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Abstract—For decades, insects have been a valuable source
of inspiration for mechanical and control designs of legged
robots. Anatomical and behavioral studies of insects such as
cockroaches, stick insects and locusts have inspired the
development of many robots. However, their control systems
had to be engineered based upon behavioral studies and control
hypotheses rather than neurobiology. Recent insect
neurobiological discoveries now make it possible to control the
legs of robots with a network found to control the legs of stick
insects. In previous work this network we have dubbed
SCASM (Sensory-Coupled Action Switching Modules) was
shown coordinating the joints of a robot leg and adapting its
normal leg cycle to irregularities in the terrain. We also showed
that the SCASM network can be implemented effectively on a
simple micro-controller with little computational power. This
video describes additional sensory connections that, when
added to SCASM, generate elevator and searching reflexes. We
also show for the first time an autonomous hexapod robot
walking over irregular terrain using a SCASM network to
control each of its six legs and a Cruse type network to control
its gait using only on-board, simple micro-controllers.

I. INTRODUCTION

NSECTS have influenced the designs and controlled

behaviors of hexapod robots in various degrees for

decades. Many robots have been designed with a generic
insect configuration while others are more strongly
influenced by an insect’s morphology such as TUM [13], a
stick insect robot, and Robot III [12], a cockroach robot.
The wealth of insect behavioral data has also been used to
great advantage. In fact, the well-known Cruse insect gait
generation network [4] is based upon decades of stick insect
behavioral experiments. However, the actual thoracic
circuits that coordinate legs and gaits were not known, thus
insect-inspired robot controllers have been engineered based
upon hypotheses about neurobiology, simple models and
behavioral studies. Brooks developed finite-state machines
to control Genghis [1] and Hannibal [8], Robot I [6] used a
Cruse gait controller and standard inverse kinematics for leg
control, Robot II [7], TUM [13], the Lauron series [9],
Scorpion [3], and BILL-Ant-p [10] could walk on irregular
terrain with a similar system and the addition of a number of
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insect reflex behaviors. Even Walknet [15] used by the
Tarry series [2] is based more on stick insect behavioral
studies than neurobiology. There are many others robots too
numerous to mention in a brief paper that use engineered
controllers more or less inspired by behavioral studies.

As impressive as some of these robots have been shown
to be, they have two limitations. First, they are not as agile
as their insect models and second their control systems are
complex and require intensive numerical computations.
Typically, robots such as these have the ability to
dynamically sense their environment, alter their gait, and
navigate irregular terrain, but they require the computation
ability of a computer, which requires a great deal of battery
power to operate.
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BILL-Ant-a (Biologically-Inspired Legged Locomotion Ant-
Autonomous) walks autonomously on irregular terrain using SCASM
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Fortunately, many years of integrated neurobiological and
behavioral studies of stick insects have resulted in an elegant
intra-leg control network, which is both powerful and
computationally simple [5]. In previous work it was shown
that this network we have dubbed SCASM (Sensory
Coupled Action Switching Modules) can coordinate the
joints of a robot leg and modify the movement of the leg to
adapt its normal cycle to irregularities in the terrain [11, 14].
We have also shown that the SCASM network can be
implemented effectively on a simple micro-controller that is
multiple orders of magnitude less capable than modern
computers [11]. In this video we demonstrate that additional
sensory connections added to SCASM can generate elevator
and searching reflexes and descending commands from a
higher center can modulate SCASM to cause turning. We
also show that an autonomous hexapod robot, BILL-Ant-a
(Biologically-Inspired Legged Locomotion Ant —
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autonomous), can walk over irregular terrain while seeking
goals using a SCASM network to control each of its six legs
and a Cruse type network to control its gait — all
implemented on onboard simple micro-controllers (Fig. 1).

II. NARRATION

Insects are frequently used as the inspiration for legged
robot designs because of their ability to easily navigate
difficult and uneven terrain. However, giving robots the
ability to sense and react to their terrain can require large
amounts of computation ability. Large robots have enough
size to carry computers with them, but small, capable robots
typically have off-board control systems and can move quite
slowly. These factors can greatly limit their mobility.

A computationally simple leg joint control method
[SCASM] has been observed in stick insects that can be
easily implemented for use in small robots with low
computation capabilities. ~ This method determines the
direction and speed of each leg joint to develop an emergent
walking motion. Each joint’s direction is determined by
sharing sensory information with other joints in the leg.

Modifying the setpoints that determine when the joints
change direction and the muscle activation levels that
determine joint speeds can allow the foot path to move in
different directions. This provides the ability for the robot
to turn.

Here we see a two-legged test platform following a light
source. The left and right legs step to the left of their
forward paths by modifying the joint direction transition
setpoints and muscle activation levels. This causes the
platform to move to the left, toward the light source.

A computationally simple, speed-dependent emergent gait
method [BILL-LEGS] has also been developed to
coordinate movements between the legs. This allows a
continuum of gaits to form using trivial equations that can
be performed by small hexapod robots using rudimentary,
on-board microcontrollers instead of off-board computers.

By adding simple obstacle collision sensory paths to the
leg control method, an elevator reflex behavior can be
created that allows the robot to step over surmountable
obstructions. For this robot, obstacle detection has been
implemented by means of a contact switch near each foot.

Similarly, the addition of a joint angle sensing signal can
warn the robot of holes. This new sensory path allows the
robot to use a searching reflex to step beyond holes or gaps
and find solid terrain on the other side.

The control of each leg is handled by a low-computation-
capable microcontroller. These devices are connected to one
another so that they can share leg position and state
information in order for coordinated gaits to emerge. While

many orders of magnitude less capable than full computers,
these trivial microcontrollers allow this version of the robot
to move almost 8 times faster than its off-board computer-
controlled counterpart due to the lack of the communications
bottleneck in the control tether.

This research has shown that biologically-based intra- and
inter- leg coordination can be implemented with on-board,
low-computation-capable microcontrollers such that small,
legged robots can have a high level of mobile autonomy,
while still possessing the dynamic walking ability necessary
to move toward goals while navigating uneven terrain.
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