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ORPA

ORCA is a c++ whole-body reactive controller meant to compute the desired actuation torque of a robot given some
tasks to perform and some constraints.

Getting Started 1
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CHAPTER 1

Motivation

1.1 Table of Contents

1.1.1 Installation and Configuration

This guide will take you through the steps to install ORCA on your machine. ORCA is cross platform so you should
be able to install it on Linux, OSX, and Windows.

Dependencies

* A modern c++11 compiler (gcc > 4.8 or clang > 3.8)
e cmake > 3.1

¢ iDynTree (optional, shipped)

qpOASES 3 (optional, shipped)

 Eigen 3 (optional, shipped)
* Gazebo 8 (optional)

ORCA is self contained! That means that is ships with both iDynTree and qpOASES inside the project, allowing
for fast installations and easy integration on other platforms. Therefore you can start by simply building ORCA from
source and it will include the necessary dependencies so you can get up and running.

Always keep in mind that it’s better to install the dependencies separately if you plan to use iDynTree or qpOASES
in other projects. For now only iDynTree headers appear in public headers, but will be removed eventually to ease the
distribution of this library.

If you want to install the dependencies separately please read the following section: [Installing the dependencies.
Otherwise, if you just want to get coding, then jump ahead to /nstalling ORCA.
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Note: You can almost always avoid calling sudo, by calling cmake ..
-DCMAKE_INSTALL_PREFIX=/some/dir and exporting the CMAKE_PREFIX_PATH variable: export
CMAKE_PREFIX_PATH=$CMAKE_PREFIX_ PATH:/some/dir.

Installing the dependencies

This installation requires you to build the dependencies separately, but will give you better control over versioning and
getting the latest features and bug fixes.

Eigen

wget http://bitbucket.org/eigen/eigen/get/3.3.4.tar.bz2
tar xjvf 3.3.4.tar.bz2

cd eigen-eigen-dc6cfdf9bcec

mkdir build ; cd build

cmake —-build

sudo cmake --build . --target install

qpOASES

wget https://www.coin-or.org/download/source/gpOASES/gqpOASES-3.2.1.zip
unzip gpOASES-3.2.1.zip

cd gpOASES-3.2.1

mkdir build ; cd build

cmake .. —-DCMAKE_CXX_FLAGS="-fPIC" -DCMAKE_BUILD_TYPE=Release
cmake —-build

sudo cmake --build . --target install

iDynTree

git clone https://github.com/robotology/idyntree
cd idyntree
mkdir build ; cd build

cmake .. —-DCMAKE_BUILD_TYPE=Release
cmake —--build

sudo cmake —--build . —--target install
Gazebo

Examples are built with Gazebo 8. They can be adapted of course to be backwards compatible.

curl -ssL http://get.gazebosim.org | sh
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Installing ORCA

Whether or not you have installed the dependencies separately, you are now ready to clone, build and install ORCA.
Hooray.

git clone https://github.com/syroco/orca
cd orca

mkdir build ; cd build

cmake .. —-DCMAKE_BUILD_TYPE=Release
cmake —-build .

sudo cmake --build . --target install

Testing your installation

Assuming you followed the directions to the letter and encountered no compiler errors along the way, then you are
ready to get started with ORCA. Before moving on to the Examples, check out the Quick Start Guide to test your
install and awe in the epicness of ORCA!

1.1.2 Quick Start Guide

First off, make sure you have followed the Installation and Configuration guide step by step.

If you have successfully installed ORCA then we can go ahead and try out one of the examples to get things up and
running. To do so we will launch the example: 06-trajectory_following (more info here: Minimum jerk
Cartesian trajectory following)

This example assumes you have Gazebo >=8.0 installed on your machine. If not please follow the Gazebo tutorial for
your system (http://gazebosim.org/tutorials?cat=install) and rebuild the ORCA library.

Once you have Gazebo, to launch the example open a terminal and run:

06-trajectory_following [path_to_orca]/examples/resources/lwr.urdf

Important: Make sure to replace [path_to_orca] with the real path to the ORCA repo on your system.

Now, open a second terminal and run:

gzclient

If everything goes well then you should see the robot moving back and forth like this:

What’s next?

Check out Where to go from here? for more info.

1.1.3 Where to go from here?

1.1. Table of Contents 5
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Check out the examples
A number of examples have been included in the source code to help you better understand how ORCA works and how

you can use it. The examples are grouped based on the concepts they demonstrate. We also provide some examples
for using 3rd party libraries together with ORCA.

Want to use ORCA in you project?

Check out the Using ORCA in your projects page for information on how to include the ORCA library into your next
control project.

Check out the API Documentation

You can find the Doxygen generated API documentation at the following link: AP/ Documentation. This will help
you navigate the ORCA API for your projects.

ROS or OROCOS user?

We have written ROS and OROCOS wrappers for the ORCA library and done most of the heavy lifting so you can get
started using the contoller right away. To learn more about these projects please check out their respective pages:

ORCA_ROS: https://github.com/syroco/orca_ros

OR®A::ROS

RTT_ORCA: https://github.com/syroco/rtt_orca (Compatible with ORCA < version 2.0.0)

1.1.4 Building the documentation
The ORCA documentation is composed of two parts. The user’s manual (what you are currently reading) and the

API Reference. Since ORCA is written entirely in c++ the API documentation is generated with Doxygen. The
manual, on the otherhand, is generated with python Sphinx... because frankly it is prettier.

Obviously, you can always visit the url: insert_url_here

to read the documentation online, but you can also generate it locally easily thanks to the magical powers of python.

How to build

First we need to install some dependencies for python and of course doxygen.

Python dependencies

’pip3 install -U --user pip sphinx sphinx-autobuild recommonmark sphinx_rtd_theme

or if using Python 2.x

’pipZ install -U --user pip sphinx sphinx—-autobuild recommonmark sphinx_rtd_theme

6 Chapter 1. Motivation
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Doxygen

You can always install Doxygen from source by following:

git clone https://github.com/doxygen/doxygen.git
cd doxygen

mkdir build

cd build

cmake -G "Unix Makefiles"

make

sudo make install

but we would recommend installing the binaries.

Linux:

sudo apt install doxygen

OSX:

brew install doxygen

Windows:

Download the executable file here: http://www.stack.nl/~dimitri/doxygen/download.html and follow the install wizard.

Building the docs with Sphinx

cd [orca_root]
cd docs/
make html

[orca_root] is the path to wherever you cloned the repo i.e. /home/$SUSER/orca/.

How to browse

Since Sphinx builds static websites you can simply find the file docs/build/html/index.html and open it in
a browser.

If you prefer to be a fancy-pants then you can launch a local web server by navigating to docs/ and running:

make livehtml

This method has the advantage of automatically refreshing when you make changes to the . rst files. You can browse
the site at: http://127.0.0.1:8000.

1.1. Table of Contents 7
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1.1.5 Using ORCA in your projects

If you want to you ORCA in your project you can either use pure CMake or catkin.

CMake

# You need at least version 3.1 to use the modern CMake targets.
cmake_minimum_required (VERSION 3.1.0)

# Your project's name
project (my_super_orca_project)

# Tell CMake to find ORCA
find_package (orca REQUIRED)

# Add your executable(s) and/or library(ies) and their corresponding source files.
add_executable (${PROJECT_NAME} my_super_orca_project.cc)

# Point CMake to the ORCA targets.
target_link_libraries (${PROJECT_NAME} orca::orca)

catkin

Note: As of now, catkin does not support modern cmake targets and so you have some superfluous cmake steps to
do when working with catkin workspaces.

# You need at least version 2.8.3 to use the modern CMake targets.
cmake_minimum_required (VERSION 2.8.3)

# Your project's name
project (my_super_orca_catkin_project)

# Tell CMake to find ORCA
find_package (orca REQUIRED)

# Tell catkin to find ORCA
find_package (catkin REQUIRED COMPONENTS orca)

# Include the catkin headers
include_directories ($S{catkin_ INCLUDE_DIRS})

# Add your executable(s) and/or library(ies) and their corresponding source files.
add_executable (${PROJECT_NAME} my_super_orca_catkin_project.cc)

# Point CMake to the catkin and ORCA targets.
target_link_libraries (${PROJECT_NAME} ${catkin_LIBRARIES} orca::orca)

1.1.6 API Reference

All of the API documentation is autogenerated using Doxygen. Click the link below to be redirected.
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API Documentation
1.1.7 Basic

Simple controller

Note: The source code for this example can be found in [orca_root]/examples/basic/
O0l-simple_controller.cc, or alternatively on github at: https://github.com/syroco/orca/blob/dev/examples/
basic/01-simple_controller.cc

Objective

In this example we want to show the basics of using ORCA. Here, we create a minimal controller with one task and
some common constraints.

Introduction

First we need to include the appropriate headers and use the right namespaces. When you are getting started the easiest
solution is to use the helper header orca.h and helper namespace orca: :all which include all the necessary
headers and opens up all their namespaces. This helps with reducing the verbosity of the examples here but is not
recommended for production builds because it will cause code bloat.

#include <orca/orca.h>
using namespace orca::all;

‘We then create our main () function...

int main (int argc, char const xargvl])

and parse the command line arguments:

if (argc < 2)
{
std::cerr << "Usage : " << argv[0] << " /path/to/robot-urdf.urdf (optionally -1
—debug/info/warning/error)" << "\n";
return -1;
}
std::string urdf_url (argv[1l]);

orca::utils::Logger: :parseArgv(argc, argv);

ORCA provides a utility class called Logger which, as its name implies, helps log output. See the API documentation
for more information on logging levels.

Setup

Now we get to the good stuff. We start by creating a robot model which gives us access to the robot’s kinematics and
dynamics.

1.1. Table of Contents 9
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auto robot_model = std::make_shared<RobotModel> () ;
robot->1loadModelFromFile (urdf_url);
robot->setBaseFrame ("base_link");
robot->setGravity (Eigen: :Vector3d(0,0,-9.81));

We first instantiate a shared_ptr to the class RobotModel. We can pass a robot name, but if we don’t,
it is extracted from the urdf, which is loaded from a file in robot—->loadModelFromFile (urdf_url);

If the URDF is parsed then we need to set the base frame in which all transformations (e.g. end effector
pose) are expressed in robot—>setBaseFrame ("base_link") ;. Finally we manually set the gravity vec-
tor robot->setGravity (Eigen: :Vector3d (0, 0,-9.81)) ; (this is optional).

The next step is to set the initial state of the robot. For your convenience, ORCA provides a helper class called
EigenRobot State which stores the whole state of the robot as eigen vectors/matrices. This class is totally optional,
it is just meant to keep consistency for the sizes of all the vectors/matrices. You can use it to fill data from either a real
robot or simulated robot.

EigenRobotState eigState;

eigState.resize (robot->getNrOfDegreesOfFreedom()) ;
eigState.jointPos.setZero();

eigState. jointVel.setZero();

robot—->setRobotState (eigState.jointPos,eigState. jointVvel);

First we resize all the vectors/matrices to match the robot configuration and set the joint positions and velocities to
zero. Initial joint positions are often non-zero but we are lazy and setZero () is so easy to type. Finally, we set the
robot state, robot->setRobotState (eigState.jointPos, eigState. jointVel) ;. Now the robot is
considered ‘initialized’.

