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GYH.AI

|

moveit.rviz* - RViz
File Panels Help

) Interact | =% Move Camera [ Select o= e
I Displays [x]
v ¢ link_1 v E
v ¢ link_2 v
b ¢ link_3 v
v & link_4 v
b & link_5 v
» & link_6 v
v & toolo
Show Trail
Show Axes
¥ Position 0.33196; 0.099998, 0 =
» Orientation -0.48298; 0.51704; -0....
2 TF v
- =
Add .
3 MotionPlanning [*]
Context | Planning Manipulation Scene Objects | Stored Scenes = Stored State | * q e - d
£)
Planning Library AR
OMPL Planner Parameters S
RRT ~ | |goal_bias 0.05
longest_valid_segmen... 0.005
projection_evaluator joints(joint_1,joint_2)
range 0.8 <)
type geometric:RRT (
Warehouse
Host: [127.0.0.1 port: 33829 |3|| Connect =
Workspace
Center (XYZ): 0.00 ~ | 0.00 + |0.00 a
Size (XYZ): 2.00 - |2.00 - |2.00 =
Reset 31fps

EaM%iE S roslaunch probot_anno_moveit_config demo.launch

R BIFE

S rosrun probot_demo moveit_circle_demo
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std: :vector<geometry msgs::Pose> waypoints;

/ [ RERIURAL LIRS 55 4] 42
waypoints.push back(target pose);

double centerA target pose.position.y:

double centerB = target pose.position.z;
doubkle radius = 0.1;

for(double th=0.0; th<6.Z2; th=th+0.01)
{

target pose.position.y =

waypoints.push back(target pose);
}

centerA + radius * cos(th);
target pose.position.z = centerB + radius * sin(th):;

// HRIREE ] S AR A A

moveit msgs::RobotTrajectory trajectory;
const double jump threshold = 0.0;

const double eef step = 0.01;

double fraction = | H

int maxtries = 100;
int attempts = 0;

e ¥ ;':' Tl v B
/ /B 2 A R VR B

while(fraction < .0 && attempts < maxtries)

15 tAR

GYH.AI

el 1+ H BN

{

attempts++;

fraction = arm.computeCartesianPath(waypoints, eef step,

jump threshold, trajectory):

, attempts) ;

R EFRIEE



Segelal

'a‘

2, HUBEE X



2. HBEE N

File Panels Help

15 tAR

GYH.AI

moveit.rviz* - RViz

) interact | 7 Move Camera [ Select F = @

1 pisplays

» i Global Options
» v Global status: Ok
b @ Grid

» ¥ MotionPlanning
» i, RobotModel

b 2 TF

< SKs

Add

¥ MotionPlanning

Context = Planning = Manipulation = Scene Objects = Stored Scenes | Stored States

Planning Library

OMPL Planner Parameters
RRT ~ | goal_bias 0.05
longest_valid_segment... 0.005
projection_evaluator joints(joint_1,joint_2)
range .
type geometric:RRT
Warehouse

Host: 127.0.0.1

Port: | 33829 |v|| Connect

Workspace
Center (XYZ): 0.00 < 0.00 > |0.00 =
Size (XYZ): 2.00 - 2.00 - |2.00 -

Reset  Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click:: Move Z. Shift: More options.

31 fps

HFEEY Sroslaunch probot_anno_moveit_config demo.launch

iz

S rosrun probot_demo moveit_revise_trajectory_demo



video/moveit_revise_trajectory_demo.mp4
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GYH.AI

arm.setJointValueTarget (joint group positions);
moveit::planning interface::MoveGroupInterface::Plan plan;

movelit::planning interface: :MoveltErrorCode success = arm.plan(plan); q E}lﬁ*mﬁu

ROS INFO("Plan (pose goal) %s",success?"":"FAILED");

D

fu

scale trajectory speed(plan, 0.25);

/7 LEN LB R 5 RO R IR TT 4f iz 3)) -
if (success)

arm.execute (plan) ;
sleep(l);

void scale trajectory speed(moveit::planning interface::MoveGroupInterface::Plan &plan, double scale)

{

int n joints = plan.trajectory .joint trajectory.joint names.size();

for (int i=0; i<plan.trajectory .joint trajectory.points.size(); i++)

{

plan.trajectory .joint trajectory.points[i].time from start *= 1/scale;

for(int j=0; j<n joints; Jj++) # *)]; — R\
{ B EE X
plan.trajectory .joint trajectory.points[i].velocities[]] *= scale;

plan.trajectory .joint trajectory.points[i].accelerations[j] *= scale*scale;
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15 tAR

