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Abstract

The hypercollaborative human-machine interaction is
characterized by its hypercollaborative nature. Unlike con-
ventional teleoperation, in a hypercollaborative human-
machine interaction environment, mechatronic systems at
a distant location can be controlled remotely by differ-
ent people thousands of miles away at different locations
through the multimedia/hypermedia user interface. A pro-
totype hypercollaborative human-machine interaction sys-
tem can be collaboratively controlled remotely from any
part of the world through web browsers on the World Wide
Web by linking to the Uniform Resource Locator address
http://iel.ucdavis.edu for a hypercollaborative labora-
tory. The system is integrated under the C¥ programming
paradigm.

1 Introduction

The hypercollaborative human-machine interaction (HHMI)
allows people at distant locations to use shared networks
for collaborative real-time remote and automated control of
mechatronic systems and instrumentations. It has numerous
applications. For example, (1) HHMI is important to the
infrastructure of manufacturing enterprise and agile man-
ufacturing. Machineries such as CNC manufacturing ma-
chines and industrial robot manipulators can be controlled
and their performance can be monitored remotely through
HHMI. (2) As more and more devices are put in space for
military, commercial, and exploration use, it becomes more
and more desirable for humans to perform sophisticated ma-
nipulation of mechatronic systems for maintenance, for po-
sition of sensors, for data acquisition, and for carrying out
scientific experiments in space entirely from the ground. It
is also desirable that devices in space can be collaboratively
manipulated and controlled remotely by people thousands of
miles away at different ground locations as if they were in the
remote unmanned space station, which will result in great
savings in dollars and risk to life. (3) There are a variety of
one-of-the-kind research facilities located in various national
laboratories. The HHMI can optimize the use of these scarce
facilities and enhance human collaboration. It allows rou-
tine and frequent participation of researchers in academia,
scientists in NASA and national laboratories, and key per-
sonnel in industry in planning and conducting experiments
in national labs, which otherwise require long-in-advance

flying and housing arrangements, and site safety and opera-
tional training, etc. (4) The HHMI can find its applications
in waste site clean-up and environment restoration. (5) The
HHMI can also find its applications in undersea exploration
and maintenance of offshore petroleum industrial facilities
from onshore sites. (6) The HHMI can be used for intelli-
gent highway maintenance and construction, especially for
repairing of highway damaged by natural disasters such as
landsliding. (7) The HHMI can also be used for under-
ground mining remotely from the surface, which will take
the worker away from the dangers of hazard minerals and
deep mines. (8) The HHMI is critical for remote experi-
mentation in distance learning. (9) An increasing number
of companies are opening branch offices in cyberspace on
the World Wide Web. The HHMI will allow customers in-
teractively selecting merchandise in cyberspace as if they
were shopping in a supermarket. (10) The HHMI can even
be used in our daily life. The consumer electronical devices
and household appliances can be controlled from offices at
work and networked computers anywhere in the world as
one is traveling.

2 Human-Machine Interface through
the World Wide Web

To collaboratively operate instrumentations remotely from
different parts of the world, a uniform user interface is
desired. We choose the World Wide Web for user inter-
face between machineries and collaborators because of its
world-wide popularity. A sample web page for human-
machine interface is shown in Figure 1. Using this hy-
permedia user interface, instructions for operation of ma-
chineries can be easily posted. For example, it is shown
in Figure 1 that in order to use graphical user interface
and monitor the performance remotely, the remote host
name iel.engr.ucdavis.edu in our Integration Engineer-
ing Laboratory shall be added to the access control list by
command xhost iel.engr.ucdavis.edu in the X-Window
system at the local host. Essentially, the hyperlink at the
human-machine user interface web page will be pointed to
the telnet resource for hypercollaborative human-machine
interaction. Each collaborator is assigned user account and
password. Alternatively, accessing to machineries can be
controlled by restricted access of web pages in a web server,
which, depending on implementation, can be more secure
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FIGURE 1: A web page for human-machine interface on the World Wide Web.

than using a password through telnet. For example, a web
page can be protected by password and network domain.
Restricted access of web pages by a network domain, which
denies access from computers outside an organization, is
useful for making the real-time manufacturing information
available throughout the entire organization.

