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M at&d transfer robots first appeared in the mid-1960s for use in traditionaI industrial 

apphcations. By the 198Os, robots found use in mote demanding industrial applications 

such as welding, assembly, and inspection, with the help of vision and other sensors. It is 

estimated that 46,000 industrial robots have been installed in the U.S. Japan has six to 

eight times as many robots. 

While the industrial applications 
of robots will continue to grow, tech- 
nologies for new applications of ro- 
b&c systems are emerging. Robots 
have evolved from relatively simple 
programmable pick-and-place de- 
vices into a new generation of com- 
petent robot systems. Robotic sci- 
ences are becoming a discipline, and 
the investment in prior research has 
yielded a wide range of component 
technologies which are the founda- 
tion for the next generation of ro- 
botic systems. 

Naturally, the tield of robotics is 
vast-incorporating perception (sen- 
sors and transducers), cognition 
(computation, planning, and learn- 
ing), and manipulation (mechanisms, 
kinematics, dynamics, and control). 
Robotics applications are pervasive, 
encompassing manufacturing, trans- 
port, and exploration, to name just a 
few. A comprehensive description of 
interesting robotics technologies and 
applications would thus till many vol- 
umes. Here, we focus on three new 
areas which are under investigation 
at Carnegie-Mellon: autonomous 
mobile systems for outdoor and haz- 
ardous environments, robot-assisted 

shape deposition manufacturing, 
and microelectromechanical systems 
for medical and other applications. 

Outdoor MOblIe Robots 
Removing sensor-based robots from 
manufactured indoor environments, 
in which they have traditionally op- 
erated, and placing them in outdoor 
natural environments presents new 
challenges. Outdoor robots must 
negotiate rugged terrain, deal with 
objects of complex shape, and oper- 
ate with natural lighting conditions. 
It is difficult to structure a natural 
environment so that robots can easily 
interpret its surrounding. Instead, 
robotic systems must be developed 
which are robust in the given envi- 
ronment. Several examples are de- 
scribed: 

Vision-based autonomous 
driving. Development of autono- 
mous vision-guided vehicles has at- 
tracted much attention throughout 
the world, and significant progress 
has been made. Major activities in- 
clude the Advanced Research Project 
Agency’s Autonomous Land Vehicle 
(ALV) and the Unmanned Ground 

Vehicle (UCV) programs in the U.S., 
Eureka’s Prometheus project in Eu- 
rope, and MITl’s Personal Vehicle 
project in Japan. 

Autonomous driving requires all 
aspects of robotics: perception, plan- 
ning, mechanisms, computing, and 
integration. The Navlab, developed 
at Carnegie-Mellon University 
(CMU) is a representative system 
addressing all these aspects [15]. The 
Navlab I vehicle, shown in Figure 1, 
was built in 1986 to provide a test bed 
for vision and navigation experimen- 
tation. It is based on a standard com- 
mercial van, with a suite of onboard 
sensors including several video cam- 
eras, a scanning laser range tinder, a 
global positioning system, a” inertial 
navigation system, and sonar. It also 
carries multiple computer systems- 
currently four Sun 4 computers, as 
well as a massively parallel processor 
(MASPAR). Recently, a more capable 
test-bed vehicle, Navlah II, has been 
added, which is based on a HMMWV 
(high-mobility multipurpose wheeled 
vehicle) ambulance. 

The Navlab has demonstrated a 
range of capabilities for both on-road 
and off-road autonomous naviga- 




















