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Projects...

Next deadline : Oct 23; Detailed plan due

* Specific goals for Milestone 1 (Nov 6)
Your (rough) control formulation
* How you will test your controller (in sim)
Any hardware requirements for your project
* Expected time required on your robot

Milestone 1:
* Have some controller implemented in sim

Milestone 2:
 Have project practically complete (except for
minor fine-tuning)
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Projects : Submitting a detailed plan

CS225A Home Projects Control & Simulation Piazza Stanford Robotics

MY PROJECT TITLE, Fall 2014
Abstract

We made a robot do this cool things using operational space control.

Members

Asimo Skelebot Kuka LWR Puma 500

http://cs.stanford.edu/groups/manips/teaching/cs225a/project-template.html
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Control Formulation for Multiple Tasks
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How to implement multiple tasks

Robot Servo Robot Model
Ri=1I - M-t (J[(q,%) * J{(q,x))

TaskModel(i)
CTaskServo J(q,x), JT*A(q,x)
| — : ; i sx)s
CServo *R1 I't _Jl(q) [A(q) F*(qaq ) + b(qa q ) + g(q)] |Joint Space u(q, Q', X, X'), p(q, X)
__T2[=J(a,x) [ Adg;x) F*(xx") + CTaskServo =
y Rz 1, q', X, x') + p(q, X) + Feontact | | Task Space ' 7y
Robot ¢ I'robot ——=—
_ CTaskServo

R I't | = End null space torques Null Space CJSpaceModel

A(q), b(q, q"), g(q)

Robot Sensors : Read (q, q', X, X',Fcontact)

* SCL handles most of the code for you

* Your primary job will be to write “Control Tasks” &
specify “Control trajectories”

A task == Some continuous controller in some
specific space (e.g., xyz PD control at the hand)
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SCL : Watch the repository

'© samirmenon /sckmar. x

€ - C # [B Atlassian, Inc.[US]] https://bitbucket.org/samirmenon/sctmanips-v2/overview

h OVerVieW SSH~ git@bitbucket.org:samirmenon/scl-man = [ Share o -

Last updated 13 seconds ago 1 1
Fork of  samirmenon/scl Branch Tag
Website  http://web.stanford.edu/~smenon/scl.html
Language C++ O 4
Access level  Admin Forks Watchers

# Edit README

scl: Standard Control Library
A control and interactive simulation library
Author: Samir Menon <smenon@stanford.edu>

Wiki: https://bitbucket.org/samirmenon/scl-manips-v2/wiki

== Getting started ==

=== 1.Install additional dependencies. ===
Open a terminal (ctrl+alt+t) and type:
$ sudo apt-get install build-essential cmake libusb-dev libpci-dev freeglut3-dev libncurses5-dev git

=== 2. Get the code. ===
I will assume you will get this on to your documents folder. Again, on the terminal:

$ cd ~/Documents
$ git clone https://<your-bitbucket-id>@bitbucket.org/samirmenon/scl-manips-v2.git scl-manips-v2.git

=== 3. Compile all the libraries. ===
Compile the scl library and related 3rdparty libraries (Chai-graphics, yaml) all in one step

$ cd scl-manips-v2.git/applications-linux/scl_lib
$ sh make_everything.sh

=== 4. Explore the tutorials.

Recent activity

B 10 commits

Pushed to samirmenon/scl-manips-v2
a8f0f43 Merged samirmenon/scl into mas...
93aeebb Adding a custom scene
3e67716 Adding a readme
381d108 Adding compile scripts
7058388 Adding a new task tutorial

+5more...

Samir Menon - 13 seconds ago

a install/Eclipse Wa tc h
Wiki page updated in samirmenon/scl-manips-

v2
Sam Fok - yesterday

B Home

Wiki page updated in samirmenon/scl-manips-
v2

Samir Menon - 2 days ago

B Home

Wiki page updated in samirmenon/scl-manips-
v2

Samir Menon - 2 days ago

g Configuring Eclipse to use a different c...
Wiki page created in samirmenon/scl-manips-
v2
Vivek Nair - 2 days ago

B 4 commits

Pushed to samirmenon/scl-manips-v2

afe47f4 Merged samirmenon/scl into mas...