GYH.AI

moveit.rviz* - RViz
File Panels Help

) Interact | % Move Camera [ ] Select =

[ pisplays [ x|
» % Global Options
» v Global Status: Ok
» & Grid
.+ MotionPlanning
~ i, RobotModel
» v Status: Ok
Visual Enabled
Collision Enabled
Update Interval
Alpha

Robot Description robot_description
TF Prefix

w Linke

L'}

Add Duplicate Remove Rename

+ MotionPlanning

Context | Planning = Manipulation | Scene Objects = Stored Scenes = Stored States L4
Planning Library

OMPL

RRT w7

Planner Parameters

warehouse

Host: 127.0.0.1 Port: 33829 |+|| Connect

Workspace
Center (XYZ): 0.00 +||0.00 +| 0.00 =
Size (XYZ): 2.00 - |2.00 - 2.00 -

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

31 fps

Z %L S roslaunch probot_anno_moveit_config demo.launch

Btz S rosrun probot_demo moveit_continue_trajectory_demo



video/moveit_continue_trajectory_demo.mp4

E) 3. silEEsEsRD {3 AR

/7 FRIWPLER N L as A
moveit::core::RobotStatePtr start state(arm.getCurrentState()):
const robot state::JointModelGroup *joint model group = start state->getJointModelGroup (arm.getName()) ;

std::vector<double> joint group positions;
start state->copyJointGroupPositions (joint model group, joint group positions);

/) E A HEbr =
jOlnt_group_positions[C] = -0.6; // radians
arm.setJointValueTarget (joint group positions);

// VHELES - SREIT

moveit::planning interface::MoveGroupInterface::Plan planl; q *ﬁ!ﬁ“g}lﬂl

moveit::planning interface::MoveltErrorCode success = arm.plan{(planl);

joint model group = start state->getJointModelGroup (arm.getName()) ;
start state->setJointGroupPositions(joint model group, jeint group peositions);
arm.setStartState (*start state);

J/VEEE A HARE
joint group positions[0] = -1.2; // radians

joint group positions[l] = -0.5; // radians
arm.setJointValueTarget (joint group positions);

/7 VLSS SRR . -
moveit::planning interface::MoveGroupInterface::Plan plan2; q *mtu&nﬂz
success = arm.plan(plan2);

joint model group = start state->getJointModelGroup (arm.getName())

start state->setJointGroupPositions(joint model group, jeoint group peositions);
arm.setStartState (*start state);
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GYH.AI

/ST 2 U

movelt msgs::RobotTrajectory trajectory;

trajectory.joint trajectory.jeoint names = planl.trajectory .joint trajectory.joint names;

trajectory.joint trajectory.points = planl.trajectory .joint trajectory.points; ~ ~
for (size t j = 1; j < planZ.trajectory .jolint trajectory.points.size(); j++) # E}lﬂl + E}lﬂz
{

trajectory.joint trajectory.points.push back(planZ.trajectory .joint trajectory.points[]j]):
}

moveit::planning interface::MoveGrouplInterface::Plan joinedPlan;
robot trajectory::RobotTrajectory rt(arm.getCurrentState()->getRobotModel(), "manipulator"); rlsl
rt.setRobotTrajectoryMsg (*arm.getCurrentState(), trajectory):; # E*Lt]
trajectory processing::IterativeParabolicTimeParameterization iptp;
iptp.computeTimeStamps (rt, velScale, accScale);

rt.getRobotTrajectoryMsg(trajectory) ;
joinedPlan.trajectory = trajectory;

if ('arm.execute(joinedPlan))

{
ROS ERROR("Failed to execute plan");
return false;
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11 = 18; % length of first arm
12 = 7; % length of second arm

thetal
theta2

9:8.1:pi/2; % all possible thetal values
9:0.1:pi; % all possible theta2 values

[THETA1,THETA2] = meshgrid(thetal,theta2); ¥ generate a grid of thetal and theta2 values

X
Y

11 * cos(THETA1l) + 12 * cos(THETA1 + THETA2); % compute x coordinates
11 * sin(THETA1l) + 12 * sin(THETA1l + THETA2); % compute y coordinates

All possible 8;values
0<8<m

./-""059,-311/2

A

. All possible 8, value:

*BieHiIRiESE

T [ mvime]
(x.y) Desired location e T
bk - 0.. -.- -.. . . e l‘.‘.. i
. R " (x1, y1)
- ] y °Y1—F—:——FL—TLJ—T—__5 v )
: e : . . .. - N | = "'_
S : U Lt Wt
wE o+ AT . L L. | . .u: _
. - . * | . . L 1" . .
> [ .. . Y Sl T
-0 ) | Y
g ., . . B L a1 Y _
. . . an .
e . . Pl R TIN .-'..
6 Lt . Y I -
L - - | .
. . | )
-- & I -
at | .
I Lo
I R
- I N
(NBEAEFIL) i | :
1 0 1.°. 1 x1
1 1 1
5 0 10 15

15 tAR

— GYH.AIl —

[X,Y] = meshgrid(x,y);

€2 = (X.A2 + Y.A2 - 1142 - 1222)/(2%11%12);
s2 = sgrt(l - c2.72);
THETA2D = atan2(s2,c2); % theta2 is deduced

k1 11 + 12.%c2;
k2 12%52;
THETAID = atan2(Y,X) - atan2(k2,kl); % thetal is deduced

X-Y co-orainates generated Tor all thetal and thetaz combinations
using forward kinematics formulae

X ot
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* BEHEE: http://wiki.ros.org/kdl
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&> traclabs

*BEHIE. http://docs.ros.org/kinetic/api/moveit_tutorials/html/doc/trac_ik/trac_ik_tutorial.html


video/TRAC-IK Solver versus KDL IK solver on R2 torso.mp4

4. EHGEEhF R Tegals s

GGGGGG

=

4 N

S rosed "SMYROBOT_NAME"_moveit_config/config/kinematics.yaml

¥

S sudo apt-get install ros-kinetic-trac-ik-kinematics-plugin }

arm:
EEE kinematics solver: trac ik kinematics plugin/TRAC IKKinematicsPlugin
kinematics solver attempts:
kinematics solver search resolution:

- /

[ M $sudo "SMYROBOT_NAME"_moveit_config demo.launch }

*BEHIE. http://docs.ros.org/kinetic/api/moveit_tutorials/html/doc/trac_ik/trac_ik_tutorial.html
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> |IKFast, FHRosen DiankovZgE BIOpenRAVEIZSHAL X EREFIR 1 ;

> AJUKRBEREREHENIZIFLE (BBARE) , H

(g0C++) FEER;

> EBIRE. REIR, EaniyEss ERELISHAMRRE T

/F

=4

R REIR S BT

* 8E5H%%. http://openrave.org/docs/0.8.2/openravepy/ikfast/
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/ $ sudo apt-get install cmake g++ git ipython minizip python-dev python-h5py python-numpy python-scipy qt4—\
dev-tools
g‘t%ﬂk*ﬁ $ sudo apt-get install libassimp-dev libavcodec-dev libavformat-dev libavformat-dev libboost-all-dev libboost-
Ef?*ﬂlﬁ date-time-dev libbullet-dev libfaac-dev libglew-dev libgsm1-dev liblapack-dev liblog4cxx-dev libmpfr-dev libode-
dev libogg-dev libpcrecpp0v5 libpcre3-dev libghull-dev libgt4-dev libsogt-dev-common libsoqt4-dev libswscale-
\ dev libswscale-dev libvorbis-dev libx264-dev libxml2-dev libxvidcore-dev /

/ $ sudo apt-get install libcairo2-dev libjasper-dev libpoppler-glib-dev libsdl2-dev libtiff5-dev libxrand r—dev\
$ git clone https://github.com/openscenegraph/OpenSceneGraph.git --branch OpenSceneGraph-3.4

$ cd OpenSceneGraph

$ mkdir build; cd build

$ cmake .. -DDESIRED_QT_VERSION=4

$ make -j$(nproc)

k $ sudo make install /

*8EHIE. http://docs.ros.org/kinetic/api/moveit_tutorials/html/doc/ikfast/ikfast_tutorial.html

2= o
T

OpenSceneGraph
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S pip install --upgrade --user sympy==0.7.1

=i#EPythonIT A
S sudo apt remove python-mpmath
i |KFastfl S sudo apt-get install ros-kinetic-moveit-kinematics
OpenRavelj&E S sudo apt-get install ros-kinetic-openrave

~N
J

$ export MYROBOT_NAME="probot_anno"

el collada>X{¥ $rosrunxacro xacro --inorder -0 "SMYROBOT_NAME".urdf "SMYROBOT_NAME".xacro
S rosrun collada_urdf urdf_to_collada "SMYROBOT_NAME".urdf "SMYROBOT_NAME".dae