Note: Here we only set g, g because in this example we are dealing with a fixed base robot.

Creating the Controller

With the robot created and initialized, we can construct a Controller:

// Instanciate an ORCA Controller
orca::optim::Controller controller (
"controller"
, robot
,orca::optim: :ResolutionStrategy: :0OnelevelWeighted
, QPSolver: :gpOASES
)

To do so we pass a name, "controller", the robot model, robot, a ResolutionStrategy,
orca::optim::ResolutionStrategy::0nelLevelWeighted, and a solver, QPSolver: : qpOASES.

Note: As of now, the only supported solver is gpOASES, however OSQP will be integrated in a future release.

Note: Other ResolutionStrategy options include: MultiLevelWeighted, and Generalized. Please be
aware that these strategies are not yet officially supported.

If your robot’s low level controller takes into account the gravity and coriolis torques already (Like with KUKA LWR)
then you can tell the controller to remove these components from the torques computed by the solver. Setting them to
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false keeps the components in the solution (this is the default behavior).

controller.removeGravityTorquesFromSolution (true);
controller.removeCoriolisTorquesFromSolution (true);

Adding Tasks

With the controller created we can now start adding tasks. In this introductory example, we add only a Cartesian
acceleration task for the end-effector.

auto cart_task = std::make_shared<CartesianTask> ("CartTask_EE");
controller.addTask (cart_task);

A shared_ptr toaCartesianTask is created with a unique name, CartTask_EE. The task is then added to
the controller to initialize it.

For this task, we want to control 1ink_7,

cart_task->setControlFrame ("link_7");

And set its desired pose:

Eigen::Affine3d cart_pos_ref;
cart_pos_ref.translation() = Eigen::Vector3d(1.,0.75,0.5); // x,y,z in meters
cart_pos_ref.linear () = Eigen::Quaterniond::Identity().toRotationMatrix();

We also set the desired cartesian velocity and acceleration to zero.

Vector6d cart_vel_ref = Vector6d::Zero();
Vector6d cart_acc_ref = Vectoro6ed::Zero();

Note: Rotation is done with a Matrix3x3 and it can be initialized in a few ways. Note that each of these methods
produce equivalent Rotation matrices in this case.

Example 1: create a quaternion from Euler anglers ZYZ convention

Eigen::Quaterniond quat;

quat = Eigen::AngleAxisd (0, Eigen::Vector3d::UnitZ())
* Eigen::AngleAxisd (0, Eigen::Vector3d::UnitY())
* Eigen::AngleAxisd (0, Eigen::Vector3d::UnitZ());

cart_pos_ref.linear () = quat.toRotationMatrix();

Example 2: create a quaternion from RPY convention

’cart_pos_ref.linear() = quatFromRPY (0,0, 0) .toRotationMatrix () ;

Example 3: create a quaternion from Kuka Convention

’cart_pos_ref.linear() = quatFromKukaConvention(0,0,0) .toRotationMatrix () ;

Example 4: use an Identity quaternion

’cart_pos_ref.linear() = Eigen::Quaterniond::Identity () .toRotationMatrix () ;

1.1. Table of Contents 11
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The desired values are set on the servo controller because CartesianTask expects a cartesian acceleration, which
is computed automatically by the servo controller.

cart_task->servoController () ->setDesired(cart_pos_ref.matrix(),cart_vel_ref,cart_acc_
—ref);

Now set the servoing PID

Vector6ed P;

P << 1000, 1000, 1000, 10, 10, 10;
cart_task->servoController () —>pid()->setProportionalGain (P);
Vectoréed D;

D << 100, 100, 100, 1, 1, 1;
cart_task->servoController () ->pid () ->setDerivativeGain (D) ;

Adding Constraints

Now we add some constraints. We start with a joint torque constraint for all the actuated DoF. To create it we first get
the number of actuated joints from the model.

const int ndof = robot->getNrOfDegreesOfFreedom() ;

The joint torque limit is usually given by the robot manufacturer and included in most robot descriptions, but for now
it is not parsed directely from the URDF - so we need to add it manually.

auto jnt_trg cstr = std::make_shared<JointTorquelLimitConstraint> ("JointTorqueLimit");
controller.addConstraint (jnt_trqg _cstr);

Eigen::VectorXd jntTrgMax (ndof) ;

jntTrgMax.setConstant (200.0) ;

jnt_trqg cstr->setlLimits (-jntTrgMax, jntTrgMax) ;

We first create a shared_ptr with a unique name, auto jnt_trqg cstr =
std: :make_shared<JointTorquelLimitConstraint> ("JointTorquelLimit"); and add it to
the controller controller.addConstraint (jnt_trg cstr) ;. We then set the torque limits to £200Nm.

Contrary to torque limits, joint position limits are automatically extracted from the URDF model. Note that you can
set them if you want by simply doing jnt_pos_cstr->setLimits (jntPosMin, jntPosMax).

auto jnt_pos_cstr = std::make_shared<JointPositionLimitConstraint> ("JointPositionLimit
—");

controller.addConstraint (jnt_pos_cstr);

Joint velocity limits are usually given by the robot manufacturer but like the torque limits, must be added manually for
now.

auto jnt_vel_cstr = std::make_shared<JointVelocityLimitConstraint> ("JointVelocityLimit
—");

controller.addConstraint (jnt_vel_cstr);

Eigen: :VectorXd jntVelMax (ndof);

jntVelMax.setConstant (2.0);

jnt_vel_cstr->setLimits (-jntVelMax, jntVelMax) ;

With the tasks anc constraints created and added to the controller, we can begin the control loop.
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Control Loop

The control loop is where the robot model is updated using the current state information from the real or simulated
robot, the control problem is formulated and solved, and the resultant joint torques are sent to the robot actuators.
For this example, we simply calculate the joint torques 7 at each control time step and do nothing with them. This is
because we are not interacting with a real robot or a simulated robot.

double dt = 0.001;
double current_time = 0;

controller.activateTasksAndConstraints();

for (; current_time < 2.0; current_time +=dt)
{
// Here you can get the data from your robot (API is robot-specific)
// Something like
// eigState. jointPos = myRealRobot.getJointPositions();
// eigState. jointVel = myRealRobot.getJointVelocities();

robot->setRobotState (eigState.jointPos,eigState.jointVel);
controller.update (current_time, dt);

if (controller.solutionFound())

{

const Eigen::VectorXdé& trg_cmd = controller.getJointTorqueCommand () ;

// Send torques to the REAIL robot (API is robot-specific)
// myRealRobot.set__joint_torques (trq_cmd);
}

else

{
// WARNING : Optimal solution is NOT found
// Perform some fallback strategy (see below)

First, since we are manually stepping the time, we initialize the current_time to zero and the dt=0.001.

The next important step is to activate the tasks and constraints: controller.
activateTasksAndConstraints () ;. This must be done before the controller update is called, or else
no solution will be found.

Now that the tasks and constraints are activated, we step into the control loop, which increments current_time
from 0.0 to 2. 0 seconds by dt:

for (; current_time < 2.0; current_time +=dt)

At the begining of each loop, we must first retrieve the robot’s state information so that we can update our robot model
being used in the controller. This step depends on the robot-specific API being used and is up to the user to implement.

Note: In future examples we demonstrate how to do this with the Gazebo simulator.

After we get the appropriate state information from our robot (in this case, the joint positions and velocities)
we update the robot model: robot->setRobotState (eigState.jointPos,eigState. jointVvel);

With the model updated we now update the controller, controller.update (current_time, dt);.
The controller update first updates all of the tasks and constraints, then formulates the optimal control problem,
then solves said problem. If the controller found a solution to the optimal control problem then controller.

1.1. Table of Contents 13
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solutionFound () will return true and this tells you that you can get that result and use it to control your
robot. Here we extract the optimal control torques, const Eigen::VectorXds& trg_cmd = controller.
getJointTorqueCommand () ; and then send them to our robot, using robot specific functions.

Note: In this example, we extract only the optimal torques, but you of course have access to the full solution:

// The whole optimal solution [AccFb, Acc, Tfb, T, eWrenches]

const Eigen::VectorXd& full_solution = controller.getSolution();

// The optimal joint torque command

const Eigen::VectorXdé& trg cmd = controller.getJointTorqueCommand () ;

// The optimal joint acceleration command

const Eigen::VectorXdé& trg_acc = controller.getJointAccelerationCommand () ;

If the controller fails to find a solution to the problem then controller.solutionFound () returns false, and
you must implement some fallback strategy. By fallback, we mean some strategy to be used when we have no idea
what torques to send to the robot. A simple but effective strategy, is to simply brake the robot and stop its motion.

Important: If the optimal control problem has no solution it is generally because the tasks and constraints are ill-
defined and not because no solution exists. For this reason, one can implement fallback strategies which are slightly
more intelligent than simply stopping the robot. For example: - Compute KKT Solution and send to the robot (solu-
tions without inequality constraints) - PID around the current position (to slow to a halt) - Switch controllers - etc.

Shutting Things Down

Once we are finished using the controller and want to bring everything to a stop, we need to gradually deactivate the
tasks and constraints to avoid any erratic behaviors at the end of the motion. To do so, we start by deactivating the
tasks and constraints:

controller.deactivateTasksAndConstraints () ;

We then need to update the controller so the tasks and constraints can slowly ramp down to total deactivation.

while (!controller.tasksAndConstraintsDeactivated())
{

current_time += dt;

controller.update (current_time,dt);

Our controller is now deactivated and can be deleted or destroyed without any issues.

Typically at the end of the execution you would either stop the robot or put it into some robot-specific control mode
(position control, gravity compensation, etc.).

Conclusion

In this example you have seen all of the necessary steps to getting an ORCA controller up and running. In the next
examples we will look at more realistic examples where the controller interacts with a robot/simulation.

14 Chapter 1. Motivation
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Full Code Listing

// This file is a part of the ORCA framework.

// Copyright 2017, ISIR / Universite Pierre et Marie Curie (UPMC)

// Copyright 2018, Fuzzy Logic Robotics

// Main contributor(s): Antoine Hoarau, Ryan Lober, and

// Fuzzy Logic Robotics <infol@fuzzylogicrobotics.com>

//

// ORCA is a whole-body reactive controller framework for robotics.

//

// This software is governed by the CeCILL-C license under French law and
// abiding by the rules of distribution of free software. You can use,
// modify and/ or redistribute the software under the terms of the CeCILL-C
// license as circulated by CEA, CNRS and INRIA at the following URL

// "http://www.cecill.info".

//

// As a counterpart to the access to the source code and rights to copy,
// modify and redistribute granted by the license, users are provided only
// with a limited warranty and the software's author, the holder of the
// economic rights, and the successive licensors have only limited

// liability.