Cfnmnn Hladatica Fiaam ta AAALATEL A~NA

Stanford University



SCL Update : git pull + make everything

* Please update SCL to get the advanced tutorial

Get the latest code:
* $ cd <base dir>/scl.git
* $ git stash (save your local changes)
* $ git pull
* $ git stash pop (restore your changes)

* Rebuild the SCL core library:

* You have updated scl code, so you need to
recompile the library

* $ cd applications-linux/scl _lib
* $ sh make everything.sh
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Set up new control task

<controller name="opc"> . H
ctypestaske/ types * Issue : Specify new task type
<must_use_robot>Stanbot</must_use_robot>
<task name="hand">
<type>TaskOpPos</type>
<parent_link>right-hand</parent_link>
<pos_in_parent>0.01 0.01 0.01</pos_1in_parent>
<priority>0</priority>
<task_dof>3</task_dof>
<kp>100</kp>
<kv>20</kv>
<ka>0</ka>
<force_max>1000</force_max>
<force_min>-1000</force_min>

</task>

<task name="hand2">
<type>TaskCustom</type>
<parent_link>left-hand</parent_link>
<pos_1in_parent>0.01 0.01 0.01</pos_1in_parent>
<priority>0</priority>
<task_dof>3</task_dof>
<kp>100</kp>
<kv>20</kv>
<ka>0</ka>
<force_max>1000</force_max>
<force_min>-1000</force_min>

</task>

<task name="GcTask">
<type>TaskGc</type>
<priority>l</priority>
<task_dof>0</task_dof>
<kp>100</kp>
<kv>20</kv>
<ka>0</ka>
<force_max>10000</force_max>
<force_min>-10000</force_min>

</task>

</controller>
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Set up new control task

scl_advanced_creating_new_tasks

aHome Code control scl.git tutorial scl_adva...ew_tasks

Places = & 3 m -
©Recent build rel CMakeList CTaskCust CTaskCust make dbg. make_rel.
aHome s.txt om.cpp om.hpp sh sh
g B @ 4 / i i
B README. scl_ scl_ StanbotCu STaskCust STaskCust
¢ Downloads Ext advanced_ advanced_ stomcCfg. om.cpp om.hpp
dAMusic creating_  creating_ xml

S ke new_tasks new_tasks.

HVideos BR

@Trash

Advanced tutorial :

scl.git/tutorial/scl_advanced creating_new_tasks
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Set up new control task (computation)

scl_advanced_creating_new_tasks

aHome Code control scl.git tutorial scl_adva...ew_tasks

,J#
for

CTaskCust |make_dbag.

om.hpp sh

Places = | i r
©Recent build rel CMakeList| CTaskCust
A Home s.kxt om.cpp
E i *

0 geSktop t ‘IT':J <’> ior

" DOCUMENES  pEADME. scl scl

¢« Downloads Ext advanced_ advanced_
dAMusic creating_  creating_
& Pictures new_tasks new_tasks.
HVideos BR
@Trash

Advanced tutorial :

’{*
for

/

StanbotCu STaskCust
stomCfg. om.cpp
xml

make_rel.
sh

/‘de
for

STaskCust
om.hpp

scl.git/tutorial/scl_advanced creating_new_tasks
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Set up new control task ( )

scl_advanced_creating_new_tasks

aHome Code control scl.git tutorial scl_adva...ew_tasks

Places o ™ B m 3 -
©Recent build rel CMakeList| CTaskCust CTaskCust |make dbg. make_rel.
aHome s.txt om.cpp om.hpp sh sh
g B @ 4 / i A
B README. scl_ sc_  StanbotCu | STaskCust STaskCust
¢« Downloads Ext advanced_ advanced_ stomCfg. om.cpp om.hpp
dAMusic creating_  creating_ xml

S ke new_tasks new_tasks.

