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Introduction

Wearhap-robot interaction: Requirements

● Flexible (i.e. beyond classical robotics challenges)
● High bandwidth (e.g. RGBD streams)
● Low latency (e.g. forcecontrol loops)
● Modular
● Distributed (i.e. crossdevice exchange)
● Rapid control prototyping
● Availability of stateoftheart implementations

Background: Software architectures for complex robotic systems

Multirobot + human scenario: The proposed architecture integrates two mobile manipulators                   
and the decentralized overall control scheme. Each robot consists of 4 FireWire cameras, 1                         
Kinect camera on a pantilt head, two 7DoF manipulators with wrench sensing and twofinger                         
parallel grippers, an omnidirectional mobile platform, 2 laser range finders. The decentralized                     
control scheme involves imageprocessing, point cloud processing, objectcentered global               
admittance control and a higherlevel state machine.
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Illustrative Example Scenario

Motion Tracking

● Qualisys Motion Tracker
● PTI Phoenix Visualeyez Motion Tracking
● Microsoft Kinect Sensor
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Data Processing

● Data filtering/fusion/estimation
● Highlevel (taskoriented) control loops
● Setpoint generation

Robot Control

● Manipulator control (force/position tracking)
● Mobile platform control
● Gripper control
● Active sensing (pantiltunit)
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Real-Time Computing with PreemptRT

The PreemptRT patch
The RT patch converts the core functionality of the Linux kernel (locking behaviour, interrupt                         
handling,...) into fully preemptible processes. The ultimate goal is not to increase the                       
computational throughput of the processor but to achieve deterministic completion of (periodic)                     
tasks. To this end each realtime process is assigned a priority which is evaluated by the                             
scheduler to allocate computation time for this process.

Resources
https://rt.wiki.kernel.org/index.php/RT_PREEMPT_HOWTO
http://www.spinics.net/lists/linuxrtusers/ Public mailing list of linuxrtusers@vger.kernel.org

Easy real-time programming using the RT Helpers

/usr/local/src/rt_helpers/test_rt_helpers.c:

#include <rt_helpers.h>
#include <stdio.h>

int main(int argc, char *argv[]) {
        // Default process priority 49 (=50)
        rt_sched(); //Schedule this process with realtime scheduling

        rt_timer timer;
        rt_start_timer(&timer,1e3); // Process period is 1ms

        for (int i = 0; i < 10000; i++) {
                rt_print_timer(&timer);
                //rt_print_time();
                /* do stuff */
                rt_wait_period(&timer);
        } //for
} //main

Output:
 rt_timer 
count: 1
time:  251953 s, 393776294 ns
start time:  251953 s, 392776294 ns
time since start:  0 s, 1000000 ns
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 rt_timer 
count: 2
time:  251953 s, 394776294 ns
start time:  251953 s, 392776294 ns
time since start:  0 s, 2000000 ns

...

The TUM reference implementation system
Access our reference system through:

ssh YOURGROUP@wearhap.lsr.ei.tum.de
The TUM wearhap team ensures this system provides the proper environment for wearhap                       
software development. The system setup is identical to the actual robot system.

The Real-Time Database (RTDB)
Publicly available at http://www.kogmortdb.de/ (Open Source, Apache License 2.0)

Starting a database
Run
rtdbstart
to start a database of size $KOGMO_RTDB_HEAPSIZE or default 500MB. This command
reserves shared memory at /dev/shm/kogmo_rtdb.system.
Stopping a database and all connected processes is done using
rtdbstop
but is usually not necessary.

Using the RTDB in C or C++
The global CMakeLists.txt sets all necessary paths.
Prerequisites in C
#include <kogmo_rtdb.h>
Prerequisites in C++
#include <kogmo_rtdb.hxx>
Compiling/Linking
Using CMake to compile your subproject is suggested.
add_executable(MyProgram

main.cpp
)
In your subproject CMakeLists.txt, link
target_link_libraries(MyProgram

kogmo_rtdb
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rtdb_helpers
rt
mylibs ...

)
Introduction webinars to CMake are available at:
http://www.cmake.org/cmake/resources/webinars.html.

Connecting to a running database

Connecting in C
kogmo_rtdb_connect_initinfo(dbinfo, "", "conn_name", 0.001);
*objectid = kogmo_rtdb_connect (&dbc, dbinfo);

Connecting in C++
KogniMobil::RTDBConn DBC("my_program_name", 0.003);

RTDB object types

Reading data

Reading data in C
Search for an object in the RTDB:

objectid =
kogmo_rtdb_obj_searchinfo(dbc,"obj_name",TYPEID_OBJ,0,0,0,0,1);

Asynchronous read
kogmo_rtdb_obj_readdata(dbc, objectid, 0, object,
sizeof(obj_t));

Synchronous read
kogmo_rtdb_obj_readdata_waitnext(dbc, objectid, 0, object,

sizeof(obj_t));
Reading data in C++
Search for an object in the RTDB:

KogniMobil::MyRTDBObject obj(DBC);
obj.RTDBSearch(“objectname”);

Asynchronous read
obj.RTDBRead();

Synchronous read
obj.RTDBReadWaitNext();
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Inserting, writing and updating data

Insert, write, update in C

Insert
kogmo_rtdb_obj_initinfo(dbc, &obj_info, "objectname",
TYPEID_OBJ, sizeof (obj_t));
kogmo_rtdb_obj_insert (dbc, &obj_info);
kogmo_rtdb_obj_initdata (dbc, &obj_info, &object);

Write or update
kogmo_rtdb_obj_writedata(dbc, obj_info.oid, &object);

Insert, write, update in C++

Insert
KogniMobil::MyRTDBObject obj(DBC, “objectname”);
obj.RTDBInsert();

Write or update
obj.RTDBWrite();

Provided Modules

Sensors

Motion tracking with the Qualisys or PTI Phoenix
Marker tracking (translation), rigidbody pose (translation and rotation)

Laser range finders
Point cloud, intensity

RGB and RGB-D cameras
Full RGB or RGBD image, no point clouds

Manipulator position encoders and force sensing
Cartesian or joint space command and measurement, wrench vector at end effector

More on demand
Robot skin? ...

Actuators

Mobile platform
Holonomic velocity command
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Manipulators
Cartesian or joint space command

Two finger parallel grippers
Force command, Position command, Open/Close

More on demand
Pantilt unit, Barrett Technology threefingered hand, magnetic grippers

Data types, interfaces
In order to process data with the RTDB suitable data types have to be defined. A variety of
objects ready to use can be found in ./src/arch/rtdbobjects/ The following steps
illustrate how new data types can be defined. Assume one would like to put the two three
dimensional force and torque vectors conjointly into the RTDB (in screw theory this is known as
wrench).

Definition of the data structs
Each RTDB object is composed of a base object (containing RTDBspecific data) and a
subobject (containing applicationspecific data). For use in C, this is achieved by defining the
following structs (./src/arch/rtdbobjects/Wrench.h):

typedef struct WrenchStruct {
        vector3d force;
        vector3d torque;
} subobj_wrench_t;

typedef struct {
        kogmo_rtdb_subobj_base_t base;
        subobj_wrench_t wrench;
} obj_wrench_t;

The struct obj_wrench_t defines a readytouse RTDB object in C. The structure of the
application data is defined in the struct subobj_wrench_t, incorporating two previously
defined variables of type vector3d.

Registration of the type ID
Before using this object, one needs to register the new object type in the RTDB framework. This
is done by appending

 TYPEID_WRENCH
to the end of the file ./opt/kogmortdb/include/kogmo_rtdb_obj_base.id, assigning
a unique identifier for this object type.

Object class definition
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For any RTDB object a suitable C++ class may be defined. The most convenient way of creating
a new RTDB object class is by using a template, i.e. adding

typedef RTDBObj_T < subobj_wrench_t, TYPEID_WRENCH, RTDBObj > Wrench_T;

in ./src/arch/rtdbobjects/Wrench.h. This definition of Wrench_T creates a parent
class containing the previously defined C data struct, the correct type ID and a variety of
interfaces/methods common to all RTDB objects. The actual RTDB object class inherits from
Wrench_T :

class Wrench : public Wrench_T {
public:
         ~Wrench();
        Wrench(class RTDBConn& DBC, const char* name=""): Wrench_T (DBC, name) {};
        Wrench(const Wrench &p);

        std::string dump (void) const;

        void setWrench(WrenchStruct *wrench);
        KogniMobil::WrenchStruct getWrench();
}

The method dump is used to display the content of objects in the  RTDB GUI and should be
implemented individually for each RTDB object (see e.g. ./src/arch/rtdbobjects/Wrench.cpp)

Enabling the dump command

Displaying the content of new RTDB objects in the GUI has to be activated manually in
./opt/kogmortdb/include/kogmo_rtdb_obj_dump.hxx by including the header of our new object

#include <Wrench.h>

and adding the line

DUMPTRY(Wrench);

in the lower part of the file. Subsequently to the definition of a new RTDB object, the kogmortdb
(and components using it as e.g. the GUIs) need to be recompiled. The new object class is now
ready to use in your code via

Wrench myWrench(DBC, “wrench_data”);

GUIs
The command
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Guis
opens a root GUI. From here, we can open all other Guis. All Guis are networkenabled and need                                 
the corresponding IceServer endpoint to be started at the machine running the RTDB.

Starter
GuiStarterin conjunction with IceServerStarterallow easy maintenance of the startup                   
process. The application allows to define startorders and stoporders and displays the program                       
status through evaluating the RTDB connection of the process.
Startup definitions are found at wearhap/etc/starter/.

