CS225A : Experimental Robotics

Lecture 4 : Simulation & Graphics
(Aka.. All the details you (n)ever wanted)
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Supported Project : Robotic Control
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Supported Project : Robotics Projects

Simulation
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Supported Project : Robotics Projects

) . Testing (if feasible)
Simulation
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Supported Project : Haptics & Simulation
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Supported Project : Haptics & Simulation

Keyboard/Mouse Control
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Supported Project : Haptics & Simulation

Simulation
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Supported Project : Human Motion
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Supported Project : Human Motion

Whole body control
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Supported Project : Human Motion

Motion/Trajectory Mapping Whole body control
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Limited spots for each project class

** Rules and conditions apply
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Limited spots for each project class

** Rules and conditions apply
K/)/]

** Rules and conditions apply
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Connecting theory to software....

Robot Servo

Robot Model
Ri=1I - Oj-1:1 (JT(q,x) * TG,
! i (J(9%) J(#q v) TaskModel(i)
, CTaskServo T(@,%), JA(g,%),
CServo *_Rl|r1 =Ji(q) [A(q) F*(q,q") + b(q, q") + g(q)] |Joint Space n(q, q' X, x"), p(q, x)
- I'2|=1(q,%) [ A(q,x) F*(x,x") + CTaskServo T
y Rz 1, q', X, x') + p(q, X) + Feontact | | Task Space ' 7y
Robot ¢ I'robot ——=—]
_ CTaskServo
o I't | = End null space torques Null Space CISpaceModel
A(q), b(q, 9", g(q)
Robot Sensors : Read (q, q', X, X',Fcontact)

* Basic kinematics : x_ee, dx_ee, ] = f(q)
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Connecting theory to software....

Robot Servo

Robot Model

Ri=1 - j-1:ia (JJT(q,X) * JJT(#‘LX))

CServo *;RJ]“

)

=J1(q) [A(q) F*(q,q") + b(q, q') + g(q)] |
I'2|=J1(q,x) [ A(q,x) F*(x,x") +

*Ra2

Robot ¢ I'robot <—Z

u(qs q'a X, X') + p(q, X) + Fcontact ]

I't | = End null space torques

*Re¢

CTaskServo
Joint Space

CTaskServo
Task Space

CTaskServo
Null Space

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

n(q, q', x, x"), p(q, x)

TaskModel(i)
T(@:%), T'A(g,%),

A

CJSpaceModel
A(9), b(q, "), g(q)

* Basic kinematics : x_ee, dx_ee, ] = f(q)

* Forces and potential fields : F_x = pid(x_err)
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Connecting theory to software....

Robot Servo

Robot Model
Ri=1I - =11 (J(q,%) * J(q,
! i (@0 * Ji(@) TaskModel(i)
‘ CTaskServo T(@,x), T5*A(q,x),
CServo *—R1|F1 =J(q) [A(q) F*(q,q") + b(q, q') + g(q)] |Joint Space n(q, q', x, x"), p(q, X)
_ I'2|=1}(q,x) [ A(q,x) F*(x,x") + CTaskServo T
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, 9", g(q)
Robot Sensors : Read (q, q', X, X',Fcontact)

* Basic kinematics : x_ee, dx_ee, ] = f(q)

* Forces and potential fields : F_x = pid(x_err)

* Inertias : Mgc, Mx
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Connecting theory to software....

Robot Servo Robot Model
Ri=1I - Oj-1:1 (JT(q,x) * TG,
! i (J(9%) J(#q ©) TaskModel(i)
, CTaskServo T(q,%), J5A(q,x),
CServo *R1 I't =J1r(q) [A(q) F*(qaq') + b(qa q') + g(q)] |Joint Space ll(q, q" X, X'), p(q, X)
- I'2|=1(q,%) [ A(q,x) F*(x,x") + CTaskServo T
y Rz 1, q', X, x') + p(q, X) + Feontact | | Task Space ' 7y
Robot ¢ I'robot ——=—
_ CTaskServo
o I't | = End null space torques Null Space CISpaceModel
A(q), b(q, q"), g(q)
Robot Sensors : Read (q, q', X, X',Fcontact)

Basic kinematics : x_ee, dx _ee, ] = f(q)

Forces and potential fields : F_x = pid(x_err)

* Inertias : Mgc, Mx

Subspace projections : Null J, ] dyn_inv
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SCL : Avalilable resources....