//

// In this respect, the user's attention is drawn to the risks associated
// with loading, using, modifying and/or developing or reproducing the
// software by the user in light of its specific status of free software,
// that may mean that it is complicated to manipulate, and that also
// therefore means that it is reserved for developers and experienced
// professionals having in-depth computer knowledge. Users are therefore
// encouraged to load and test the software's suitability as regards their
// requirements in conditions enabling the security of their systems and/or
// data to be ensured and, more generally, to use and operate it in the
// same conditions as regards security.

//

// The fact that you are presently reading this means that you have had

// knowledge of the CeCILL-C license and that you accept its terms.

/x% @file

@copyright 2018 Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>
@author Antoine Hoarau

@author Ryan Lober

*/

#include <orca/orca.h>
using namespace orca::all;

int main (int argc, char const xargvl])
{
// Get the urdf file from the command line
if (argc < 2)
{
std::cerr << "Usage : " << argv[0] << " /path/to/robot-urdf.urdf (optionally -
—1 debug/info/warning/error)" << "\n";
return -1;
}
std::string urdf_url (argv[1l]);

(continues on next page)
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(continued from previous page)

// Parse logger level as —-—-log_level (or -1) debug/warning etc
orca::utils::Logger: ::parseArgv (argc, argv);

// Create the kinematic model that is shared by everybody. Here you can pass a,
—robot name
auto robot_model = std::make_shared<RobotModel> () ;

// If you don't pass a robot name, it is extracted from the urdf
robot_model->loadModelFromFile (urdf_url);

// All the transformations (end effector pose for example) will be expressed wrt_,
—~this base frame
robot_model->setBaseFrame ("base_1link");

// Sets the world gravity (Optional)
robot_model->setGravity (Eigen::Vector3d(0,0,-9.81));

// This is an helper function to store the whole state of the robot as eigen,
—vectors/matrices. This class 1is totally optional, it is just meant to keep_,
—consistency for the sizes of all the vectors/matrices. You can use it to fill data,,
—from either real robot and simulated robot.

RobotState eigState;

// resize all the vectors/matrices to match the robot configuration
eigState.resize (robot_model->getNrOfDegreesOfFreedom()) ;

// Set the initial state to zero (arbitrary). @note: here we only set g,qgot,,
—because this example asserts we have a fixed base robot

eigState.jointPos.setZero();

eigState. jointVel.setZero();

// Set the first state to the robot
robot_model->setRobotState (eigState. jointPos,eigState. jointVel);
// Now is the robot is considered 'initialized'

// Instanciate an ORCA Controller
orca::optim::Controller controller(
"controller"
, robot_model
,orca::optim: :ResolutionStrategy: :OnelLevelWeighted
,QPSolverImplType: :gpOASES
)i
// Other ResolutionStrategy options: MultiLevelWeighted, Generalized

// Create the servo controller that the cartesian task needs
auto cart_acc_pid = std::make_shared<CartesianAccelerationPID> ("servo_controller

="

// Set the pose desired for the link_ 7
Eigen::Affine3d cart_pos_ref;

// Setting the translational components.
cart_pos_ref.translation() = Eigen::Vector3d(l1.,0.75,0.5); // x,y,z in meters

// Rotation is done with a Matrix3x3 and it can be initialized in a few ways._

—Note that each of these methods produce equivalent Rotation matrices 1KkCORRNUES QILNEXL page)
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// Example 1 : create a quaternion from Euler anglers ZYZ convention
Eigen::Quaterniond quat;
quat = Eigen::AngleAxisd (0, Eigen::Vector3d::UnitZ())

* Eigen::AngleAxisd (0, Eigen::Vector3d::UnitY())

+ Eigen::AngleAxisd (0, Eigen::Vector3d::UnitZ());

cart_pos_ref.linear () = quat.toRotationMatrix();

// Example 2 : create a quaternion from RPY convention
cart_pos_ref.linear() = quatFromRPY(0,0,0).toRotationMatrix();

// Example 3 : create a quaternion from Kuka Convention
cart_pos_ref.linear () = quatFromKukaConvention(0,0,0).toRotationMatrix();
// Example 4 : use an Identity quaternion

cart_pos_ref.linear () = Eigen::Quaterniond::Identity().toRotationMatrix();

// Set the desired cartesian velocity and acceleration to zero
Vector6d cart_vel_ref = Vector6d::Zero();
Vector6d cart_acc_ref = Vector6d::Zero();

// Now set the servoing PID

Vector6ed P;

P << 1000, 1000, 1000, 10, 10, 10;
cart_acc_pid->pid() ->setProportionalGain (P);
Vectored D;

D << 100, 100, 100, 1, 1, 1;
cart_acc_pid->pid() —>setDerivativeGain (D) ;

cart_acc_pid->setControlFrame ("link 7");
// The desired values are set on the servo controller. Because cart_task->

—setDesired expects a cartesian acceleration. Which is computed automatically by the_

—servo controller
cart_acc_pid->setDesired(cart_pos_ref.matrix(),cart_vel_ ref,cart_acc_ref);

// Cartesian Task

auto cart_task = controller.addTask<CartesianTask> ("CartTask_EE");
// Set the servo controller to the cartesian task
cart_task->setServoController (cart_acc_pid);

// Get the number of actuated joints
const int ndof = robot_model->getNrOfDegreesOfFreedom() ;

// Joint torque limit is usually given by the robot manufacturer

auto jnt_trg cstr = controller.addConstraint<JointTorquelimitConstraint> (
—"JointTorquelimit") ;

Eigen::VectorXd jntTrgMax (ndof);

jntTrgMax.setConstant (200.0) ;

jnt_trg_cstr->setLimits (-jntTrgMax, jntTrgMax) ;

// Joint position limits are automatically extracted from the URDF model.

// Note that you can set them if you want. by simply doing jnt_pos_cstr->
—setLimits (jntPosMin, jntPosMax) .

auto jnt_pos_cstr = controller.addConstraint<JointPositionLimitConstraint> (
—"JointPositionLimit") ;

// Joint velocity limits are usually given by the robot manufacturer

(continues on next page)
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auto jnt_vel_cstr = controller.addConstraint<JointVelocityLimitConstraint> (
—"JointVelocityLimit");

Eigen::VectorXd jntVelMax (ndof);

jntVelMax.setConstant (2.0);

jnt_vel_cstr->setLimits (-jntVelMax, jntVelMax) ;

double dt = 0.5;
double current_time = 0;

controller.activateTasksAndConstraints();

// If your robot's low level controller takes into account the gravity and,_
—coriolis torques already (Like with KUKA LWR) then you can tell the controller to,
—remove these components from the torques computed by the solver. Setting them to,
—~false keeps the components in the solution (this is the default behavior).

controller.removeGravityTorquesFromSolution (true) ;

controller.removeCoriolisTorquesFromSolution (true);

// Now you can run the control loop
for (; current_time < 2.0; current_time +=dt)
{
// Here you can get the data from you REAL robot (API is robot-specific)
// Something like
// eigState. jointPos = myRealRobot.getJointPositions();
// eigState. jointVel = myRealRobot.getJointVelocities();

// Now update the internal kinematic model with data from the REAL robot
std::cout << "Setting robot state to : \n"

<< "Joint Pos : " << eigState.jointPos.transpose() << '\n'

<< "Joint Vel : " << eigState.jointVel.transpose() << '\n';

robot_model->setRobotState (eigState. jointPos,eigState.jointVel);

// Step the controller + solve the internal optimal problem
std::cout << "Updating controller..." ;

controller.update (current_time, dt);

std::cout << "OK" << '"\n';

// Do what you want with the solution
if (controller.solutionFound())
{
// The whole optimal solution [AccFb, Acc, Tfb, T, eWrenches]
const Eigen::VectorXd& full_solution = controller.getSolution();
// The optimal joint torque command
const Eigen::VectorXdé& trg_cmd = controller.getJointTorqueCommand () ;
// The optimal joint acceleration command
const Eigen::VectorXdé& trg _acc = controller.getJointAccelerationCommand() ;

// Send torques to the REAL robot (API is robot-specific)
//real_tobot->set__joint_torques (trq_cmd);
}
else
{
// WARNING : Optimal solution is NOT found
// Switching to a fallback strategy

(continues on next page)
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// Typical are

// — Stop the robot (robot-specific method)

// — Compute KKT Solution and send to the robot (dangerous)
// — PID around the current position (dangerous)

// trqg = controller.computeKKTTorques();
// Send torques to the REAIL robot (API is robot-specific)
// real_tobot->set_joint_torques (trq_cmd);

// Print the last computed solution (just for fun)

const Eigen::VectorXd& full _solution = controller.getSolution();

const Eigen::VectorXdé& trg cmd = controller.getJointTorqueCommand () ;

const Eigen::VectorXdé& trg _acc = controller.getJointAccelerationCommand () ;

std::cout << "Full solution : " << full_solution.transpose() << '\n';
std::cout << "Joint Acceleration command : " << trg_acc.transpose() << '\n';
std::cout << "Joint Torque command : " << trg_cmd.transpose() << '\n';

// At some point you want to close the controller nicely
controller.deactivateTasksAndConstraints();

// Let all the tasks ramp down to zero
while (!controller.tasksAndConstraintsDeactivated())
{

current_time += dt;

controller.update (current_time,dt);

// All objets will be destroyed here
return 0;

Simulating the controller performance

Note: The source code for this example can be found in [orca_root]/examples/basic/
02-simulating_results.cc, or alternatively on github at: https://github.com/syroco/orca/blob/dev/examples/
basic/02-simulating_results.cc

Full Code Listing

// This file is a part of the ORCA framework.

// Copyright 2017, ISIR / Universite Pierre et Marie Curie (UPMC)
// Copyright 2018, Fuzzy Logic Robotics

// Main contributor (s): Antoine Hoarau, Ryan Lober, and

// Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>

//

// ORCA is a whole—-body reactive controller framework for robotics.
//

// This software is governed by the CeCILL-C license under French law and

(continues on next page)
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// abiding by the rules of distribution of free software. You can use,
// modify and/ or redistribute the software under the terms of the CeCILL-C
// license as circulated by CEA, CNRS and INRIA at the following URL

// "http://www.cecill.info".

//

// As a counterpart to the access to the source code and rights to copy,
// modify and redistribute granted by the license, users are provided only
// with a limited warranty and the software's author, the holder of the
// economic rights, and the successive licensors have only Ilimited

// liability.

//

// In this respect, the user's attention is drawn to the risks associated
// with loading, wusing, modifying and/or developing or reproducing the
// software by the user in light of its specific status of free software,
// that may mean that it is complicated to manipulate, and that also
// therefore means that it is reserved for developers and experienced
// professionals having in-depth computer knowledge. Users are therefore
// encouraged to load and test the software's suitability as regards their
// requirements in conditions enabling the security of their systems and/or
// data to be ensured and, more generally, to use and operate it in the
// same conditions as regards security.

//

// The fact that you are presently reading this means that you have had

// knowledge of the CeCILL-C license and that you accept its terms.