Viewer
The GuiViewerin conjunction with the IceServerViewerdisplays the current tree of RTDB                       
objects. A double click on an RTDB object shows the object’s dump which is either the generic                               
object information or  if implemented  a useful dump showing the object’s content.
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Platform
The GuiLocomotion in conjunction with the IceServerLocomotion allows sending               
holonomic velocity commands to the mobile platform. The velocity magnitude is set using the                         
number keys, the direction is commanded using WASD for translation and QE for rotation.
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Manipulator
The GuiManipulationin conjunction with theIceServerManipulationallows sending all                 
different command types to the manipulators. Note, that the orientation is set as unit quaternion.

Gripper
The GuiGripper in conjunction with the IceServerGripper allows sending commands to
the two finger parallel grippers. The grasp force is set through specifying the MaxCurrent. A value
of 6A is the maximum setting.
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Advanced topics

Interfacing other frameworks
ROS (Robot Operating System) and Simulink are directly integrated in the framework.

Interfacing ROS
This example shows how the data variable can be communicated from RTDB to ROS topic
rosTopicName and vice versa.

Publishing data from RTDB to ROS:

// Initialize ROS
ros::init(argc, argv, rosNode);

// Create a node handler
ros::NodeHandle nh;

// Create a publisher
ros::Publisher pub = nh.advertise<messageType>(rosTopicName, 1);

// Define a ROS message
messageType message;

// Connect to RTDB database
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RTDBConn DBC(rtdbProcName.c_str(), rtdbCycle, "",
RTDBConnFlag_NoWait);

// Create RTDB Container
SensorData data(DBC);

// Fetch the data
while (ros::ok())
{

// Read the data from RTDB
data.RTDBRead();
message = data.getSensorData();

// Publish data to ROS
pub.publish(message);

}

Publishing data from ROS to RTDB:

// Create a RTDB
RTDBConn DBC = new RTDBConn(rtdbProcName.c_str(), rtdbCycle, "");

// Create a new RTDB Container
SensorData data = new SensorData(*DBC,dataName.c_str());

// Initialize ROS
ros::init(argc, argv, rosInit);

// Create a node handler
ros::NodeHandle nh;

// Create a subscriber
ros::Subscriber sub nh.subscribe(rosTopicName, 1, rosCallback);

// Insert data to RTDB
data>RTDBInsert();

// ROS Callback function called by a subscriber
void rosCallback(const messageType message)
{

// Read the data from ROS message
data>setSensorData(message);
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// Write data to RTDB
data>RTDBWrite();

}
Interfacing Simulink

Networked databases
In order to access database objects across different hosts, the data needs to be transferred
between local and remote RTDBs over the network. Since ethernet transmissions are
intrinsically nondeterministic, timecritical data should generally not be sent over network. If
required anyway, there exists an extension based on the Open RealTime Ethernet which
provides the possibility to synchronize dedicated objects between multiple RTDBs. All settings
are found in a XMLfile (./src/arch/rtdbnetwork/config.xml)

<Hosts>
        <Host value="host1"/>
        <Host value="host2"/>
</Hosts>

<Objects>
  <Object>
    <name           value="sensor_data"/> <! Object name >
    <source         value="host1" /> <! Source hostname >
    <destination    value="host2" /> <! Destination hostnames host1,host2,...)>
    <transmPeriod   value="100"     /> <! Transmission period (in ms) >
    <transmType     value="tcp"     /> <! Transmission mode (udp/tcp) >
    <objExists      value="no"      /> <! Object exists in remote RTDB (yes/no) >
  </Object>
</Objects>

Each host participating in the networked RTDB transmission should be listed in the <Hosts>
section. The name, the source and the destination hosts need to be specified for each object to
be transmitted. If one object needs to be sent to different hosts, a list of destinations is possible
and multicast transmission is used when choosing “udp” as transmission type. The
transmission period can either be set manually or eventbased by setting transmPeriod = 0 (i.e.
transmit whenever the object is updated in the source RTDB).

The networked RTDB extension is started via

tum@wearhap:~/$ netRTDBmanager config.xml

on each host. Note that all hosts should use identical config files.

Resources
http://sourceforge.net/projects/orte/ Open RealTime Ethernet
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Getting Access

The TUM Wearhap repository
To get started, download and compile the repository on our reference system.
svn co username svnwearhap password xa7Mi

https://svn.lsr.ei.tum.de/groups/wearhap
cd wearhap
cmake .
make

Repository organization
bin  binaries, autogenerated content only
lib  libraries, autogenerated content only
etc  configuration files, all humanreadable
opt  third party software, source files, not developed within WEARHAP
src  architecture source code, source files, developed within WEARHAP, tested
doc  documents, manuals, all human readable
log  log files, data of any format
grp  private group folders for each group, not in the global build tree, may be untested/stable

Citation Guide
If our architecture is used in your project, please cite [1] and [2].
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