HVideos BR

@Trash

Advanced tutorial :

scl.git/tutorial/scl_advanced creating_new_tasks
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Set up new control task (custom config file)

scl_advanced_creating_new_tasks

aHome Code control scl.git tutorial scl_adva...ew_tasks

Places o ™ B m 3 -
©Recent build rel CMakeList| CTaskCust CTaskCust |make dbg. make_rel.
aHome s.txt om.cpp om.hpp sh sh
g B @ 4 / i A
B README. scl_ scl_  |StanbotCyl| STaskCust STaskCust
¢« Downloads Ext advanced_ advanced_ | stomCfg. om.cpp om.hpp
dAMusic creating_  creating_ xml

S ke new_tasks new_tasks.

HVideos BR

@Trash

Advanced tutorial :

scl.git/tutorial/scl_advanced creating_new_tasks
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Before we start : Improve coding/debugging

C/C++ - scl/tutorial/scl_advanced_creating_new_tasks/scl_advanced_creating_new_tasks.cpp - Eclipse

il O B wiwis
& Project Explorer= = ©
B % e

T LD VULITIPP
» @ CTaskBase.hpp
» & CControllerBase.hpj
»=data_structs
» =dynamics
»egraphics
»e=haptics
»eparser
rerobot
»=data_structs
» @ CActuatedArticulate
» & CActuatedArticulate
» @ CRobot.cpp
» & CRobot.hpp
» @ CRobotApp.cpp
» @ CRobotApp.hpp
» @DbRegisterFunction
» @ DbRegisterFunction
» @ GenericCallbacks.hp
» & GenericPrintables.h
*=sensing
= trajectory
» = util
» @DataTypes.hpp
» Bscl.hpp
» wSingletons.hpp
»e=scl_ext
vetutorial
=scl_advanced_control
»escl_advanced_control

»e=scl_advanced control

(=TT

E v & v

Er@ritrOr Q@ ®c 5 vidlvilet o

Bscl_advanced _creating_ = ESTaskCustom.hpp @CTaskCustom.cpp ECTaskCustom.hpp = @

{

// Controller :

omp_set_num_threads(2);
int thread _id; double tstart, tcurr; flag = false;

/******************************Simulation************************************/

// Now let us integrate the model for a variety of timesteps and see energy stab
std::cout<<"\nIntegrating the robot's physics. \nWill test two different control
long long iter = 0; double dt=0.001;

#pragma omp parallel private(thread id)
{

thread id = omp_get_thread_num();
if(thread_id==1) //Simulate physics and update the rio data structure..

Operational space controller

Std::cout<<"\n\n************************************************************
<<"\n Starting op space (task coordinate) controller..."

<<"\n This will move the humanoid's hands in circles."

<<"\n NOTE: This controller works with the system clock. So it will"

{

<<"\n

behave differently on different computers."

<<"\n\n Press 'l' to flip control of the left hand \nto either the {sw,d
<<"\n***************************************************************";
tstart = sutil::CSystemClock: :getSysTime(); iter = 0;

while(true == scl chai glut interface::CChaiGlobals::getData()->chai glut ru

tcurr = sutil::CSystemClock::getSysTime();

// Move the right hand
rtask_hand->x_goal (0)
rtask hand->x goal (1)
rtask hand->x goal (2)

// Move the left hand in

in a sine wave
0.15*sin(tcurr-tstart)-0.15;
0.25*%cos(tcurr-tstart);
-0.25;

a different sine wave

if(!db->s gui_.ui_flag [1]){

rtask lhand->x goal (0)
rtask lhand->x_goal (1)
rtask lhand->x goal (2)

}
elsel

0.15*sin((tcurr-tstart)*4.0)-0.05;
0.15*%cos((tcurr-tstart)*4.0)+0.45;
-0.1;

Wiritable Smart Insert  189:13

Q

| B |RC/C++ #Debug

E0utli = =B

=

=

[

[

=

=

=

=

=

[

[

[

=

=

=

=

=

[

[

SIS S
scl/DataTypes.hpp
scl/Singletons.hpp
scl/data_structs/SGcModel.h
scl/dynamics/scl/CDynamicsS
scl/dynamics/tao/CDynamics’
scl/parser/sclparser/CParserS
scl/graphics/chai/CGraphicsCl
scl/graphics/chai/ChaiGlutHa
scl/control/task/CControllerh
scl/control/task/tasks/data_s
scl/robot/DbRegisterFunctio
scl/util/DatabaseUtils.hpp
scl/util/HelperFunctions.hpp
CTaskCustom.hpp
STaskCustom.hpp
sutil/CSystemClock.hpp
Eigen/Dense

iostream

omp.h

GL/freeglut.h

main(int, char**) : int
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Show how to set up compile/debug...