F =@ 9 standard contro i * Y\

«

cH o

rd+conaqs=chrome.0.69i59)69i57j69i6113.2924j0]1&sourceid=chrome&es_sm=122&ie=UTF-8

©

GO 816 standard control library

Web Maps News Images Shopping More ~ Search tools

About 167,000,000 results (0.21 seconds)

Standard Control Library

web.stanford.edu/~smenon/scl.html ¥ Stanford University

Sep 3, 2014 - ... Whole-Body Multi-Task Control. Whole-Body Control: SCL controls
three very different robots using the same operational space controller.

Standard instrument control library - Dictionary.com
dictionary.reference.com/.../standard+instrument+control... ¥ Dictionary.com
Standard instrument control library definition at Dictionary.com, a free online dictionary
with pronunciation, synonyms and translation. Look it up now!

Instrument control - Wikipedia, the free encyclopedia
en.wikipedia.org/wiki/Instrument_control ¥ Wikipedia

The standard was updated in 1987 and again in 1992 This bus is known by three
different ... These drivers require a VISA library to be to installed on the PC.
History - Software - See also - References

Windows Controls (Windows) - MSDN - Microsoft

msdn.microsoft.com/.../library/.../bb77317... ¥ Microsoft Developer Network

%0 =
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SCL : Available resources....

B standard control libra x

€ C # B hitps//wwwgoogle.com/searchzg=standardcontrol+library&

G() Sle standard control library

73 standard Control Libr.

cf

Web Maps News Images Shopping More ~ Search tools

web.stanford.edu/~s:

HOME HAPTIC FMRI HUMAN MOTOR CONTROL SPIKING NETWORKS
About 167,000,000 results (0.21 seconds)

Standard Control Library STANDARD CONTROL LIBRARY

web.stanford.edu/~smenon/scl.html ¥ Stanford University
Sep 3, 2014 - ... Whole-Body Multi-Task Control. Whole-Body Control: SCL controls 2 rk F ) ul T
three very different robots using the same operational space controller.

Standard instrument control library - Dictionary.com
dictionary.reference.com/.../standard+instrument+control... ¥ Dictionary.com
Standard instrument control library definition at Dictionary.com, a free online dictionary
with pronunciation, synonyms and translation. Look it up now!

Instrument control - Wikipedia, the free encyclopedia
en.wikipedia.org/wiki/Instrument_control ¥ Wikipedia

The standard was updated in 1987 and again in 1992 This bus is known by three
different ... These drivers require a VISA library to be to installed on the PC.
History - Software - See also - References

Windows Controls (Windows) - MSDN - Microsoft

msdn.microsoft.com/.../library/.../bb77317... ¥ Microsoft Developer Network

» 1 7 @

Whole-Body Control: SCL controls three very different robots using the same operational space controller.

SCL CODE REPOSITORY & WIKI SCL CODE TUTORIALS CONTROL MATH TUTORIALS : 3-DOF AND 6-DOF

SCL CLASS DESCRIPTIONS

OUR METHODS

Standard Control Library (SCL) is a control and simulation framework that aims to provide a genericimplementation of robot agnostic control algorithms for use in
simulation or on real robots. It achieves robot agnostic control by specifying closed loop control tasks in operational space, which can then be projected on to the articulated
body dynamics for arbitrary robots. Multiple control tasks are readily accommodated using a prioritized control subspaces, which disallow competing control tasks from

interfering and destabilizing the controller.
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SCL : The Wikl

) Standard Control Libr. x [ SCL:Classindex___x menon /sckmar
« C & Atlassian, Inc. [US]|

9 Bitbucket Dashboard ~ Teams v Repositories ~ Create

h Wiki ¥, Clone wiki + Create page

scl-manips-v2 / Home View History = Edit

Welcome to SCL's manips group page

Getting Started with the Wiki

« How to Create a Page

« How to Add Images/Files

« Original Wiki Help Page

« Some helpful bash commands

Installation and Help

Install Linux

Getting started with the Simulator
Setting up locally the scl-manips-wiki
Install Eclipse