/x%x @file

@copyright 2018 Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>
@author Antoine Hoarau

@author Ryan Lober

*/

#include <orca/orca.h>
using namespace orca::all;

int main(int argc, char const xargvl])
{
if (argc < 2)
{
std::cerr << "Usage : " << argv[0] << " /path/to/robot-urdf.urdf (optionally -
—1 debug/info/warning/error)" << "\n";
return -1;
}
std::string urdf_url (argv[1l]);

orca::utils::Logger: :parseArgv (argc, argv);

auto robot_model = std::make_shared<RobotModel> () ;
robot_model->loadModelFromFile (urdf_url);
robot_model->setBaseFrame ("base_1link");
robot_model->setGravity (Eigen: :Vector3d(0,0,-9.81));

RobotState eigState;

eigState.resize (robot_model->getNrOfDegreesOfFreedom());
eigState.jointPos.setZero();

eigState. jointVel.setZero();
robot_model->setRobotState (eigState. jointPos,eigState. jointVel);

(continues on next page)
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orca::optim::Controller controller(
"controller"
, robot_model
,orca::optim: :ResolutionStrategy: :OnelLevelWeighted
,QPSolverImplType: :qpOASES
)i

// Create the servo controller that the cartesian task needs

auto cart_acc_pid = std::make_shared<CartesianAccelerationPID> ("servo_controller
—");

// Now set the servoing PID

Vectoroed P;

P << 1000, 1000, 1000, 10, 10, 10;

cart_acc_pid->pid() —>setProportionalGain (P);

Vectoroed D;

D << 100, 100, 100, 1, 1, 1;

cart_acc_pid->pid() —>setDerivativeGain (D) ;

cart_acc_pid->setControlFrame ("link_ 7");

Eigen::Affine3d cart_pos_ref;

cart_pos_ref.translation() = Eigen::Vector3d(1.,0.75,0.5); // x,y,z in meters
cart_pos_ref.linear () = Eigen::Quaterniond::Identity().toRotationMatrix();

// Set the desired cartesian velocity and acceleration to zero

Vector6d cart_vel_ref = Vectoro6d::Zero();

Vector6d cart_acc_ref = Vector6d::Zero();

// The desired values are set on the servo controller. Because cart_task—->

—setDesired expects a cartesian acceleration. Which is computed automatically by the_

—~servo controller
cart_acc_pid->setDesired(cart_pos_ref.matrix(),cart_vel_ref,cart_acc_ref);
// Set the servo controller to the cartesian task
auto cart_task = controller.addTask<CartesianTask> ("CartTask_EE");
cart_task->setServoController (cart_acc_pid);

// ndof
const int ndof = robot_model->getNrOfDegreesOfFreedom() ;

auto jnt_trg cstr = controller.addConstraint<JointTorquelLimitConstraint> (
—"JointTorqueLimit");

Eigen::VectorXd jntTrgMax (ndof);

jntTrgMax.setConstant (200.0) ;

Jnt_trg_cstr->setlLimits (-jntTrgMax, jntTrgMax) ;

auto jnt_pos_cstr = controller.addConstraint<JointPositionLimitConstraint> (
—"JointPositionLimit");

auto jnt_vel_cstr = controller.addConstraint<JointVelocityLimitConstraint> (
—"JointVelocityLimit");

Eigen::VectorXd jntVelMax (ndof);

jntVelMax.setConstant (2.0);

jnt_vel_cstr->setlLimits (-jntVelMax, jntVelMax) ;

controller.activateTasksAndConstraints();

(continues on next page)
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// for each task, it calls task->activate(), that can call onActivationCallback (),

—1f it is set.
// To set it
// task->setOnActivationCallback ([&] ()
/A
// // Do some initialisation here
/7 F);
// Note : you need to set it BEFORE calling
// controller.activateTasksAndConstraints();

double dt = 0.001;

double current_time = 0.0;
Eigen: :VectorXd trg_cmd (ndof);
Eigen::VectorXd acc_new (ndof);

controller.update (current_time, dt);
current_time += dt;
controller.print () ;

std::cout << "\n\n\n" << '"\n';

std::cout << "==================================== " << '"\n';

//std::cout << "Initial State:\n" << cart_task->servoController ()->

—getCurrentCartesianPose () << '\n';

std::cout << "Desired State:\n" << cart_pos_ref.matrix() << '\n';
std::cout << "==================================== " << '"\n';
std::cout << "\n\n\n" << '"\n';
std::cout << "Begining Simulation..." << '\n';
int print_counter = 0;
for (; current_time < 10.0; current_time +=dt)
{
if (print_counter == 100)
{
std::cout << "Task position at t = " << current_time << "\t-—-\t" << cart_
—acc_pid->getCurrentCartesianPose () .block (0, 3,3,1) .transpose() << '\n';
print_counter = 0;
}
++print_counter;
controller.update (current_time, dt);
if (controller.solutionFound())
{
trg_cmd = controller.getJointTorqueCommand () ;
}
else
{
std::cout << "[warning] Didn't find a solution. Stopping simulation." <<
—'\n";
(continues on next page)
22 Chapter 1. Motivation




170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

ORCA Documentation, Release Alpago

(continued from previous page)

break;

acc_new = robot_model->getMassMatrix().ldlt () .solve(trg_cmd - robot_model->
—getJointGravityAndCoriolisTorques () ) ;

eigState.jointPos += eigState.jointVel x dt + ((acc_newxdtxdt)/2);
eigState.jointVel += acc_new x dt;

robot_model->setRobotState (eigState. jointPos,eigState.jointVel);

}

std::cout << "Simulation finished." << '\n';

std::cout << "\n\n\n" << '\n';

std::cout << "==================================== " << '"\n';

//std::cout << "Final State:\n" << cart_task->servoController()->
—getCurrentCartesianPose () << '\n';

//std::cout << "Position error:\n" << cart_task->servoController()->
—getCurrentCartesianPose().block (0,3,3,1) - cart_pos_ref.translation() << '\n';

// All objets will be destroyed here
return 0;

1.1.8 Intermediate

An introduction to the ORCA callback system

Note: The source code for this example can be found in [orca_root]/examples/intermediate/
02-using_callbacks.cc, or alternatively on github at: https:/github.com/syroco/orca/blob/dev/examples/
intermediate/01-using_callbacks.cc

Full Code Listing

// This file is a part of the ORCA framework.

// Copyright 2017, ISIR / Universite Pierre et Marie Curie (UPMC)

// Copyright 2018, Fuzzy Logic Robotics

// Main contributor (s): Antoine Hoarau, Ryan Lober, and

// Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>

//

// ORCA is a whole-body reactive controller framework for robotics.

//

// This software is governed by the CeCILL-C license under French law and
// abiding by the rules of distribution of free software. You can use,
// modify and/ or redistribute the software under the terms of the CeCILL-C
// license as circulated by CEA, CNRS and INRIA at the following URL

// "http://www.cecill.info".

//

(continues on next page)

1.1. Table of Contents 23



https://github.com/syroco/orca/blob/dev/examples/intermediate/01-using_callbacks.cc
https://github.com/syroco/orca/blob/dev/examples/intermediate/01-using_callbacks.cc

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

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

ORCA Documentation, Release Alpago

(continued from previous page)

/7
/7
/7
/7
/7
v
/7
//
v
/7
//
v
/7
/7
v
/7
/7
v
/7

As a counterpart to the access to the source code and rights to copy,
modify and redistribute granted by the license, users are provided only
with a limited warranty and the software's author, the holder of the
economic rights, and the successive licensors have only limited
liability.

In this respect, the user's attention is drawn to the risks associated
with loading, using, modifying and/or developing or reproducing the
software by the user in light of its specific status of free software,
that may mean that it is complicated to manipulate, and that also
therefore means that it is reserved for developers and experienced
professionals having in-depth computer knowledge. Users are therefore
encouraged to load and test the software's suitability as regards their
requirements in conditions enabling the security of their systems and/or
data to be ensured and, more generally, to use and operate it in the
same conditions as regards security.

The fact that you are presently reading this means that you have had
knowledge of the CeCILL-C license and that you accept its terms.

/*x+ @file
@copyright 2018 Fuzzy Logic Robotics <infol@fuzzylogicrobotics.com>
@author Antoine Hoarau
@author Ryan Lober

*/

#include <orca/orca.h>
#include <chrono>
using namespace orca::all;

class TaskMonitor {

private:
bool is_activated_ = false;
bool is_deactivated_ = false;
public:

TaskMonitor ()
{

std::cout << "TaskMonitor class constructed." << '\n';

}
bool isActivated() {return is_activated_;}
bool isDeactivated() {return is_deactivated_;}

void onActivation ()

{

std::cout << "[TaskMonitor] Called 'onActivation' callback." << '\n';

void onActivated()

{
std::cout << "[TaskMonitor] Called 'onActivated' callback." << '\n';
is_activated_ = true;

void onUpdateEnd(double current_time, double dt)
{

(continues on next page)
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std::cout << "[TaskMonitor] Called 'onUpdateBegin' callback." << '\n';
std::cout << " >> current time: " << current_time << '\n';
std::cout << " >> dt: " << dt << '"\n';

void onUpdateBegin (double current_time, double dt)

{
std::cout << "[TaskMonitor] Called 'onUpdateEnd' callback." << '\n';
std::cout << " >> current time: " << current_time << '\n';
std::cout << " >> dt: " << dt << '\n';

}

void onDeactivation ()

{

std::cout << "[TaskMonitor] Called 'onDeactivation' callback." << '\n';

void onDeactivated()

{
std::cout << "[TaskMonitor] Called 'onDeactivated' callback." << '\n';
is_deactivated_ = true;

}i

int main(int argc, char const xargvl])

if (argc < 2)
{
std::cerr << "Usage : " << argv[0] << " /path/to/robot-urdf.urdf (optionally -
—1 debug/info/warning/error)" << "\n";
return -1;
}
std::string urdf_url (argv[1l]);

orca::utils::Logger: :parseArgv (argc, argv);

auto robot_model = std::make_shared<RobotModel> () ;
robot_model->loadModelFromFile (urdf_url);
robot_model->setBaseFrame ("base_link");
robot_model->setGravity (Eigen: :Vector3d(0,0,-9.81));

RobotState eigState;

eigState.resize (robot_model->getNrOfDegreesOfFreedom());
eigState. jointPos.setZero();

eigState.jointVel.setZero();

robot_model->setRobotState (eigState.jointPos,eigState. jointVel);

orca::optim::Controller controller (
"controller"
, robot_model
,orca::optim: :ResolutionStrategy: :0OnelLevelWeighted
,OPSolverImplType: :qpOASES
)i

auto cart_acc_pid = std::make_shared<CartesianAccelerationPID> ("servo_controller

="

(continues on next page)
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Vectoroed P;

P << 1000, 1000, 1000, 10, 10, 10;

cart_acc_pid->pid() ->setProportionalGain (P);

Vectoroed D;

