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Summary 
 

This paper is a description of ongoing research utilizing passive and active haptic 
devices at the Intelligent Machine Dynamics Laboratory (IMDL) at Georgia Institute of 
Technology.  The focus of the research involves the algorithms required to control an 
energetically active slave using an energetically passive master.  National Instruments 
(NI) PXI hardware and LabVIEW Real-Time software are used in the investigation of the 
haptic (force-feedback) teleoperation of master and slave robots.  NI PXI systems are 
used to control both the master and the slave robots with communication between the two 
implemented using the UDP internet communications protocol native to LabVIEW Real-
Time.  This paper serves as a report of the current status of an ongoing project.   
 
Background 
 

Humans gain insight into their surroundings through haptic feedback.  The word 
“haptic”  means “of or relating to the sense of touch; tactile.”   When interacting with a 
physical object, we experience a haptic sensation. How the object responds to touch 
relays important information back to the human. Examples such as inertial force 
conveying a lifted object’s mass and the texture of an object providing clues about its 
material properties.  
 Haptics, also known as “ force feedback teleoperation,”  attempts to provide 
environmental interactions through a robotic system.  These interactions are mimicked 
using robotic arms. Varying the forces exhibited by the robotic arm, or haptic interface 
provides the user with the sensation of interacting with the actual system.  Haptic robotics 
can be viewed as a high-tech, multi-dimensional, force feedback computer input device; a 
not-too-distant cousin of a joystick or a mouse that exhibits forces or other tactile 
information to the user. 
 Haptic devices can be divided into two distinct groups, active devices and passive 
devices.  The delineation is made by considering whether energy is added to the system 
by the device.  Active devices are probably the most prevalent and have the ability to add 
energy to a system.  In our case, the robotic joints have motors, hydraulic actuators or 
some other form of actuator that creates motion, adds energy, and reflects virtual forces.   

Passive devices can only remove or dissipate energy from the system.  In this 
case, the device has no motors but instead has brakes or dampers that provide the user 
with feedback forces.  The passive haptic robot cannot force a user in a certain direction, 
but instead can only prevent or slow a user’s motion.  The braking or damping provides 
the user with feedback from the virtual or remote system.  The benefit of a passive device 
is that force spikes generated by the virtual environment can not do any damage to the 
actual environment or the user. 



 One of the main uses of haptics is for the remote control of other devices, known 
as bilateral teleoperation.  “Teleoperation”  means control of a remote device and 
“bilateral”  implies that both objects are interacting with one another.  Information from 
the controlling robot (the master) is transmitted to the remote robot (the slave) and vise-
versa.  Ideally the operator would feel (by holding the handle or tip of the master robot) 
an exactly scaled version of the force exerted on the tip of the slave by the physical 
environment. Applications include the remote control of robots that complete tasks 
requiring delicate control in environments that are hazardous to humans.  An example of 
this is the deep-sea hunt for the Sussex, a late 15th Century French British warship 
thought to contain 6 tons of gold an countless other treasures.  The ship rests in 2,500 feet 
of water (a depth that human divers cannot reach), and the treasure is very fragile.  Thus, 
haptic feedback will be used to control the underwater remote operating vehicles ensuring 
that an operator can feel the artifacts as they’ re delicately excavated [O’BRIEN, “The 
Bounty Hunter,”  in Wired, September 2003]. 
 
 
Project Description 
 
    Two different aspects of haptic teleoperation are explored.  One aspect focuses 
on the effects of teleoperation over long distances via the internet.  The issues associated 
with variable time delays are investigated.  One benefit of utilizing National Instruments 
tools is the easy transition between the TCP/IP and UDP internet communication 
protocols.  In doing so, it is easier to compare the protocols on the same platform in the 
same system. Previous research done by IMDL students as well as preliminary results 
with the NI hardware have shown the UDP communication protocol better suited 
(improved consistency and reduced time delay) for control applications where the 
important communication factors are small packet size and high speed [MUNIR S., 
“ Internet-Based Teleoperation Using Wave Variables With Prediction,”  in IEEE 
Transactions on Mechatronics, Vol 7, No 2, June 2002].  
 