Configure Eclipse for code editing
Configure Eclipse for compiling project
Configure Qt Creator for coding
Using git

Setting up ssh access

Using vim

Using Ubuntu

How to do MAKE-files

How to do CMAKE-files

o]

Bugs Merging Master

« Merging after update to Chai3d 3.0

SCL Extensions

« Brian's GUI Extensions
« Brian's Trajectory Extensions

Feel free to edit it! Some links might be stale.
Also feel free to notify the TAs...
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SCL : The Documentation

1) Standard Control Libr. ¥ 5] SCL: Class Index samirmenon /sclman x 1 @ samirmenon /sclman x
€ | [ webstanford.edu/~smenon/scl/doxy/classes.html % g0 =
SCL 10
Standard Control Library : Control, dynamics, physics, and simulation
Main Page Related Pages ‘ Modules ‘ Namespaces Classes Files Q- Search
Class List Class Hierarchy \ Class Members \
Class Index
A[C|D|E|I|IM|N|S|T
CParserOsim (scl)
ﬁ CParserOsimForOldFiles (scl) a
Activity (scl_test) CParserSai (scl) SActuatorMuscle (scl)
pr CParserScl (scl) SActuatorSetBase (scl)
CParserSclITiXml (scl) SActuatorSetMuscle (scl)
CActuatorBase (scl) CRegisteredCallbacks (sutil) SActuatorSetMuscleParsed (scl)
CActuatorMuscle (scl) CRegisteredDynamicTypes (sutil) SActuatorSetParsed (scl)
CActuatorSetBase (scl) CRepCreator3d (scl_ext) SActuatorSettings (scl)
CActuatorSetMuscle (scl) CRobot (scl) Model::SAncestryEntry (jspace)
CcCallbackBase (sutil) CRobotApp (scl) SChaiGlobals (scl_chai_glut_interface)
CcCallbackDecrement (scl) CSensorBase (scl) SControllerBase (scl)
CcCallbackEcho (scl) CSensorSetBase (scl) SControllerData (scl)
CCallbackHelp (scl) CServo (scl) SControllerGe (scl)
CcCallbackincrement (scl) CSharedMemory (sutil) SControllerMultiTask (scl)
CcCallbackPrint (scl) CSimbodyDynamics (scl) SDatabase (scl)
CcCallbacksSet (scl) CsSingleton (sutil) SForce (scl)
CcCallbackSuperBase (sutil) CSystemClock (sutil) SForceContact (scl)
CControllerBase (scl) CTaoRepCreator (scl) SGcModel (scl)
CControllerGe (scl) CTaskBase (scl) SGraphicsChai (scl)
CControllerMultiTask (scl) CTaskComPos (scl) SGraphicsChaiMesh (scl)
CDynamics3d (scl_ext) CTaskGc (scl) SGraphicsChaiMuscleSet::SGraphicsChaiMuscle (scl)
CDynamicsAnalyticBase (scl) CTaskGcLimitCentering (scl) SGraphicsChaiMuscleSet::SGraphicsChaiMuscle::SGraphicsChaiMuscleP¢
CDynamicsAnalyticRPP (scl) CTaskGcSet (scl) SGraphicsChaiMuscleSet (scl)
CDynamicsBase (scl) CTaskNULL (scl) SGraphicsChaiRigidBody (scl)
CDynamicsScl (scl) CTaskNullSpaceDamping (scl) SGraphicsParsed (scl)
CDynamicsSclSpatial (scl_ext) CTaskOpPos (scl) SGuiData (scl)
CDynamicsTao (scl) CTaskOpPosContactForce (scl) SlOData (scl) -

The S<Name> pages correspond to data structures
Do take a look! (no code; only data)
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SCL : The Bug Tracker

) Standard Control Libr. x Y [ SCL:Class ndex Y @ samirmenon /sckman x Y © samirmenon /sclmar,

