
<inertial>
<mass>1.2</mass>
<inertia>
<ixx>0.001087473</ixx>
<iyy>0.001087473</iyy>
<izz>0.001092437</izz>
<ixy>0</ixy>
<ixz>0</ixz>
<iyz>0</iyz>
</inertia>
</inertial>
<collision name="base_collision">
<geometry>
<cylinder>
<!-- Radius and length provided by Velodyne -->
<radius>.04</radius>
<length>.04</length>
</cylinder>
</geometry>
</collision>

<!-- The visual is mostly a copy of the collision -->
<visual name="base_visual">
<geometry>
<cylinder>
<radius>.04</radius>
<length>.04</length>
</cylinder>
</geometry>
</visual>
</1link>

<!-- Give the base link a unique name -->
<link name="top">

<!-- Vertically offset the top cylinder by the length of the bottom
cylinder and half the length of this cylinder. -->
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<pose>0 0 0.06 0 O 0</pose>
<!-- Add a ray sensor, and give it a name -->
<sensor type='"ray" name="sensor">

<!-- Position the ray sensor based on the specification. Also rotate
it by 90 degrees around the X-axis so that the <horizontal> rays
become vertical -->

<pose>0 0 -0.004645 0 0 0</pose>

<!-- Enable visualization to see the rays in the GUI -->
<visualize>true</visualize>

<!-- Set the update rate of the sensor -->
<update_rate>30</update_rate>
<ray>
<noise>
<!-- Use gaussian noise -->
<type>gaussian</type>
<mean>0.0</mean>
<stddev>0.002</stddev>

</noise>
<!-- The scan element contains the horizontal and vertical beams.
We are leaving out the vertical beams for this tutorial. -->
<scan>
<l-- The horizontal beams -->
<horizontal>
<!-- The velodyne has 32 beams(samples) -->

<samples>2</samples>

<!-- Resolution is multiplied by samples to determine number of
simulated beams vs interpolated beams. See:
http://sdformat.org/spec?ver=1.6&elem=sensor#horizontal_resol
-=>

<resolution>1</resolution>

<!-- Minimum angle in radians -->
<min_angle>0</min_angle>

<!-- Maximum angle in radians -->
<max_angle>1.5707</max_angle>
</horizontal>
</scan>
<!-- Range defines characteristics of an individual beam -->

3: Mahflas Az she B 5 0 H-33

ution




<range>

<!-- Minimum distance of the beam -->
<min>0.05</min>

<!-- Maximum distance of the beam -->
<max>70</max>
<!-- Linear resolution of the beam -->
<resolution>0.02</resolution>
</range>
</ray>

<plugin name="gazebo_ros_velodyne_hdl-32-1controller" filename="libgaz
<topicName>/velodyne/laser/scan</topicName>
<frameName>scan_link</frameName>
</plugin>
</sensor>

<inertial>
<mass>0.1</mass>
<inertia>
<ixx>0.000090623</ixx>
<iyy>0.000090623</iyy>
<izz>0.000091036</izz>
<ixy>0</ixy>
<ixz>0</ixz>
<iyz>0</iyz>
</inertia>
</inertial>
<collision name="top_collision">
<geometry>
<cylinder>
<!-- Radius and length provided by Velodyne -->
<radius>0.04</radius>
<length>0.04</length>
</cylinder>
</geometry>
</collision>

<!-- The visual is mostly a copy of the collision -->
<visual name="top_visual">
<geometry>
<cylinder>
<radius>0.04</radius>
<length>0.04</length>
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</cylinder>
</geometry>
</visual>
</1link>
<link name="camera link">

<pose>0 0 0.085 0 0 0</pose>

<sensor type='"camera" name="cameral'">
<pose>0 0 -0.00004645 0 0 0</pose>
N--FPHERNEGRAEK, EWwRNBFEETRERTERELARRE, &
<update_rate>30.0</update_rate>
<camera name="head">
<t-- T B 4 2 AR AL T 4F b 3 AR B 00 AL A S4B >
<image>
<width>800</width>
<height>800</height>
<format>R8G8B8</format>
</image>
<clip>
<near>0.02</near>
<far>300</far>
</clip>
</camera>
<l--gazebo_ros/gazebo_ros_camera.cpp-->
<plugin name="camera_controller" filename="libgazebo_ros_camera.so">
<alwaysOn>true</alwaysOn>
<updateRate>0.0</updateRate>
<cameraName>unicycle/cameral</cameraName>
<!--FE 1% topic-->
<imageTopicName>image raw</imageTopicName>
<!'-——# #H. 15 K topic-->
<cameralnfoTopicName>camera_info</cameraInfoTopicName>

<V--HEEEM T XA N ERFRR-—>
<frameName>camera_link</frameName>
<hackBaseline>0.07</hackBaseline>
<distortionK1>0.0</distortionK1>
<distortionK2>0.0</distortionK2>
<distortionK3>0.0</distortionK3>
<distortionT1>0.0</distortionT1>
<distortionT2>0.0</distortionT2>
</plugin>
</sensor>
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<inertial>
<mass>0.1</mass>
<inertia>
<ixx>0.000090623</ixx>
<iyy>0.000090623</iyy>
<izz>0.000091036</izz>
<ixy>0</ixy>
<ixz>0</ixz>
<iyz>0</iyz>
</inertia>
</inertial>
<collision name="camera_collision">
<geometry>
<cylinder>
<!-- Radius and length provided by camera -->
<radius>0.01</radius>
<length>0.01</length>
</cylinder>
</geometry>
</collision>

<!-- The visual is mostly a copy of the collision -->
<visual name='"camera_ visual'">
<geometry>
<cylinder>
<radius>0.01</radius>
<length>0.01</length>
</cylinder>
</geometry>
</visual>
</1link>
<!-- Each joint must have a unique name -->
<joint name="camera_joint" type="fixed">
<!-- Position the joint at the bottom of the top link -->
<pose>0 0 -0.03 0 O 0</pose>

<!-- Use the base link as the parent of the joint -->
<parent>top</parent>

<!-- Use the top link as the child of the joint -->
<child>camera_link</child>

<!-- The axis defines the joint's degree of freedom -->
<axis>
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<!-- Revolve around the z-axis -->
<xyz>0 0 1</xyz>

<!-- Limit refers to the range of motion of the joint -->
<limit>

<!-- Use a very large number to indicate a continuous revolution -
<lower>-10000000000000000</1lower >
<upper >10000000000000000</upper >
</limit>
</axis>
</joint>
<joint type="revolute" name="joint">

<!-- Position the joint at the bottom of the top link -->
<pose>0 0 -0.036785 0 0 0</pose>

<!-- Use the base link as the parent of the joint -->
<parent>base</parent>

<!-- Use the top link as the child of the joint -->
<child>top</child>
<!-- The axis defines the joint's degree of freedom -->
<axis>

<!-- Revolve around the z-axis -->

<xyz>0 0 1</xyz>

<!-- Limit refers to the range of motion of the joint -->
<limit>

<l-- Use a very large number to indicate a continuous revolution -
<1lower>-10000000000000000</lower>
<upper>10000000000000000</upper>
</limit>
</axis>
</joint>
</model>
</sdf>
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