 The second aspect is less documented in the literature and investigates the use of a 
passive master with an active slave in haptic teleoperation.  The research looks at the 
problems of control and haptic interaction when the master robot is not able to provide a 
restoring force.  Two robots are utilized, one as a passive master (two-dimensional 
joystick) and one as an active slave.  The passive master used in these experiments is 
limited in that it cannot force the user in an arbitrary direction; instead it can only guide 
the user using a magneto-rheologic braking system.  The basic assumption is that the user 
is cooperative and is attempting to complete the task.  The slave tracks the position of the 
master and provides position feedback to the computer controlling the master.  The 
position error between the master and slave is then combined with virtual effects (virtual 
forces, virtual fixtures, dynamic effects of the slave) in calculating a force to be 
commanded to the brakes of the master. This provides feedback to the user, through the 
master device, acting as the haptic interface.   
 As a teleoperation experiment, the platform (real-time operating system and 
hardware platform) of the master and slave are often independent; however for 
simplicity, the project has been designed using NI PXI and LabVIEW Real-Time 



products to control both the master and slave.  The control of the master involves reading 
2 quadrature encoders and an analog force sensor and then commanding forces to either 3 
or 4 magneto-rheological brakes through a pulse-width modulation amplifier.  This is 
simply acquiring an analog voltage input and producing a PWM signal for the brake.  To 
simplify the control of the slave, a NI Motion Control card is used.  

In the current setup, the linear motor being used as the slave device is being 
controlled using simple Proportional-Derivative (PD) control through a 6070E DAQ 
card.  The next step in the research will involve extending the hardware to include a two-
dimensional slave device.  A PXI-7344 NI Motion Control card will be used.  The card 
will have the slave©s target position updated via a UDP connection so that it follows the 
position of the master.  Bilateral communication will allow the position of the slave to be 
relayed back to the master via the UDP connection.  The details of the local control of the 
slave will be handled by entirely by the motion control card.  This step simplifies the 
implementation of the slave device©s local control, allowing the focus of the research to 
remain on the communication between master and slave and on the local control of the 
haptic master. 
 
Hardware used: 
 

Master  
PXI-1042 -  8-slot PXI Chassis  
PXI-8175RT - 866 MHz PIII RT Controller 
PXI-8210 - Ethernet adapter 
PXI-6713 - 12-Bit High Speed Analog Output 
PXI-6070E - Multifunction DAQ 
 
Slave 
PXI-1002 - 4-slot PXI Chassis 
PXI-8145RT - 266 MHz Pentium RT Controller 
PXI-7344 - Motion control card 
PXI-6070E - Multifunction DAQ 
UMI-7774 - Universal Motion Interface 

 
 
 
 
Setup Descr iption 
  

Control of the master is provided by a PXI-8175 running the LabVIEW Real-Time 
OS using the input/output capabilities of the PXI-6070E and PXI-6713 boards.  The 
system reads force input and two encoder signals and outputs force commands to the four 
magneto-rheological brakes (Figure 1). 
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Figure 1:   The master setup with the PXI system connected to the master robot.  

 
A custom connector box was created from the SCB-68 and the CB-68.  This 

connector is used to interface both of the I/O cards with the encoders, force sensor and 
motor PWM amplifiers.  Inside the connector box additional circuitry was added to 
simplify the handling of the encoder signals:  Two LS7083 chips produced by U.S. 
Digital are currently being used to count the encoder pulses (one for each encoder).  The 
chips take the A and B lines of the quadrature encoders and output a counter signal and a 
direction bit.  Using this method, each encoder only occupies one counter line on the 
PXI-6070E board.  Furthermore, the encoders provide 4x resolution using hardware 
decoding and very little processor time.  All of the connections to the custom box are D-
SUB 9 connectors (with the exception of the two 68-pin connectors for the I/O boards). 
(Figure 2). 

 
 
 
 
 
 
 
 
 
 
 



 
 
Figure 2:  The I/O connector box.  The two encoder counter chips are soldered into the 
prototyping area of the SCB-68 board (top center), and all of the connections to the 
master robot use the D-SUB 9 connectors at each corner of the box.  The analog input 
and outputs are connected under the board (not visible here).  The 68-pin I/O connectors 
are stacked and each has a status LED to indicate a powered connection. 

 
 
Originally, the Master haptic interface control program was written in LabVIEW 

7.1 for Windows using the DAQmx functionality (Figure 3).  This figure shows an 
intermediate programming step in which the most important factor was proper 
functionality of the master hardware.  The x-y position of the endpoint is stored in a 
collector and the output is displayed in a graph.  The DAQ card reads two counts from 
the encoders on the manipulator, translates the counts into an angle, translates those two 
angles into an x-y position, and charts that position.  The chart in this image shows the 
limits of the motion of the manipulator and shows some interior motion in free space.  
This early version of the control program also reads force from an ATI force sensor and 
translates that into a global x-y coordinate frame.  Finally the program allows interaction 
with the 3 brakes on the manipulator.  Previous experiments from IMDL were limited by 
the computing power, prompting a move to more capable systems such as equipment 
from National Instruments.  The final results of the haptics teleoperation will be reported 
in a later paper.   
 