D << 100, 100, 100, 1, 1, 1;

cart_acc_pid->pid() —>setDerivativeGain (D) ;
cart_acc_pid->setControlFrame ("link 7");

Eigen::Affine3d cart_pos_ref;

cart_pos_ref.translation() = Eigen::Vector3d(0.3,-0.5,0.41); // x,v,z in meters
cart_pos_ref.linear() = orca::math::quatFromRPY (M _PI,0,0).toRotationMatrix();
Vectoroed cart_vel_ref = Vector6d::Zero();

Vector6d cart_acc_ref = Vectorod::Zero();
cart_acc_pid->setDesired(cart_pos_ref.matrix (), cart_vel_ref,cart_acc_ref);

auto cart_task = controller.addTask<CartesianTask> ("CartTask_EE");
cart_task->setServoController (cart_acc_pid);

const int ndof = robot_model->getNrOfDegreesOfFreedom() ;
auto jnt_trg cstr = std::make_shared<JointTorquelimitConstraint> ("JointTorquelLimit
")

controller.addConstraint (jnt_trqg cstr);
Eigen::VectorXd jntTrgMax (ndof);
jntTrgMax.setConstant (200.0) ;

Jnt_trqg _cstr->setlLimits (-jntTrgMax, jntTrgMax) ;

auto jnt_pos_cstr = std::make_shared<JointPositionLimitConstraint> (
—"JointPositionLimit");
controller.addConstraint (jnt_pos_cstr);

auto jnt_vel_cstr = std::make_shared<JointVelocityLimitConstraint> (
—"JointVelocityLimit");

controller.addConstraint (jnt_vel_cstr);

Eigen::VectorXd jntVelMax (ndof);

jntVelMax.setConstant (2.0);

Jnt_vel_cstr->setlLimits (-jntVelMax, jntVelMax) ;

double dt = 0.1;
double current_time = 0.0;
int delay_ms = 500;

// The good stuff...
auto task_monitor = std::make_shared<TaskMonitor>();

cart_task->onActivationCallback (std: :bind(&TaskMonitor: :onActivation, task_
—monitor));

cart_task->onActivatedCallback (std: :bind(&TaskMonitor: :onActivated, task_
—monitor));

cart_task->onComputeBeginCallback (std: :bind (&TaskMonitor: :onUpdateBegin, task_
—monitor, std::placeholders::_1, std::placeholders::_2));

cart_task->onComputeEndCallback (std: :bind(&TaskMonitor: :onUpdateEnd, task_monitor,
— std::placeholders::_1, std::placeholders::_2));

cart_task->onDeactivationCallback (std: :bind (&TaskMonitor: :onDeactivation, task_
—monitor));

cart_task->onDeactivatedCallback (std: :bind(&TaskMonitor: :onDeactivated, task_
—monitor));

(continues on next page)
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std::cout << "[main] Activating tasks and constraints." << '\n'j;
controller.activateTasksAndConstraints () ;
std::this_thread::sleep_for (std::chrono::milliseconds (delay_ms)) ;

std::cout << "[main] Starting 'RUN' while loop." << '\n';
while (!task_monitor->isActivated()) // Run 10 times.

{

std::cout << "[main] 'RUN' while loop. Current time: " << current_time << '\n
;)',
controller.update (current_time, dt);
current_time +=dt;
std::this_thread::sleep_for (std::chrono::milliseconds (delay_ms));
}
std::cout << "[main] Exiting 'RUN' while loop." << '\n';
std::cout << " \n";
std::cout << "[main] Deactivating tasks and constraints." << '\n';

controller.deactivateTasksAndConstraints () ;
std::this_thread::sleep_for (std::chrono::milliseconds (delay_ms)) ;

std::cout << "[main] Starting 'DEACTIVATION' while loop." << '\n';

while (!task_monitor->isDeactivated())
{
std::cout << "[main] 'DEACTIVATION' while loop. Current time: " << current_
—time << '\n';
controller.update (current_time, dt);
current_time += dt;
std::this_thread::sleep_for (std::chrono::milliseconds (delay_ms));
}
std::cout << "[main] Exiting 'DEACTIVATION' while loop." << '\n';

std::cout << "[main] Exiting main()." << '\n';
return 0;

Using lambda functions in the callbacks

Note:  The source code for this example can be found in [orca_root]/examples/intermediate/
02-using_lambda_callbacks.cc, or alternatively on github at: https://github.com/syroco/orca/blob/dev/
examples/intermediate/02-using_lambda_callbacks.cc

Full Code Listing

// This file is a part of the ORCA framework.

// Copyright 2017, ISIR / Universite Pierre et Marie Curie (UPMC)
// Copyright 2018, Fuzzy Logic Robotics

// Main contributor(s): Antoine Hoarau, Ryan Lober, and

(continues on next page)
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// Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>

//

// ORCA is a whole-body reactive controller framework for robotics.

//

// This software is governed by the CeCILL-C license under French law and
// abiding by the rules of distribution of free software. You can use,
// modify and/ or redistribute the software under the terms of the CeCILL-C
// license as circulated by CEA, CNRS and INRIA at the following URL

// "http://www.cecill.info".

//

// As a counterpart to the access to the source code and rights to copy,
// modify and redistribute granted by the license, users are provided only
// with a limited warranty and the software's author, the holder of the
// economic rights, and the successive licensors have only limited

// liability.

//

// In this respect, the user's attention is drawn to the risks associated
// with loading, using, modifying and/or developing or reproducing the
// software by the user in light of its specific status of free software,
// that may mean that it is complicated to manipulate, and that also
// therefore means that it is reserved for developers and experienced
// professionals having in-depth computer knowledge. Users are therefore
// encouraged to load and test the software's suitability as regards their
// requirements in conditions enabling the security of their systems and/or
// data to be ensured and, more generally, to use and operate it in the
// same conditions as regards security.

//

// The fact that you are presently reading this means that you have had

// knowledge of the CeCILL-C license and that you accept its terms.

/++ @file

@copyright 2018 Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>
@author Antoine Hoarau
@Qauthor Ryan Lober

*/

#include <orca/orca.h>
using namespace orca::all;

class MinJerkPositionTrajectory {
private:

Eigen::Vector3d alpha_, sp_, ep_;
double duration_ = 0.0;

double start_time_ = 0.0;

bool first_call_ = true;

bool traj_finished_ = false;

public:

MinJerkPositionTrajectory (double duration)
duration_ (duration)

bool isTrajectoryFinished () {return traj_finished_;}

(continues on next page)
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void resetTrajectory(const Eigen::Vector3d& start_position, const Eigen::Vector3dé
— end_position)
{
sp_ = start_position;
ep_ = end_position;
alpha_ = ep_ - sp_;
first_call_ = true;
traj_finished_ = false;

void getDesired(double current_time, Eigen::Vector3d& p, Eigen::Vector3ds v,
—Eigen::Vector3ds a)
{
if(first_call )
{

start_time_ = current_time;
first_call_ = false;
}
double tau = (current_time - start_time_) / duration_;

if(tau >= 1.0)
{
p = ep_;
v = Eigen::Vector3d::Zero();

a = Eigen::Vector3d::Zero();
traj_finished_ = true;
return;
}
p = sp_ + alpha_ * ( 1l0xpow(tau,3.0) — 15«pow(tau,4.
—0) + 6xpow(tau,5.0) ) ;
v = Eigen::Vector3d::Zero() + alpha_ * ( 30xpow(tau,2.0) — 60xpow(tau,3.0) +.,

—30xpow (tau,4.0) )
a = Eigen::Vector3d::Zero() + alpha_ * ( 60xpow(tau,1.0) - 180xpow(tau,2.0) +_
—120+pow (tau,3.0) );
}
bi

int main(int argc, char const xargvl[])
{
if (argc < 2)
{
std::cerr << "Usage : " << argv[0] << " /path/to/robot-urdf.urdf (optionally -
—1 debug/info/warning/error)" << "\n";
return -1;
}
std::string urdf_url (argv[1l]);

orca::utils::Logger: :parseArgv(argc, argv);

auto robot_model = std::make_shared<RobotModel> () ;
robot_model->loadModelFromFile (urdf_url);
robot_model->setBaseFrame ("base_1link");
robot_model->setGravity (Eigen: :Vector3d(0,0,-9.81));
RobotState eigState;

(continues on next page)
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eigState.resize (robot_model->getNrOfDegreesOfFreedom());
eigState.jointPos.setZero();

eigState. jointVel.setZero();
robot_model->setRobotState (eigState. jointPos,eigState. jointVel);

orca::optim::Controller controller (
"controller"
, robot_model
,orca::optim: :ResolutionStrategy: :OnelevelWeighted
,QPSolverImplType: :gpOASES
)i

auto cart_acc_pid = std::make_shared<CartesianAccelerationPID> ("servo_controller
—");

Vector6d P;

P << 1000, 1000, 1000, 10, 10, 10;

cart_acc_pid->pid()->setProportionalGain (P);

Vectoré6d D;

D << 100, 100, 100, 1, 1, 1;

cart_acc_pid->pid()->setDerivativeGain (D) ;

cart_acc_pid->setControlFrame ("link_ 7");

Eigen::Affine3d cart_pos_ref;

cart_pos_ref.translation() = Eigen::Vector3d(0.3,-0.5,0.41); // x,v,z in meters

cart_pos_ref.linear() = orca::math::quatFromRPY (M _PI,0,0).toRotationMatrix();

Vectore6d cart_vel_ref = Vector6d::Zero();

Vector6d cart_acc_ref = Vector6d::Zero();

cart_acc_pid->setDesired(cart_pos_ref.matrix(),cart_vel_ref,cart_acc_ref);

auto cart_task = controller.addTask<CartesianTask> ("CartTask_EE");
cart_task->setServoController (cart_acc_pid);

const int ndof = robot_model->getNrOfDegreesOfFreedom() ;

auto jnt_trg cstr = std::make_shared<JointTorquelLimitConstraint> ("JointTorquelLimit
=")i

controller.addConstraint (jnt_trg_cstr);

Eigen: :VectorXd jntTrgMax (ndof);

jntTrgMax.setConstant (200.0) ;

Jnt_trg_cstr->setlLimits (-jntTrgMax, jntTrgMax) ;

auto jnt_pos_cstr = std::make_shared<JointPositionLimitConstraint> (
—"JointPositionLimit");
controller.addConstraint (jnt_pos_cstr);

auto jnt_vel_cstr = std::make_shared<JointVelocityLimitConstraint> (
—"JointVelocityLimit");

controller.addConstraint (jnt_vel_cstr);

Eigen::VectorXd jntVelMax (ndof);

jntVelMax.setConstant (2.0);

jnt_vel_cstr->setLimits (-jntVelMax, jntVelMax) ;

double dt = 0.001;
double current_time = 0.0;

// The good stuff...

