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Abstract

The Flight Telerobotic Servicer (FTS) Project is developing an
advanced telerobotic system to assist in and reduce crew
extravehicular activity (EVA) for Space Station Freedom. The
FTS will provide a telerobotics capability to the Freedom
Station in the early assembly phases of the program and will be
employed for assembly, maintenance, servicing, and inspection
throughout the 1ifetime of Freedom Station. The FTS will also
be capable of operation on the Orbital Maneuvering Vehicle (OMV)
for remote servicing activities. A planned evolution of the FTS
capabilities will take place over time with technology transfer
between U.S. industry, universities, and other Government
agencies as an integral part of the program.

The FTS technical challenge is the development and integration
of a spaceflight quality system with both teleoperation and
autonomous capabilities. The system must be safe and operate
reliably in the space environment. The technical output of the
FTS development process will not primarily come from the
development of new sensors, manipulator actuator mechanisms or
other robotic components. The state of the art in these
components is already highly sophisticated. The major
contribution of the FTS to the advancement of the state of the
art will come from the integration of these components into an
operational system which meets the broad spectrum of Space
Station Freedom requirements. This paper will provide
background and rationale leading to the desired FTS telerobotic
capabilities and then describe some of the specific technical
requirements to which the FTS must be designed in order to meet
these goals as well as operate effectively in the space
environment.

1.0 Introduction

Robotic technology must make major advances beyond ﬁ:w current

state of the art to even approach human capabilities in areas
such as vision processing and task planning. In acknowledgment
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reference models, machine vision and image analysis capabilities
with the capability to recognize objects in ambiguous lighting.
(3) The robot must have the ability to relate observations to
models to confirm that a scene is consistent with expectations.
(4) Each action that the robot takes will require a success

on criteria and alternate sequences in case of

confirmati
failure,.

4.0 Telerobotic Systems

A telerobotic system is a hybrid of a teleoperated and robotic
system. The human operator is currently required to perform the
advanced autonomous control activities discussed above such as
image interpretation and planning. Current robotic systems are
capable of performing tasks of lesser scope autonomously when
such tasks can be well defined and reasonably well structured.

A telerobotic system must be designed so that the operator can
do what he does best and the robot can do what it does best. As
the autonomous capabilities of the system jncrease,the human can
retract into more supervisory roles. This is the approach that
is being followed in the development of the FTS.

As discussed, existing teleoperated and autonomous systems were
designed to quite different sets of requirements for quite
different applications. The FTS system design must encompass the
capabilities of these currently existing teleoperated and
robotic systems. In addition, the FTS system design must bridge
a substantial gap between these two types of systems. In order
for the FTS system to be telerobotic and be capable of evolution
toward more autonomous operations it must have the following
attributes: (1) it must support sophisticated teleoperation
including features such as bilateral force reflection, (2) it
must have the mechanical and computational capabilities for
autonomous control, (3) it must allow easy blending of
teleoperated and autonomous modes, and (4) it must have
designed-in capabilities for evolution., Of particular importance
here is that the system have a well structured control
architecture which encompasses future needs. To fulfill this
last requirement the FTS has adopted the NASA/NBS Standard
Reference Model for Telerobot Control System Architecture
(NASREM) [11].

5.0 FTS Design Requirements

The following paragraphs highlight some of the specific design
requirements that have been imposed on the development of the
FTS to ensure that it has the telerobotic capabilities discussed

above., [2]
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5.1 Two, 7 Degree-of-Freedom Manipulator Arms

The FTS will have two, 7 degree-of-freedom, manipulator arms.
Only six degrees of freedom are required to establish the
position of the end effector in space. The seventh degree of
freedom allows placement of the elbow as well as the end
effector providing the capability to reach around obstacles in
the workspace. The seventh degree of freedom also provides
additional capability for smoother control through the avoidance
of manipulator singularities. Each FTS manipulator arm will
have a repeatability of 0.005 inch in position and +/-0.05
degree in orientation. The required repeatability will enable
the FTS to be programmed to perform simple repetitive actions
autonomously.

5.2 Teleoperation

The FTS will be capable of operating with and without bilateral
force reflection. The FTS will also provide the capability for
resolved rate control of the manipulators and the control of
individual joints.

5.3 Shared Control

The FTS will be capable of shared control in which the operator
control motion in one or more coordinate axes, and the telerobot
autonomously controls the motion in the other axes. This will
include active compliant control. (Active compliant control
means that the compliance of the robot, when it contacts the
environment, is controlled by sensing forces and torques and
reacting to them in an active control loop. This removes the

need for the robot to be mechanically compliant in its design as
required by current teleoperated systems.)

5.4 Dual-arm Coordinated Control

The FTS will be capable of dual-arm coordinated control of a
grasped object using a single hand controller. This is a
"semi-autonomous" capability which controls both manipulator
arms in a coordinated fashion so that the operator need only
concern himself with the motion of the grasped object.

5.5 Supervised Autonomous Control

The FTS will be capable of supervised autonomous execution of
selected operations, such as those that are required frequently.
Any autonomous task activity will be functionally assumable in
real-time by teleoperation. The FTS will provide the capability
for smooth and coordinated transfer between teleoperated and
autonomous modes as a routine operation,
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5.6 Camera and Lighting System

The FTS will have a vision subsystem that will include at least
four video cameras, one on or near the wrist of each manipulator
and two positionable cameras for task specific worksite viewing.
The vision subsystem will also include lighting of controllable
intensity adequate for task viewing. The vision subsystem will
provide the capability for the remote control of positioning,
orientation, zoom, focus and aperture of each camera. The
capabilities of the vision subsystem are intended to support

teleoperation. However, the same system is intended to support
machine vision as these capabilities are added to the FTS.

5.7 MWorkstation and Hand Controllers

The FTS workstation will provide the capability for one person
to control and monitor the telerobot in all of its teleoperated
and autonomous control modes. The workstation will contain
video monitors connected to the vision subsystem which allow the
operator to control the telerobot without direct viewing. The
workstation will contain two independent hand controllers for
simultaneous control of the two telerobot manipulator arms. The
workstation will provide control methods for the vision
subsystem such that the operator can control the cameras and
lighting while his or her hands are both engaged in manipulator
teleoperation.

The FTS handcontrollers will be configured to provide the
operator with easy access to the full envelope of the
manipulators' range of motion. They will accommodate position
control of the manipulators with and without bilateral force
reflection including operation of the end effectors. The hand
controllers will also be configurable to accommodate rate
control of the manipulators and operation of the end effectors.

5.8 Control Architecture, Computers and Software

There are three architectures associated with the control of the
FTS system; the functional architecture, the software
architecture and the computer architecture.

The functional architecture, NASREM, (see reference [1]) defines
the functional elements and basic structure of the system., It
defines interfaces for system modularization and provides
structure for interleaving of teleoperation and autonomous
control. The NASREM architecture provides common reference
terminology for sub-elements of the FTS control system and will
provide interface definition between these sub-elements.
Therefore, integration of sub-elements from different
organizations and vendors is possible. This will be
particularly important to the future evolution of the FTS.
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design, integration and operation of a telerobotic system of
this complexity will represent an important advance in the state
of the art in the field of robotics.
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