 
 
 
Figure 3:  Front panel of the Master haptic interface control LabVIEW VI.  The program 
reads the encoders, translates their angles into an x-y position, reads the analog force 
sensors, translates their x-y data into a global x-y coordinate system, commands forces to 
the 4 analog output brake channels, and provides a button to print the graph. 

 
 
Once the basic functionality of the master was achieved (reading position and 

force, translating those values into a global x-y coordinate system, and outputting a 
control signal to the brakes), the next step was to extend the research and use the master 
to control a slave device.  A linear motor was chosen for the slave due to its simplicity 
(Figure 4 and Figure 5).      

 



 
Figure 4: Master/Slave haptic system setup and control systems. 
�

 
Figure 5:  The master, the linear motor (slave device) and the computer interface of the 
program running the master device. 

 
 
Implementation of the slave device follows typical operation of a motor and 

includes a voltage input to produce a velocity output.  The position is read using a very 
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high-resolution linear encoder.  A PID controller is implemented in LabVIEW RT and 
runs on the PXI-8145 controller using a PXI-6070E multi-function data acquisition card 
for I/O.  The setpoint for the controller is provided by the x-position of the master and 
communicated to the slave controller via UDP.  The UDP communication code was 
automatically generated using the RT Communication Wizard and later optimized by 
hand. 

 The focus of haptic teleoperation is to provide force feedback to the user through 
the master to replicate either actual forces experienced by the slave or virtual forces 
calculated by the control system.  The virtual forces can be used to alert the user to 
workspace constraints of the slave to guide the user in pre-defined directions.   
Prior research at the Georgia Tech IMDL implemented master device feedback.  This is 
further extended with an algorithm guiding the user to follow the path of the linear motor.  
A line is drawn within the workspace of the master that represents the workspace of the 
linear motor (a straight 1-dimensional line scaled to fit in the 2-dimensional workspace of 
the haptic master).  With the haptic control turned on, the user is guided to follow a 
straight line back and forth as the linear motor follows the user’s motion.  Currently, a 
very simple version of path following has been applied to provide haptic feedback, but 
the early control algorithm isn’ t producing realistic feeling results.   
 
 
Future Work: 
 

The project objective is to investigate control problems induced by the use of a 
passive master used in conjunction with an energetically active slave.  With an active 
master, typical haptic feedback can transmit a force to the user based on the difference in 
the position of the master and the position of the slave.  This restoring force will cause 
the active haptic device to track the position of the slave device.  A passive haptic device 
cannot produce a similar restoring force; it can only resist the motion of the user.  This 
difference makes haptic teleoperation an interesting control problem.  Currently few 
people are studying this facet of haptics, and nearly any control algorithm will represent 
progress in the field.  The next step is to investigate methods of providing feedback to the 
user. 

Two basic types of feedback exist for teleoperated haptic systems that do not have 
force back as a measured quantity from the remote device.  In the first set of solutions, 
the master system uses a model of the remote system to calculate virtual forces to be fed 
back to the user.  The second group of solutions uses virtual coupling between the master 
and the slave to calculate forces to be fed back.  With a passive master system, 
implementation of direct virtual coupling will be very difficult since forces can only be 
applied to the user to oppose motion.  Ideally, the final solution in this research will 
involve a combination of the two approaches to produce feedback. 

Outside of the control algorithm, we are further investigating streamlining the 
current code.  To do that, the Execution Trace Toolkit from National Instruments will be 
used to look at the thread execution times to see what portions of the code need the most 
attention.  Currently the control and communication of the master run at 100Hz loop 
rates.  A loop rate of 500Hz is the goal.  Further hardware investigations will lead to a 
decision on an active slave that has two degrees of freedom (DOF).  While the 1 DOF 



linear motor provides a good starting point for research, a more interesting set of 
problems will arise in implementing control in a system where the DOFs of the master 
matches the DOFs of the slave.  Finally, the newly released LabVIEW System 
Identification, Control Design, and Simulation tools will be used in the later stages of 
research for system modeling and controller design.  
 
 
Conclusions 
 

The current work demonstrates a great deal of progress in the field of passive 
haptic teleoperation.  The current NI hardware and software setup has allowed for rapidly 
prototyping algorithms and production of very early results.  The central issue of the 
research is currently and will continue to be how to produce realistic feedback to the 
human user from the slave using only brakes.  Looking at prior haptic and passive 
research, it seems evident that the best way to proceed will be a combination of direct 
feedback and local modeling of the remote system, and future work will head in this 
direction. 

 
 
 
 