3 Real-Time Unix Operating System
and Login Shell

Unlike conventional remote teleoperation where instrumen-
tations are controlled by an operator from a single site on
the ground [1, 2], hypercollaborative human-machine inter-
action involves many operators at distant locations. Dis-
tributed real-time computing is essential in hypercollabora-
tion. For openness of system [3], a real-time Unix operating
system is used in our prototype hypercollaborative human-
machine interaction system. A Unix operating system com-
pliance with POSIX 1003.1, 1003.4 and 1003.4a standards
will ensure real-time performance and the portability of the
developed code to a variety of popular platforms. Unix stan-

dards provide a reliable and well-known programming inter-
face [4]. TCP/IP and NFS enable many networking possi-
bilities based on ethernet. X-Window and Motif support al-
lows direct implementation of graphical user interfaces and
monitoring.

One of Unix’s most important components is its user in-
terface, or shell. Conventional Unix shells such as C shell [5],
Bourne shell [6], and Korn shell [7] are inadequate for hy-
percollaborative human-machine interaction. Therefore, CH
shell has been developed for user interface of real-time Unix.
CH shell is similar to C shell in handling of variables [8, 9].
However, unlike the so-called C shell, CH is designed to be
a superset of C [10, 11]. It is more convenient to program in
CH shell than in C shell or C language [12, 13]. Besides, CH
shell’s low-level features, retained from C, make the hard-
ware readily accessible to operators. CH shell can be used as
a login shell of the operating system. A system administra-
tor at the experimental site can restrict users by modifying
the system start-up files chshrc and chlogin as well as each
user’s local start-up file .chshrc and .chlogin. Even key-
words and system built-in variables can be removed by the
built-in function remkey(char *keyword) and remvar(char
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FIGURE 2: The graphical user interface for control a Puma 560
in joint space.

*variable), respectively, which is more flexible than other
conventional shells. Like other shells, a restricted version
of C¥ shell will be implemented in the future for more re-
stricted access of machineries.

4 Graphical User Interface and Remote
Monitoring

Mechatronic systems such as robot manipulators can be
controlled by C¥ programs or commands under C¥ shell.
For some tasks, it can be more conveniently done through
graphical user interface [2]. For example, each joint of a
Puma 560 with six degrees of freedom can be moved by the
graphical user interface shown in Figure 2. By dragging the
cursor on an axis shown in the computer screen, a joint of
the Puma 560 will move accordingly. We have developed a
set of graphical user interface utilities for hypercollaborative
human-machine interaction. In hypercollaborative human-
machine interaction, multiple collaborators will operate the
same mechatronic devices remotely. The priority and acces-
sibility of mechatronic devices are decided by mechatronic
device drivers. The permission of a mechatronic device can
be specified when it is opened by standard I/O function
open() and later controlled by I/O function ioctl() [9].
For example, multiple operators cannot drive a robot simul-
taneously.

On the other hand, some mechatronic devices can be
accessed simultaneously by multiple processes. For example,
the current position and velocity registers in a servo control
board can be read by multiple processes. We have developed
a set of utilities for performance monitoring. Figure 3 shows
the monitoring of the forces and torques at the end-effector
of a Puma, 560.

FIGURE 3: Monitoring forces and torques at the end-effector of
a Puma 560.

5 Experimentation

A prototype hypercollaborative human-machine interaction
system with multiple robots has been developed at the Inte-
gration Engineering Laboratory of UC Davis. The hardware
configuration of the experimental setup is shown in Figure 4.
We have retrofitted the Puma 560 controller in Figure 4.
The retrofitted robot controller consists of servo controller,
I/O and A/D interface boards from Delta Tau Data Sys-
tems, machine vision system from Datacube and Panasonic,
force/torque sensing system from JR3. The system is co-
ordinated by a CH shell under a real-time Unix operating
system LynxOS from Lynx Real-Time Systems running in a
VMEDbus based computer MVME167 from Motorola. There
are several computer workstations, X-terminals, and PCs in
the lab to drive robot manipulators hypercollaboratively by
multiple operators. We also demonstrated the hypercollabo-
rative concept by remotely control the system with multiple
collaborators at different parts of the world. Our hyper-
collaborative robotic system is just one of ever increasing
network devices on the information superhighway.

6 Conclusions

A hypercollaborative human-machine interaction through
the World Wide Web has been demonstrated by remotely
control mechatronic systems at the Integration Engineer-
ing Laboratory of UC Davis with multiple collaborators at
different parts of the world. We are fine-tuning this pro-
totype hypercollaborative experimental system. To achieve
location transparency for hypercollaboration, we are adding
multimedia communication among collaborators.
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FIGURE 4: A prototype hypercollaborative human-machine in-
teraction system.
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