


2

Finally, Mason et al have developed the “Mobipulator” [10]
for extensive study of desktop mobile manipulation, but this
robot possesses only differential drive wheels and no limbs
for dextrous manipulation.

Visual servoing, on the other hand, has been extensively
researched in the robotics literature for tracking and control
[17][18][19][20]. Here, we use visual servoing as a tool to
extract information of interest on terrain conditions.

  TARGET APPLICATIONS
The Scout robot has reconfigurable payloads and both

roll ing and hopping modes of locomotion, so it is quite
capable. Rolli ng is fairly power eff icient and hopping
enables it to overcome obstacles, which are common for a
robot only 40 mm tall . Unfortunately, while the hopping is
required for practical mobili ty, it is rather time and power
inefficient due to the inefficiency of the winch mechanism.
Navigational certainty is also very low for hopping. The
distance and direction of travel is poorly known and
orientation in the plane upon landing is completely random.

Its small size and stealth are useful for military and
civili an uses. Equipped with a camera or microphone Scouts
could be used in search-and-rescue operations following
natural disasters (e.g. earthquakes) or terrorist actions (e.g.
Oklahoma City bombing). There is also potential interest
from civil ian SWAT teams in hostage situations and police
standoffs. These are natural milit ary uses, as well,
particularly in urban warfare environments that involve
civili ans. Surveillance robots of this size could be carried
and deployed by warfighters, keeping the warfighters out of
the line of fire and minimizing the risk of civili an casualties
in the “heat of the moment.” 

While the Scouts’ dual locomotion modes are necessary
to achieve many of these missions in real environments,
there are concerns they may be inadequate for particular
scenarios, hence the investigation of the TerminatorBot as an
alternate design. For example, mesoscale robots would be
most useful in search-and-rescue operations in which the
damage is too severe and constricting to send in dogs (which
arguably will be superior to robots in sensing for the near
future). But large amounts of rubble within extremely
cramped spaces may thwart both locomotion modes of the
Scouts (too much rubble to roll , too litt le headroom to hop -
see Figure 1). A crawling robot such as TerminatorBot could
fill t his niche in which available headroom is, on average,
just a few times the rubble size.

In surveillance tasks, it is desirable for the robot to
conceal itself. The Scouts will only be able to make use of
existing open spaces such as underneath furniture. A robot
with manipulators could actually pull objects over itself,
creating its own cover and enhancing its stealth. A
miniature, telescoping pan/tilt unit has been developed to
facilitate such stealthy surveill ance, too [11].

The idea of many small robots amassing a useful charge
from small , insignificant explosives has been suggested by
researchers in a number of scenarios. The main problem
with this idea is that the eff iciency of explosives is highly
dependent on their placement. A bunch of mobile robots
with no abilit y to manipulate would amass a rather
inefficient bomb. Just one or two robots with the abilit y to
locomote and manipulate could carefully place the charges,
demanding many fewer trips to achieve a given objective.

Finally, in many of these scenarios, the abili ty to dig or
burrow in light soils is beneficial. This could provide
camouflage during surveillance, additional access during
search-and-rescue, and an alternate detonation means during
de-mining operations.

  LOCOMOTION GAITS AND MECHANISM DESIGN
The mechanism and design rationale that led to the

TerminatorBot, as well as example novel locomotion gaits,
are described in [15] and [16]. In brief, the robot consists of
two 3-degree-of-freedom (DoF) arms that can fully stow
inside the 75mm diameter body. The tips of the arms are
claw-shaped and allow the robot to drag itself along the
ground using a variety of gaits. 

This paper focuses on one gait: the “swimming” gait. In
this gait, the robot reaches forward with both arms, li fts the
body, and then pulls itself forward by pushing back on the
ground below (Figures 2 and 3). The swimming gait is so
named because of its similarity to two-armed swimming
strokes (the butterfly, for example). This gait is used for the

Figure 1: TerminatorBot in mock search-and-rescue 
scenario. (Robo t was joint-level teleoperated for this 

photo.)


