


Accordingly we set off to inspect the DARPA legged robot in Columbus,
Ohio. Some massive engineering brute force made the task look easy. It was
~ not.
Robug I's body was shaped rather like a coffin. Inside it, six single-board
BBC Micros (the embedded processor of choice at that time) provided the
computing power, one for each leg. It is interesting to compare the sizes of trial
legs of Robug and DARPA. Their budgets were equally disproportionate.

Figure 2. Legs of different sizes, DARPA and Robug I

Since it must be self-powered, it was intended that pneumatic power should
eventually be provided by an explosive gas generator and an accumulator.
Pneumatic actuation would also give the compliance that would allow the load to
be shared evenly between the legs.

Much was learmed from Robug I. Compliance and stability are uneasy
bedfellows. Without an inertial sensor, Robug's early steps were somewhat
faltering. We also learned how easy it is to underestimate the load each leg
would have to bear, not only from movement of the centre of gravity but also
from inertial forces.

In those days, before mechatronics became recognised as an integrated
discipline, we discovered a fault of human nature. During some holidays, the
project’s programmer had been left in charge of the machine. We returned, to be
told that the time had been spent writing a wonderful new algorithm that
identified dynamic errors in one of the angle sensors and adaptively
compensating for them. Arthur showed great restraint in the way he told the



young lady in question that using an Allen key to tighten the sensor's grubscrew
would have been an altogether better solution.

3. Robugll

In 1988, another grant allowed the work to continue. Armed with plenty of
hindsight, we aimed for low weight. To improve stability, the robot followed an
insect-based scheme with its knees higher than its centre of gravity. Wall-
climbing looks more dramatic than walking, but it allows stability to be
simplified even further. A "Shufflebottom" version with two arms/legs with
pneumatic grippers, mounted on a base with two more suckers, showed that the
principle worked. Another two legs were added to make the full Robug II.

Figure 3. Shufflebottom and Robug I

With 'belly suckers' augmenting the legs, a strange but safe gait was
possible. Each foot was released and advanced in turn, then the body was
released and heaved forwards. Strategies of exploring for a safe foothold
impressed the viewers of BBC Television's "Tomorrow's World'.

1gure 4: Rbug I on ‘orrw's World" and climbing on building



We then wanted to make a transition from floor to wall, or from wall to
ceiling, so the body gained a hinge so that the front part could rear up. Bing
Lam Luk joined the project and took the software in a new direction.

4. Zig-Zag

A single pneumatic cylinder flexes a square jointed frame to become a rhombus.
Four suckers at the corners hold it to a wall. The grippers on one side are
released, the shape is flexed and Zig-zag has taken a step. Arthur boasted this as
the simplest form of walking robot. However it has the disadvantage that the
unattached corners merely 'flop' against the wall and it cannot operate on an
overhang. Nevertheless in 1990 Arthur and Bing were proud to take it to the
first Robot Olympics, where it won its event on a high vertical wall.

Figure 5. Zig-zag with Arthur and Bing at the 1990 Robot Olympics

5. Hydra

By now 1 had made my escape to Australia. I had an idea for a simple walker
that could make the transition from floor to wall. It had just two large suction
feet and one joint. It would stand doubled over, like an athlete gripping his