MinJerkPositionTrajectory traj(5.0);

(continues on next page)
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int traj_loops = 0;
bool exit_control_loop = true;
Eigen::Vector3d start_position, end_position;

cart_task->onActivationCallback ([] () {
std::cout << "Activating CartesianTask..." << '\n';
1)

cart_task->onActivatedCallback ([&] () {

//start_position = cart_task->servoController ()—->getCurrentCartesianPose ().
—~block(0,3,3,1);

end_position = cart_pos_ref.translation();

traj.resetTrajectory(start_position, end_position);

std::cout << "CartesianTask activated. Begining trajectory." << '\n';

)i

cart_task->onComputeBeginCallback ([&] (double current_time, double dt) {
Eigen::Vector3d p, v, a;
traj.getDesired(current_time, p, v, a);

cart_pos_ref.translation() = p;
cart_vel_ref.head(3) = v;
cart_acc_ref.head(3) = a;

//cart_task->servoController ()->setDesired (cart_pos_ref.matrix(),cart_vel_ref,
—cart_acc_ref);

1)

cart_task->onComputeEndCallback ([&] (double current_time, double dt) {
if (traj.isTrajectoryFinished() )
{
if (traj_loops < 4)
{
traj.resetTrajectory(end_position, start_position);
std::cout << "Changing trajectory direction." << '\n';
++traj_loops;
}
else
{
std::cout << "Trajectory looping finished." << '\n';
exit_control_loop = true;

)i

cart_task->onDeactivationCallback ([] () {
std::cout << "Deactivating task." << '\n';

1)

cart_task->onDeactivatedCallback ([] () {

std::cout << "CartesianTask deactivated. Stopping controller" << '\n';

1)
controller.activateTasksAndConstraints () ;
// Control loop

while(traj_loops < 4)
{

(continues on next page)
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controller.update (current_time, dt);
current_time +=dt;

}

std::cout << "Out of control loop." << '\n';

controller.deactivateTasksAndConstraints () ;

while (!controller.tasksAndConstraintsDeactivated())
{
controller.update (current_time, dt);
current_time += dt;
}

return 0;

1.1.9 Gazebo

Simulating a single robot

Note: The source code for this example can be found in [orca_root]/examples/gazebo/
0l-single_robot.cc, or alternatively on github at: https://github.com/syroco/orca/blob/dev/examples/gazebo/
01-single_robot.cc

Full Code Listing

// This file is a part of the ORCA framework.

// Copyright 2017, ISIR / Universite Pierre et Marie Curie (UPMC)

// Copyright 2018, Fuzzy Logic Robotics

// Main contributor (s): Antoine Hoarau, Ryan Lober, and

// Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>

/7

// ORCA is a whole-body reactive controller framework for robotics.

//

// This software is governed by the CeCILL-C license under French law and
// abiding by the rules of distribution of free software. You can use,
// modify and/ or redistribute the software under the terms of the CeCILL-C
// license as circulated by CEA, CNRS and INRIA at the following URL

// "http://www.cecill.info".

//

// As a counterpart to the access to the source code and rights to copy,
// modify and redistribute granted by the license, users are provided only
// with a limited warranty and the software's author, the holder of the
// economic rights, and the successive licensors have only Ilimited

// liability.

//

// In this respect, the user's attention is drawn to the risks associated
// with loading, wusing, modifying and/or developing or reproducing the
// software by the user in light of its specific status of free software,
// that may mean that it is complicated to manipulate, and that also
// therefore means that it is reserved for developers and experienced

(continues on next page)
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// professionals having in-depth computer knowledge. Users are therefore

// encouraged to load and test the software's suitability as regards their
// requirements in conditions enabling the security of their systems and/or
// data to be ensured and, more generally, to use and operate it in the

// same conditions as regards security.

//

// The fact that you are presently reading this means that you have had

// knowledge of the CeCILL-C license and that you accept its terms.

/*+ @file

@copyright 2018 Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>
@author Antoine Hoarau

@Qauthor Ryan Lober

*/

#include <orca/gazebo/GazeboServer.h>
#include <orca/gazebo/GazeboModel.h>

using namespace orca::gazebo;

int main(int argc, charxx argv)
{
// Get the urdf file from the command line
if (argc < 2)
{
std::cerr << "Usage : " << argv[0] << " /path/to/robot-urdf.urdf" << "\n";
return -1;
}
std::string urdf_url (argv[1l]);

// Instanciate the gazebo server with de dedfault empty world

// This is equivalent to GazeboServer gz ("worlds/empty.world")

GazeboServer s;

// Insert a model onto the server and create the GazeboModel from the return value
// You can also set the initial pose, and override the name in the URDF

auto m = GazeboModel (s.insertModelFromURDFFile (urdf_url));

// This is how you can get the full state of the robot
std::cout << "Model \'" << m.getName () << "\' State :\n" << '\n';

std::cout << "- Gravity " << m.getGravity () .transpose() o
. << '"\n';

std::cout << "- Base velocity\n" << m.getBaseVelocity () .transpose () o
. << '\n';

std::cout << "- Tworld->base\n" << m.getWorldToBaseTransform() .
—matrix() << '"\n';

std::cout << "- Joint positions " << m.getJointPositions () .transpose()
. << '"\n';

std::cout << "—- Joint velocities " << m.getJointVelocities () .transpose ()
. << '"\n';

std::cout << "- Joint external torques " << m.getJointExternalTorques() .
—transpose () << '\n';

std::cout << "- Joint measured torques " << m.getJointMeasuredTorques () .
—transpose () << '"\n';

// You can optionally register a callback that will be called
// after every WorldUpdateEnd, so the internal gazebo model is updated
// and you can get the full state (q,qdot, Tworld->base, etc)

(continues on next page)
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m.executeAfterWorldUpdate ([&] (uint32_t n_iter,double current_time,double dt)
{

std::cout << "[" << m.getName () << "]" << '\n'
<< "- iteration " << n_iter << '"\n'
<< "— current time " << current_time << '\n'
<< "- dt " << dt << '\n';

// Example : get the minimal state
const Eigen::VectorXd& g = m.getJointPositions();
const Eigen::VectorXd& gdot = m.getJointVelocities();

std::cout << "ExtTrg " << m.getJointExternalTorques () .transpose() << '\n';
std::cout << "MeaTrg " << m.getJointMeasuredTorques () .transpose() << '\n';
)i

// Run the main simulation loop.

// This is a blocking call that runs the simulation steps

// It can be stopped by CTRL+C

// You can optionally add a callback that happends after WorldUpdateEnd
s.run();

return O;

Simulating multiple robots

Note: The source code for this example can be found in [orca_root]/examples/gazebo/
02-multi_robot.cc, or alternatively on github at: https://github.com/syroco/orca/blob/dev/examples/gazebo/
02-multi_robot.cc

Full Code Listing

/7
/7
//
/7
v
//
/7
v
//
/7
/7
//
/7
v
//
//
v
//
/7
v
//

This file is a part of the ORCA framework.

Copyright 2017, ISIR / Universite Pierre et Marie Curie (UPMC)
Copyright 2018, Fuzzy Logic Robotics

Main contributor (s): Antoine Hoarau, Ryan Lober, and

Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>

ORCA 1is a whole-body reactive controller framework for robotics.

This software is governed by the CeCILL-C license under French law and
abiding by the rules of distribution of free software. You can use,
modify and/ or redistribute the software under the terms of the CeCILL-C
license as circulated by CEA, CNRS and INRIA at the following URL
"http://www.cecill.info".

As a counterpart to the access to the source code and rights to copy,
modify and redistribute granted by the license, users are provided only
with a limited warranty and the software's author, the holder of the
economic rights, and the successive licensors have only limited
liability.

In this respect, the user's attention is drawn to the risks associated

(continues on next page)
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// with loading, wusing, modifying and/or developing or reproducing the
// software by the user in light of its specific status of free software,
// that may mean that it is complicated to manipulate, and that also
// therefore means that it is reserved for developers and experienced
// professionals having in-depth computer knowledge. Users are therefore
// encouraged to load and test the software's suitability as regards their
// requirements in conditions enabling the security of their systems and/or
// data to be ensured and, more generally, to use and operate it in the
// same conditions as regards security.

//

// The fact that you are presently reading this means that you have had

// knowledge of the CeCILL-C license and that you accept its terms.

/x*x @file

@copyright 2018 Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>
@author Antoine Hoarau

@author Ryan Lober

*/

#include <orca/gazebo/GazeboServer.h>
#include <orca/gazebo/GazeboModel.h>

using namespace orca::gazebo;
using namespace Eigen;

int main(int argc, charxx argv)
{
// Get the urdf file from the command line
if (argc < 2)
{
std::cerr << "Usage : " << argv[0] << " /path/to/robot-urdf.urdf" << "\n";
return -1;
}
std::string urdf_url (argv[1l]);

// Instanciate the gazebo server with de dedfault empty world
// This is equivalent to GazeboServer gz ("worlds/empty.world")
GazeboServer gz_server;

// Insert a model onto the server and create the GazeboModel from the return value
// You can also set the initial pose, and override the name in the URDF
auto gz_model_one = GazeboModel (gz_server.insertModelFromURDFFile (urdf_url
,Vector3d(-2,0,0)
,quatFromRPY (0, 0, 0)
,tone"));

// Insert a second model with a different pose and a different name

auto gz_model_two = GazeboModel (gz_server.insertModelFromURDFFile (urdf_url
,Vector3d(2,0,0)
,quatFromRPY (0, 0, 0)
P Mtwo"));

// You can optionally register a callback for each GazeboModel so you can do,
—individual updates on it

// The function is called after every WorldUpdateEnd, so the internal gazebo,
—model 1s updated

// and you can get the full state (q,qdot, Tworld->base, etc)

(continues on next page)
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gz_model_two.executeAfterWorldUpdate ([&] (uint32_t n_iter,double current_time,
—double dt)
{

std::cout << "gz_model_two \'" << gz_model_two.getName () << "\' callback " <<

< '\n'
<< "- iteration " << n_iter << '"\n'
<< "— current time " << current_time << '\n'
<< "- dt " << dt << '"\n';

// Example : get the joint positions
// gz_model_two.getJointPositions ()
1)

// Run the main simulation loop.

// This is a blocking call that runs the simulation steps

// It can be stopped by CTRL+C

// You can optionally add a callback that happends after WorldUpdateEnd
gz_server.executeAfterWorldUpdate ([&] (uint32_t n_iter,double current_time, double
{

std: :cout << "GazeboServer callback " << '\n'

<< "- iteration " << n_iter << '"\n'
<< "— current time " << current_time << '\n'
<< "o dt LS dt << l\nl;

P
gz_server.run();
return O;

Set robot state

Note: The source code for this example can be found in [orca_root]/examples/gazebo/
03-set_robot_state.cc, or alternatively on github at: https:/github.com/syroco/orca/blob/dev/examples/
gazebo/03-set_robot_state.cc

Full Code Listing

// This file is a part of the ORCA framework.

// Copyright 2017, ISIR / Universite Pierre et Marie Curie (UPMC)

// Copyright 2018, Fuzzy Logic Robotics

// Main contributor (s): Antoine Hoarau, Ryan Lober, and

// Fuzzy Logic Robotics <infol@fuzzylogicrobotics.com>

//

// ORCA is a whole—-body reactive controller framework for robotics.