* Set up the compile and debug process “for your
application” in Eclipse
* Will make debugging easier
* The example on the wiki does this for an
example control application
* Replace the application's paths with your own

* Follow the wiki instructions here:
https://bitbucket.org/samirmenon/scl-manips-v2/wiki/configure/Eclipse?2
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SCL : Stanbot w/ Prioritized Hand Tasks
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Run New Task on Different robot

e Let's do it from scratch...

* Watch and learn how to set up a new scene
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Modify the controller : STaskCustom

class STaskCustom : public scl::STaskBase

{

public:
//Computed attributes (last measured, in x dimensional task-space)
Eigen::VectorXd x_; //Position in the global frame
Eigen::VectorXd dx_; //Velocity in the global frame
Eigen::VectorXd ddx ; //Acceleration in the global frame
Eigen::VectorXd x goal ; //Goal Position in the global frame
Eigen::VectorXd dx goal ; //Goal Velocity in the global frame
Eigen::VectorXd ddx goal ; //Goal Acceleration in the global frame
Eigen::Vector3d pos in parent ; //Position in the parent link's local frame (x,y,z)
std::string link name ; //The parent link
const scl::SRigidBody *1link ds_; //The parent link's parsed data structure
scl::sFloat spatial resolution_; //Meters
const scl::SRigidBodyDyn *rbd ; //For quickly obtaining a task Jacobian

bool enable wonky behavfior ;
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Modify the controller : CTaskCustom

//0btain force to be applied to a unit mass floating about

//in space (ie. A dynamically decoupled mass).

data ->ddx = data ->ka .array() * (data ->ddx goal - data ->ddx ).array();
data ->ddx_ += tmp2 + tmpl;

data ->ddx = data ->ddx .array().min(data ->force task max_ .array());//Min of self and max
data ->ddx = data ->ddx .array().max(data ->force task min .array());//Max of self and min
if(flag _compute gravity )

{ data ->force task = data ->M task * data ->ddx - data ->force task grav ; 1}

else

{ data ->force task = data ->M task * data ->ddx ; }

if(data ->enable wonky behavior )

{
std::cout<<"\n Good force : "<<data ->force task .transpose();
Eigen::Vector3d tmp = Eigen::Vector3d::Random() * data ->force task .maxCoeff()*3;
data ->force task += tmp;
std::cout<<"\n Wonky force : "<<data ->force task .transpose();
}
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Modify the app : Set up trajectory
scl advanced creating new tasks.cpp

// Move the left hand in a different sine wave

if(!db->s gui .ui flag [1]){
rtask lhand->x goal (0) = 0.15*sin((tcurr-tstart)*4.0)-0.05;
rtask lhand->x _goal (1) = 0.15*cos((tcurr-tstart)*4.0)+0.45;
rtask lhand->x _goal (2) = -0.1;

}

else

{ rtask lhand->x goal = db->s gui .ui point [0]; }

// Enable wonky behavior if we set a different flag
if(db->s gui .ui flag [9])

{ rtask lhand->enable wonky behavior = true; }
else
{ rtask lhand->enable wonky behavior = false; }
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Modify the app : Do other stuff
scl advanced creating new tasks.cpp

// Move the left hand in a different sine wave

if(!db->s gui .ui flag [1]){
rtask lhand->x goal (0) = 0.15*sin((tcurr-tstart)*4.0)-0.05;
rtask lhand->x _goal (1) = 0.15*cos((tcurr-tstart)*4.0)+0.45;
rtask lhand->x _goal (2) = -0.1;

}

else

{ rtask lhand->x goal = db->s gui .ui point [0]; }

// Enable wonky behavior if we set a different flag
if(db->s gui .ui flag [9])

{ rtask lhand->enable wonky behavior = true; }
else
{ rtask lhand->enable wonky behavior = false; }
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Groups introduce themselves!!!
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