€ # |8 Atlassian, Inc. [US] it p: —new&status=open % g0 =
= U Bitbucket Dashboard v Teams~ Repositories v | Create owner/repository S
h Issues + Create issue
Filters: Al Open My issues  Watching Advanced search | Q Find issues
aul
g Issues (1-25 of 48)
¢ Title T P Status Votes Assignee Created Updated ~
#149: Add Romeo model ¥ NEW 2014-09-09 2014-09-09
#137: Energy Difference Between O] 2 NEW 3 samir Menon 2014-03-21 2014-08-30
B SCL and Dynamics3d
EJ" #146: Orientation specifiedin XML (¢ 4 NEW B} Kenji Hata 2014-05-10 2014-05-10
files does not work with prismatic
D joints
s #144: Joint Limit O] ¥ NEW B} Kenji Hata 2014-05-10 2014-05-10
#142: SCL Documentation + NEW K} Brian Soe 2014-04-17 2014-04-21
-t:(- #34: Mouse force drag: graphics » NEW X} Brian Soe 2013-01-07 2014-04-19
object metadata
#19: Allow attaching a camera to +v NEW B} Brian Soe 2012-08-11 2014-04-19
any arbitrary link of the robot
#141: Inconsistency with gravity ®© T NEW 3 samir Menon 2014-04-16 2014-04-16
signs in controllers
#140: Current CControllerGC is O] W NEW 3 samir Menon 2014-04-15 2014-04-16
useless / incorrect
#139: Wrong sign in example ® v NEW 3 samir Menon 2014-04-09 2014-04-09
controller
#138: Accessing link Pos/Rot in v NEW 3 samir Menon 2014-04-01 2014-04-01
stepMySimulation
#130: CRobotApp name change v NEW K} Brian Soe 2014-02-17 2014-03-26
»
#131: combinina initialization + L NEW M2 Rrian Soe 2014-02-17 2014-03-26 -

If you find a bug. Report it!!
Valid and non-trivial bug reports will earn you extra credit!
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SCL : L|brary Architecture

A lot of (almost) independent modules
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SCL : L|brary Architecture

dard Conts S| ]
€ & C A [7webstanford.edu/-sm / vheml & L0 =

SCL HOME L TUTEO  TUTE1T  TUTE2  TUTE3  TUTEA  TUTES  TUTE6

A lot of (almost) independent modules
(Tied together by shared data structures)

Stanford University



SCL : A glance at the code....

C/C++ - scl/src/scl/data_structs/SGcModel.hpp - Eclipse

il E B Ry @ W

&Project Explorer= = @
B % e
rescl
»# Binaries
*#&Archives
»a@Includes
»=3rdparty
»=applications-linux
»=applications-web
*=doc
re=specs
& SIC
v&scl
»eractuation
»zcontrol
ve=data_structs
» B SActuatorSetMuscle
» B SActuatorSetMuscle
»& SActuatorSetParsed
» & SDatabase.hpp
» & SForce.hpp
»# SGcModel.cpp
» & SGcModel.hpp
> B SGraphicsParsed.hp|
» & SObject.hpp
» & SRigidBody.cpp
» & SRigidBody.hpp
» & SRigidBodyDyn.hpp
»# SRobotlO.cpp
» 8 SRobotlO.hpp
» 8 SRobotParsed.hpp
» & SUIParsed.hpp
» m SVirtualLinkage.hpp

»=dynamics
——tiaacanhice

@vﬁﬁ-g-@-#{;-o-&-gvggg”-‘{!‘-{},- - &

#SGcModel.hpp = =

-namespace scl

/*
*

*
*
*
*

*

cl

pu

* A data structure to store the joint space model.

This model serves as the foundation for all tasks

to compute their own models (mass, coriolis/centrifugal
and gravity).