//

// This software is governed by the CeCILL-C license under French law and
// abiding by the rules of distribution of free software. You can use,
// modify and/ or redistribute the software under the terms of the CeCILL-C
// license as circulated by CEA, CNRS and INRIA at the following URL

// "http://www.cecill.info".

//

// As a counterpart to the access to the source code and rights to copy,

(continues on next page)
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// modify and redistribute granted by the license, users are provided only
// with a limited warranty and the software's author, the holder of the
// economic rights, and the successive licensors have only Ilimited

// liability.

//

// In this respect, the user's attention is drawn to the risks associated
// with loading, wusing, modifying and/or developing or reproducing the
// software by the user in light of its specific status of free software,
// that may mean that it is complicated to manipulate, and that also
// therefore means that it is reserved for developers and experienced
// professionals having in-depth computer knowledge. Users are therefore
// encouraged to load and test the software's suitability as regards their
// requirements in conditions enabling the security of their systems and/or
// data to be ensured and, more generally, to use and operate it in the
// same conditions as regards security.

//

// The fact that you are presently reading this means that you have had

// knowledge of the CeCILL-C license and that you accept its terms.

/#*+ @file

@copyright 2018 Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>
@author Antoine Hoarau
@author Ryan Lober

*/

#include <orca/orca.h>
#include <orca/gazebo/GazeboServer.h>
#include <orca/gazebo/GazeboModel.h>

using namespace orca::all;
using namespace orca::gazebo;

int main(int argc, charx* argv)

{

// Get the urdf file from the command line

if (argc < 2)

{
std::cerr << "Usage : " << argv[0] << " /path/to/robot-urdf.urdf" << "\n";
return -1;

}

std::string urdf_url (argv[1l]);

// Instanciate the gazebo server with de dedfault empty world
GazeboServer gz_server (argc,argv);
// This 1is equivalent to GazeboServer gz ("worlds/empty.world")

// Insert a model onto the server and create the GazeboModel from the return value

// You can also set the initial pose, and override the name in the URDF
auto gz_model = GazeboModel (gz_server.insertModelFromURDFFile (urdf_url));

// Create an ORCA robot

auto robot_model = std::make_shared<RobotModel> () ;
robot_model->loadModelFromFile (urdf_url);
robot_model->print ();

// Update the robot on at every iteration
gz_model.executeAfterWorldUpdate ([&] (uint32_t n_iter,double current_time,double
—dt)

(continues on next page)
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std::cout << "Gazebo iteration " << n_iter << " current time: " << current_
—time << " dt: " << dt << "\n';

robot_model->setRobotState (gz_model.getWorldToBaseTransform() .matrix ()
,gz_model.getJointPositions ()
,gz_model.getBaseVelocity ()
,9z_model.getJointVelocities ()
,gz_model.getGravity ()
)i
)i

// Run the main simulation loop.

// This 1is a blocking call that runs the simulation steps

// It can be stopped by CTRL+C

// You can optionally add a callback that happends after WorldUpdateEnd
gz_server.run();

return 0O;

Set robot state with gravity compensation

Note: The source code for this example can be found in [orca_root]/examples/gazebo/
O04-set_robot_state_gravity_compensation.cc, or alternatively on github at: https://github.com/
syroco/orca/blob/dev/examples/gazebo/04-set_robot_state_gravity_compensation.cc

Full Code Listing

// This file is a part of the ORCA framework.

// Copyright 2017, ISIR / Universite Pierre et Marie Curie (UPMC)

// Copyright 2018, Fuzzy Logic Robotics

// Main contributor (s): Antoine Hoarau, Ryan Lober, and

// Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>

//

// ORCA is a whole-body reactive controller framework for robotics.

//

// This software 1is governed by the CeCILL-C license under French law and
// abiding by the rules of distribution of free software. You can use,
// modify and/ or redistribute the software under the terms of the CeCILL-C
// license as circulated by CEA, CNRS and INRIA at the following URL

// "http://www.cecill.info".

//

// As a counterpart to the access to the source code and rights to copy,
// modify and redistribute granted by the license, users are provided only
// with a limited warranty and the software's author, the holder of the
// economic rights, and the successive licensors have only limited

// liability.

//

// In this respect, the user's attention is drawn to the risks associated
// with loading, using, modifying and/or developing or reproducing the
// software by the user in light of its specific status of free software,

(continues on next page)
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// that may mean that it is complicated to manipulate, and that also

// therefore means that it is reserved for developers and experienced

// professionals having in-depth computer knowledge. Users are therefore

// encouraged to load and test the software's suitability as regards their
// requirements in conditions enabling the security of their systems and/or
// data to be ensured and, more generally, to use and operate it in the

// same conditions as regards security.

//

// The fact that you are presently reading this means that you have had

// knowledge of the CeCILL-C license and that you accept its terms.

/*x @file

@copyright 2018 Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>
@author Antoine Hoarau

@author Ryan Lober

*/

#include <orca/orca.h>
#include <orca/gazebo/GazeboServer.h>
#include <orca/gazebo/GazeboModel.h>

using namespace orca::all;
using namespace orca: :gazebo;

int main(int argc, charx* argv)
{
// Get the urdf file from the command line
if (argc < 2)
{
std::cerr << "Usage : " << argv[0] << " /path/to/robot-urdf.urdf" << "\n";
return -1;
}
std::string urdf_url (argv[1l]);

// Instanciate the gazebo server with de dedfault empty world
GazeboServer gz_server (argc,argv);
// This is equivalent to GazeboServer gz ("worlds/empty.world")

// Insert a model onto the server and create the GazeboModel from the return value

// You can also set the initial pose, and override the name in the URDF
auto gz_model = GazeboModel (gz_server.insertModelFromURDFFile (urdf_url));

// Create an ORCA robot

auto robot_model = std::make_shared<RobotModel> () ;
robot_model->loadModelFromFile (urdf_url);
robot_model->print ();

// Set the gazebo model init pose

// auto joint_names = robot_model->getJointNames () ;

// std::vector<double> init_joint_positions (robot_model->
—~getNrOfDegreesOfFreedom(),0);

// gz_model.setModelConfiguration (joint_names,init_ joint_positions);
// or like this
// gz_model.setModelConfiguration ({"joint_2", "joint_5"},{1.5,0.0});

// Update the robot on at every iteration
gz_model.executeAfterWorldUpdate ([&] (uint32_t n_iter,double current_time,double

—dt) (continues on next page)
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robot_model->setRobotState (gz_model.getWorldToBaseTransform() .matrix ()
,gz_model.getJointPositions ()
,gz_model.getBaseVelocity ()
,9z_model.getJointVelocities ()
,gz_model.getGravity ()
)i
gz_model.setJointGravityTorques (robot_model->getJointGravityTorques());

)i

// Run the main simulation loop.

// This is a blocking call that runs the simulation steps

// It can be stopped by CTRL+C

// You can optionally add a callback that happends after WorldUpdateEnd
std::cout << "Simulation running... (GUI with \'gzclient\')" << "\n";
gz_server.run();

return 0;

Using Gazebo to simulate an ORCA controller

Note: The source code for this example can be found in [orca_root]/examples/gazebo/
05-orca_gazebo.cc, or alternatively on github at: https://github.com/syroco/orca/blob/dev/examples/gazebo/
05-orca_gazebo.cc

Full Code Listing

// This file is a part of the ORCA framework.

// Copyright 2017, ISIR / Universite Pierre et Marie Curie (UPMC)

// Copyright 2018, Fuzzy Logic Robotics

// Main contributor (s): Antoine Hoarau, Ryan Lober, and

// Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>

//

// ORCA is a whole—-body reactive controller framework for robotics.

//

// This software is governed by the CeCILL-C license under French law and
// abiding by the rules of distribution of free software. You can use,
// modify and/ or redistribute the software under the terms of the CeCILL-C
// license as circulated by CEA, CNRS and INRIA at the following URL

// "http://www.cecill.info".

//

// As a counterpart to the access to the source code and rights to copy,
// modify and redistribute granted by the license, users are provided only
// with a limited warranty and the software's author, the holder of the
// economic rights, and the successive licensors have only limited

// liability.

//

// In this respect, the user's attention is drawn to the risks associated
// with loading, using, modifying and/or developing or reproducing the
// software by the user in light of its specific status of free software,
// that may mean that it is complicated to manipulate, and that also

(continues on next page)
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// therefore means that it is reserved for developers and experienced

// professionals having in-depth computer knowledge. Users are therefore

// encouraged to load and test the software's suitability as regards their
// requirements in conditions enabling the security of their systems and/or
// data to be ensured and, more generally, to use and operate it in the

// same conditions as regards security.

//

// The fact that you are presently reading this means that you have had

// knowledge of the CeCILL-C license and that you accept its terms.

/*x*x @file

@copyright 2018 Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>
@author Antoine Hoarau

@author Ryan Lober

*/

#include <orca/orca.h>
#include <orca/gazebo/GazeboServer.h>
#include <orca/gazebo/GazeboModel.h>

using namespace orca::all;
using namespace orca::gazebo;

int main(int argc, char const xargvl[])
{
if (argc < 2)
{
std::cerr << "Usage : " << argv[0] << " /path/to/robot-urdf.urdf (optionally -
—1 debug/info/warning/error)" << "\n";
return -1;
}
std::string urdf_url (argv[1l]);

GazeboServer gz_server (argc,argv);

auto gz_model = GazeboModel (gz_server.insertModelFromURDFFile (urdf_url));

gz_model.setModelConfiguration( { "joint_0", "joint_3","joint_5"} , {1.0,-M_PI/2.,
—M_PI/2.});

orca::utils::Logger: :parseArgv(argc, argv);

auto robot_model = std::make_shared<RobotModel> () ;
robot_model->loadModelFromFile (urdf_url);
robot_model->setBaseFrame ("base_1link");
robot_model->setGravity (Eigen: :Vector3d(0,0,-9.81));

orca: :optim::Controller controller(
"controller"
, robot_model
,orca::optim: :ResolutionStrategy: :0OnelLevelWeighted
,OPSolverImplType: :qpOASES
)

auto cart_acc_pid = std::make_shared<CartesianAccelerationPID> ("servo_controller

oy, (continues on next page)
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cart_acc_pid->pid() ->setProportionalGain ({1000, 1000, 1000, 10, 10, 10});
cart_acc_pid->pid()->setDerivativeGain ({100, 100, 100, 1, 1, 11});
cart_acc_pid->setControlFrame ("link_ 7");

auto cart_task = controller.addTask<CartesianTask> ("CartTask_EE");
cart_task->setServoController (cart_acc_pid);

const int ndof = robot_model->getNrOfDegreesOfFreedom() ;

auto jnt_trg cstr = controller.addConstraint<JointTorquelimitConstraint> (
—"JointTorqueLimit");

Eigen::VectorXd jntTrgMax (ndof);