- J
4 $ export IKFAST_PRECISION="5" )
ﬁl 24 2 S cp "SMYROBOT_NAME".dae "SMYROBOT_NAME".backup.dae
JL a€ ﬁ: $ rosrun moveit_kinematics round_collada_numbers.py "SMYROBOT_NAME".dae "SMYROBOT_NAME".dae
\_ "SIKFAST_PRECISION" )

*8EHIE. http://docs.ros.org/kinetic/api/moveit_tutorials/html/doc/ikfast/ikfast_tutorial.html
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S openrave-robot.py "SMYROBOT_NAME".dae --info links
S openrave "SMYROBOT_NAME".dae

EREMRNIRE

@ © @ oOpenRAVE 0.9.0 (Development Version)

Py st e OMD

- urdf ! ".dae --info links
index parents

base footprint

base link base footprint
link 1 base link

link 2 link 1

link 3 link 2
link 4 link 3
link 5 link 4

index parents

*8EHIE. http://docs.ros.org/kinetic/api/moveit_tutorials/html/doc/ikfast/ikfast_tutorial.html
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/ $ export PLANNING_GROUP="manipulator" \
S export BASE_LINK="1"
H ﬁﬁ*I S export EEF_LINK= “8"
= $ export IKFAST_OUTPUT_PATH="pwd " /ikfast61_"SPLANNING_GROUP".cpp
r‘-ifq: $ python " openrave-config --python-dir" Jopenravepy/_openravepy_/ikfast.py --robot="$MYROBOT_NAME".dae
--iktype=transform6d --baselink="$BASE_LINK" --eelink="$EEF_LINK" --savefile="SIKFAST_OUTPUT_PATH"

k ERL MMBRIRMETERTREDS, allRiRE /
/ S export MOVEIT_IK_PLUGIN_PKG="SMYROBOT_NAME"_ikfast_"SPLANNING_GROUP"_plugin \

S cd ~/catkin_ws/src

QUE -—14: $ catkin_create_pkg "SMOVEIT_IK_PLUGIN_PKG"
. $ rosrun moveit_kinematics create_ikfast_moveit_plugin.py "SMYROBOT_NAME" "SPLANNING_GROUP"

"SMOVEIT_IK_PLUGIN_PKG" "SIKFAST_OUTPUT_PATH *
k S cd ~/catkin_ws & catkin_make /

*8EHIE. http://docs.ros.org/kinetic/api/moveit_tutorials/html/doc/ikfast/ikfast_tutorial.html
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%é\g;;:! S rosed "SMYROBOT_NAME"_moveit_config/config/kinematics.yaml

manipulator:
kinematics solver: probot anno manipulator kinematics/IKFastKinematicsPlugin
kinematics solver search resolution:

\\; kinematics solver timeout: 4//

[ MK IKFastififE S sudo probot_anno_moveit_config demo.launch J

*IRBERETHE, IKFastifFth EERER

*8EHIE. http://docs.ros.org/kinetic/api/moveit_tutorials/html/doc/ikfast/ikfast_tutorial.html
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JHCHYMERE, DEEER, LIMELTINEE:

(1) BElizzh: HiMEXimselENNZNAEs, FEMECREREBERO;

(2) MBEENX: FHMINFRIAENDE, 48R1/A0NER, HemiEsh, Fli: FaEF20
TR, SR E—, REFIIT R (BERSTEEMER) , B5EiEsEh;

(3) ZMTELED): SERELRFNTNHHE. ERNMNELER, BEEohEERRE,

2. Bz ahFift:
(1) BEEETRAC-IKzzhFHfF, WidaiTU LBliE;
(2) BECEIKFASTizahFiEMF, MXiETU LBl (&)



® Movelt! APl Document
http://moveit.ros.org/code-api/

® ROSE AR SEH — Movelt! PEERhFIEH S
https://mp.weixin.qg.com/s/Ce64XdT8GxjbejeQOayiFw

® |IKFAST Tutorials
http://docs.ros.org/kinetic/api/moveit tutorials/html/doc/ikfast/ikfast tutorial.html

® (Introduction to ROBOTICS) , John J. Craig, Chapter 3~4



http://moveit.ros.org/code-api/
https://mp.weixin.qq.com/s/Ce64XdT8GxjbejeQOayiFw
http://docs.ros.org/kinetic/api/moveit_tutorials/html/doc/ikfast/ikfast_tutorial.html

Thank You

BAARELS, #—TF5—THX=

EZRR, WdxXE