Each controller data structure contains an object of
this type. */
ass SGcModel : public SObject

/* sk 3k sk sk sk ok sk ok ske sk sk sk sk ske sk sk sk sk sk skesk sk ke stk ske sk sk sk sk sk sk sk sk sk sk skek skl sk sk ske sk sk sk sk sk sk sk sk sk sioskk sk sk sk sk sk sk sk sk sk sk sk sk ok

* Data

sk ook ok okok ok ok sk sk sk sk sk ok sk sk ok sk ok ok ok ok ko kot ke sk sk sk sk sk sk sk sk ok ok s ok sk ok ke sk sk sk sk sk ok sk sk sk sk ok ko okok ok ook ok ok ok skok sk skokok ok */
blic:

// Eigen requires redefining the new operator for classes that contain fixed s
// See http://eigen.tuxfamily.org/dox/StructHavingEigenMembers.html

EIGEN MAKE ALIGNED OPERATOR NEW

/** M gc_: Generalized inertia matrix */
Eigen::MatrixXd M gc ;

/** M gc inv_ : Generalized inertia matrix inverse */
Eigen::MatrixXd M gc inv ;

/** force gc cc_ : Generalized coriolis+centrifugal force vector */
Eigen::VectorXd force gc_cc_;

/** force gc grav_ : Generalized gravity force vector */
Eigen::VectorXd force gc grav ;

/** The generalized coordinates and velocity at the time

* the model was last updated. Since the dynamics are completely
described by the generalized coordinates and velocities, we
don't need to store any higher derivatives.

NOTE : These may not match the actual generalized coordinates
and velocity due to time-delay introduced while computing

the model. Typically, this is irrelevant, but it might start
to be substantial when the dynamics are computed at a lower
rate or with human-like delavs. */

L I I

Writable Smart Insert  69:72

Q | ® | ®C/C++ #Debug
Eoutli = S0 s
EARRY e w T |E

# SGCMODEL_HPP_ :
1 scl/data_structs/SRobotPars( |

u scl/data_structs/SRigidBodyl m
a scl/DataTypes.hpp
u Eigen/Dense
u vector
"0 scl
v 6 SGcModel
» operator new(size_t) : void
+ operator new[](size_t): vo
+ operator delete(void*) : vo
» operator delete[](void*) :
*°operator new(size_t, void*
+*operator new[](size_t, void
operator delete(void*, voic
operator delete[](void*, va
operator new(size_t, const
operator delete(void*, con
eigen_aligned_operator_né¢
= M_gc_: Eigen::MatrixXd
M_gc inv_: Eigen:MatrixX
force_gc_cc_: Eigen::Vecto
force_gc_grav_: Eigen:Vec
q_: Eigen::VectorXd
dq_:Eigen:VectorXd
pos_com_: Eigen::Vector3c
mass_: sFloat
processing_order_: std::ve
computed_spatial_transfo
rbdyn_tree_: sutil::CMappe
vec_scratch_: Eigen::Vecto
SGcModel()

DAnhAFDarcadR)

@

®

®

®

&

°

°

°

°

°

°

o

°

o

°

°

®
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SCL : Building advanced controllers

2 SCL scl (v0.2)

samir@iconoclast: ~/Code/control/scl.git/applications-linux/scl_... =

scl>> print opc

H Name: opc(SControllerMultiTask)
Init : 1

=== Task #0:

Name: GcTask(STaskBase). Parent(opc)

Init/Active : 1/1

Priority 2

F_task : 0.57728 0.173316 -9.16557 17.5509 5.48349

40,8086 3.23895 25.5528 -32.2917 10.9884 14.7997 -0.

F_gc : -0.121823 -6.93889%e-18 -0.0104534 2.4162
-42.5706 0.00930233 2.58631 -0.760701 22

+15.19 29.0143 44.7439 73.1637

=== Task #1:
Name: hand2(STaskBase). Parent(opc)
Init/Active : 1/1
J Priority )
F_task : -5.24697 -41.0657 53.9382
Fgc ) 0 0
0 -7.12377e-17 0.677006 -0.64105
9382 -20.0954 -41.0657 -5.24697

=== Task #2:
| Name: hand(STaskBase). Parent(opc)
Init/Active : 1/1
Priority )
F_task : -0.10006 16.0626 27.3206
(¢] 0 4.70465e-17 0.749342
0 (¢] 0 (¢]
16.0626 -0.10006

jiscl>> |

CcontrollerMultiTask :: Specify your own tasks

https://bitbucket.org/samirmenon/scl-manips-v2/wiki/docu/additional_controllers
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Project Discussion / Questions...
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