JntTrgMax.setConstant (200.0) ;

jnt_trqg _cstr->setlLimits (-jntTrgMax, jntTrgMax) ;

auto jnt_pos_cstr = controller.addConstraint<JointPositionLimitConstraint> (
—"JointPositionLimit");

auto jnt_vel_ cstr = controller.addConstraint<JointVelocityLimitConstraint> (
—"JointVelocityLimit");

Jnt_vel_cstr->setLimits (Eigen: :VectorXd: :Constant (ndof,-2.0),
—Eigen::VectorXd: :Constant (ndof,2.0));

// Lets decide that the robot 1is gravity compensated
// So we need to remove G(q) from the solution
controller.removeGravityTorquesFromSolution (true);
gz_model .executeAfterWorldUpdate ([&] (uint32_t n_iter,double current_time, double
<~>dt)
{
robot_model->setRobotState (gz_model.getWorldToBaseTransform() .matrix ()
,9z_model.getJointPositions ()
,gz_model.getBaseVelocity ()
,9z_model.getJointVelocities ()
,9z_model.getGravity ()
)i
// Compensate the gravity at least

gz_model.setJointGravityTorques (robot_model->getJointGravityTorques());
// All tasks need the robot to be initialized during the activation phase
if(n_iter == 1)

controller.activateTasksAndConstraints();
controller.update (current_time, dt);

if (controller.solutionFound())

{

gz_model.setJointTorqueCommand ( controller.getJointTorqueCommand () );

}

else

{
gz_model.setBrakes (true);
1)

std::cout << "Simulation running... (GUI with \'gzclient\')" << "\n";

// If you want to pause the simulation before starting it uncomment these lines

(continues on next page)
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// Note that to unlock it either open 'gzclient' and click on the play button

// Or open a terminal and type 'gz world —-p false'

//

std::cout << "Gazebo is paused, open gzclient to unpause it or type 'gz world -p,
—~false' in a new terminal" << '\n';

gazebo::event::Events: :pause.Signal (true);

gz_server.run();
return 0O;

Minimum jerk Cartesian trajectory following

Note: The source code for this example can be found in [orca_root]/examples/gazebo/
06-trajectory_following.cc, or alternatively on github at: https:/github.com/syroco/orca/blob/dev/
examples/gazebo/06-trajectory_following.cc

Full Code Listing

// This file is a part of the ORCA framework.

// Copyright 2017, ISIR / Universite Pierre et Marie Curie (UPMC)

// Copyright 2018, Fuzzy Logic Robotics

// Main contributor (s): Antoine Hoarau, Ryan Lober, and

// Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>

/S

// ORCA is a whole-body reactive controller framework for robotics.

//

// This software 1is governed by the CeCILL-C license under French law and
// abiding by the rules of distribution of free software. You can use,
// modify and/ or redistribute the software under the terms of the CeCILL-C
// license as circulated by CEA, CNRS and INRIA at the following URL

// "http://www.cecill.info".

//

// As a counterpart to the access to the source code and rights to copy,
// modify and redistribute granted by the license, users are provided only
// with a limited warranty and the software's author, the holder of the
// economic rights, and the successive licensors have only limited

// liability.

//

// In this respect, the user's attention is drawn to the risks associated
// with loading, using, modifying and/or developing or reproducing the
// software by the user in light of its specific status of free software,
// that may mean that it is complicated to manipulate, and that also
// therefore means that it is reserved for developers and experienced
// professionals having in-depth computer knowledge. Users are therefore
// encouraged to load and test the software's suitability as regards their
// requirements in conditions enabling the security of their systems and/or
// data to be ensured and, more generally, to use and operate it in the
// same conditions as regards security.

/7

// The fact that you are presently reading this means that you have had

(continues on next page)
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// knowledge of the CeCILL-C license and that you accept its terms.

/*x @file
@copyright 2018 Fuzzy Logic Robotics <info@fuzzylogicrobotics.com>
@author Antoine Hoarau
@author Ryan Lober

*/

#include <orca/orca.h>

#include

#include

<orca/gazebo/GazeboServer.h>
<orca/gazebo/GazeboModel .h>

using namespace orca::all;
using namespace orca::gazebo;

class MinJerkPositionTrajectory ({
private:
Eigen::Vector3d alpha_,
double duration_ = 0.0;
double start_time_ = 0.0;
bool first_call_ = true;
bool traj_finished_ = false;

Sp_, €p_;

public:
MinJerkPositionTrajectory
duration_ (duration)

(double duration)

bool isTrajectoryFinished () {return traj_finished_;}

void resetTrajectory (const Eigen::Vector3dé& start_position,
— end_position)
{
sp_ = start_position;
ep_ = end_position;
alpha_ = ep_ - sp_;
first_call_ = true;
traj_finished_ = false;

void getDesired(double current_time,
—Eigen::Vector3ds a)
{

Eigen::Vector3ds p, Eigen:

if(first_call_)

{

current_time;
false;

start_time_ =
first_call =
}
double tau = / duration_;

(current_time - start_time_)

if(tau >= 1.0)

{
b = ep_;
v = Eigen::Vector3d::Zero();
a = Eigen::Vector3d::Zero();

traj_finished_ = true;

const Eigen::Vector3dé&

:Vector3ds v, .,

(continues on next page)
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return;
}
P sp_ + alpha_ * ( 1lO0xpow(tau,3.0) — 15xpow(tau,4.0) + 6xpow(tau,5.0) ) ;
v = Eigen::Vector3d::Zero() + alpha_ * ( 30xpow(tau,2.0) - 60xpow(tau,3.0) +.
—30xpow (tau,4.0) )
a = Eigen::Vector3d::Zero() + alpha_ * ( 60xpow(tau,1.0) - 180xpow(tau,2.0) +_
—~120*pow (tau,3.0) );

}.

’

}

int main(int argc, char const xargvl])

{

if (argc < 2)
{

std::cerr << "Usage : " << argv[0] << " /path/to/robot-urdf.urdf (optionally -
debug/info/warning/error)" << "\n";

return -1;

}
std::string urdf_url (argv[1l]);

orca::utils::Logger: ::parseArgv (argc, argv);

auto robot_model = std::make_shared<RobotModel> () ;
robot_model->loadModelFromFile (urdf_url);
robot_model->setBaseFrame ("base_1link");
robot_model->setGravity (Eigen: :Vector3d(0,0,-9.81));

orca::optim::Controller controller (
"controller"
, robot_model
,orca::optim: :ResolutionStrategy: :OnelLevelWeighted
,QPSolverImplType: :gpOASES
)i

const int ndof = robot_model->getNrOfDegreesOfFreedom() ;

auto joint_pos_task = controller.addTask<JointAccelerationTask> ("JointPosTask");

// Eigen::VectorXd P (ndof);
// P.setConstant (100) ;
joint_pos_task->pid() ->setProportionalGain (Eigen: :VectorXd: :Constant (ndof, 100));

// Eigen::VectorXd I (ndof);
// I.setConstant (1);
joint_pos_task-—>pid() —>setDerivativeGain (Eigen: :VectorXd: :Constant (ndof, 1));

// Eigen::VectorXd windupLimit (ndof);
// windupLimit.setConstant (10);
joint_pos_task->pid () ->setWindupLimit (Eigen: :VectorXd: :Constant (ndof, 10));

// Eigen::VectorXd D (ndof);
// D.setConstant (10);

joint_pos_task-—>pid() —>setDerivativeGain (Eigen: :VectorXd: :Constant (ndof, 10));

joint_pos_task->setWeight (1.e-6);

(continues on next page)
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auto cart_acc_pid = std::make_shared<CartesianAccelerationPID> ("CartTask_ EE-servo_

—controller");

Vector6ed P;

P << 1000, 1000, 1000, 10, 10, 10;
cart_acc_pid->pid() ->setProportionalGain (P);
Vector6ed D;

D << 100, 100, 100, 1, 1, 1;
cart_acc_pid->pid() —>setDerivativeGain (D) ;
cart_acc_pid->setControlFrame ("link_7");

auto cart_task = controller.addTask<CartesianTask> ("CartTask_EE");
cart_task->setServoController (cart_acc_pid);

auto jnt_trg cstr = controller.addConstraint<JointTorquelimitConstraint> (

—"JointTorquelimit") ;

Eigen::VectorXd jntTrgMax (ndof);
JjntTrgMax.setConstant (200.0) ;
jnt_trg_cstr->setLimits (-jntTrgMax, jntTrgMax) ;

auto jnt_pos_cstr = controller.addConstraint<JointPositionLimitConstraint> (

—"JointPositionLimit") ;

auto jnt_vel_cstr = controller.addConstraint<JointVelocityLimitConstraint> (

—"JointVelocityLimit");

—M

Eigen: :VectorXd jntVelMax (ndof);
jntVelMax.setConstant (2.0);
jnt_vel_cstr->setLimits (-jntVelMax, jntVelMax) ;

GazeboServer gzserver (argc,argv);
auto gz_model = GazeboModel (gzserver.insertModelFromURDFFile (urdf_url));
gz_model.setModelConfiguration( { "joint_0", "joint_3","joint_5"} , {1.0,-M_PI/2.,

_PI/2.});

SIS S
SIS 777777 S S
A N Va4
SIS S

MinJerkPositionTrajectory traj(5.0);

int traj_loops = 0;

Eigen::Vector3d start_position, end_position;
Eigen: :VectorXd controller_torques (ndof);
Eigen::Affine3d desired_cartesian_pose;

Vector6d desired_cartesian_vel = Vectoréd::Zero();
Vector6od desired_cartesian_acc = Vectoréd::Zero();

cart_task->onActivationCallback ([] () {
std::cout << "Activating CartesianTask..." << '\n';

)i

cart_task->onActivatedCallback ([&] () {
desired_cartesian_pose = cart_acc_pid->getCurrentCartesianPose();
Eigen::Quaterniond quat = orca::math::quatFromRPY (M_PI,0,0); // make it point_

—to the table (continues on next page)
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desired_cartesian_pose.linear () = quat.toRotationMatrix();

start_position = desired_cartesian_pose.translation();
end_position = start_position + Eigen::Vector3d(0,-0.35,-.3);
traj.resetTrajectory(start_position, end_position);

b

cart_task->onComputeBeginCallback ([&] (double current_time, double dt) {
if (cart_task->getState() == TaskBase::State::Activated)
{
Eigen::Vector3d p, v, a;
traj.getDesired(current_time, p, v, a);

desired_cartesian_pose.translation() = p;
desired_cartesian_vel.head(3) = v;
desired_cartesian_acc.head (3) a;

cart_acc_pid->setDesired(desired_cartesian_pose.matrix(),desired_
—cartesian_vel,desired_cartesian_acc);
}
1)

cart_task->onComputeEndCallback ([&] (double current_time, double dt) {
if (cart_task->getState() == TaskBase::State::Activated)
{
if (traj.isTrajectoryFinished() )
{
if (traj_loops < 10)
{
// flip start and end positions.
auto ep = end_position;

end_position = start_position;

start_position = ep;

traj.resetTrajectory(start_position, end_position);

std: :cout << "Changing tr