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Where I’m coming from

I’ve worked on over a dozen different robot systems
whose software control architecture ranged from non-
existent [4] to ponderous [2]. For the past many years,
I along with several others, have been developing a
layered architecture that joins reactive control with
more traditional symbolic reasoning [6]. I believe
that this architecture is the right way to go to create
physical agents that can carry out a large variety of
complex tasks in realistic environments.

However, despite numerous publications with titles
like An Implemented Architecture..., many of them co-
authored by myself, the actual experience with robots
using these layered architectures where the full system
has been implemented on a physical robot has been
extremely limited. Therefore the conclusions that
can be gained for these experiences are, at this time,
limited. Several of the other attendees are talking
about these systems, and will cover them in detail.
The previews of their submissions that I have seen, I
in large part agree with, and therefore it seems that no
purpose will be served by my adding yet another set
of opinions based on such a small set of results.

Fortunately, I believe there is a large class of
problems that can be solved using physical agents
that does not demand the versatility and cognitive
capabilities we all hope to demonstrate using the
symbolic to reactive layered architecture. These
problems are simpler and better specified than the
vague problem specifications one would give to Rosie
the Robot or Lt. Cmdr. Data. Examples of the type of
simpler problem I’m talking about would be keeping
house floors clean, inspecting the space station, or
delivering parts on the factory floor. I will refer to
this class of tasks as niche tasks, and the robots that
can solve these tasks as niche robots.

Once again, niche robots are not the ultimate solu-
tion to intelligent robots. By their very definition their
scope of applicability is limited. However, I and many
other researchers have had considerable experience
designing, building and testing niche robots. Therefore
this experience can be more confidently codified, and
the workshop questions more accurately answered with

regard to these types of robots.
While this at first might appear appear to be that

of the drunk looking for his dropped keys under the
lamp post - because the lighting is better, I believe the
situation is a little better in this case. In many ways
the layered robots people are proposing and starting
build resemble a colony of niche robots. While these
more complex robots still have a single mechanical
instantiation, the whole philosophy behind the strate-
gic, and in some cases sequencing layers is to switch
between different sets of reactive behaviors. Each of
these behavior sets represents to some extent a niche
robot - a set of robust behaviors for accomplishing a
task over a narrow domain. By better understanding
the capabilities and limits of niche robots, we may
better learn how to build truly intelligent agents. But
while related evolutionarily, niche robots and layered
robots are different species. As with all cross-species
studies, conclusions based on experiments with one
species should be transferred to another species only
with the greatest of caution.

The Niche Robot Architecture
Niche robots, as the term is used in this paper, have
three defining characteristics:

1. The robots can robustly handle their assigned task
in the face of normal exceptions for that domain

2. To accomplish a task outside of the domain the robot
will normally require software and possibly hardware
changes

3. The robots have no internal representation of what
they are doing beyond a simple script with state
variables.

Semantically, niche robots are programmed by
having a set of condition-~,action rules, all of which
are checked in particular order. The conditions consist
of a logical statement of conditions on sensor values
and state variables. The actions are simple constant
time transfer functions performed on effector settings
or state variables.

Conceptually, some condition-/,action rules are more
basic than others. In a task with distinct scenes (e.g.,
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Figure 1: Control Architecture for Niche Robots

the space station inspection task involves moving to
the inspection site, inspecting the site, and returning
to base; all three activities may involve substantially
distinct sets of behaviors) then the rules that discrimi-
nate between scenes are often brought out and used to
sequence between scenes. Though their role may differ,
they are still condition-Laction rules still relying on the
same kind of data for input and yielding the same kind
of output (though more often than not sequencing rules
change state variable rather than effector states).

Syntactically, niche robots can be implemented in
almost any programming language under almost any
operating system. A multi-tasking system is nice but
unnecessary, as is a real-time system. Specialized
languages such as Subsumption or IC can be used
- easing some parts of the coding, but complicating
others.

Graphically, the niche robot architecture is present-
ed in Figure 1. It is not necessary in implementation
to separate out the rules for the sequencer from the
execution loop performing the rules in the reactive
section. As we will see in in some cases such separation
can cause problems.

Some Example Niche Robots
Below are a few examples of niche robots. Many
of these robots have been classified as niche robots
retroactively. But in all cases there architecture follows
that of the niche robot (though in some cases the
sequencing rules were not explicitly separated out from
the reactive behavior rules.

Rocky III

Rocky III was a prototype Mars micro-rover upon
which the current Pathfinder Rover Mission is loosely

based [5]. Rocky III had some simple obstacle
avoidance and location seeking behaviors (locations
were identified either by beacons or by dead-reckoning
X-Y coordinates). Rocky III was also equipped
with a behavior controlled manipulator with which
it could gather soil samples. A typical mission was
broken down into four scenes: going to sampling site,
gathering a sample, returning to base and depositing
the sample. The rules for switching between scenes
were written in the same language as the behaviors
(ALFA [3], but were brought out under a single
programming structure for clarity.

Fuddbot
Fuddbot is a small robot whose purpose is to vacuum
dustbunnies along the edges of uncarpeted floors. The
robot has sensors for following walls and avoiding
obstacles. It carries a small cordless vacuum. It
switches between scenes of vacuuming the floor and
returning to its base.

Robotic wheelchair

This application uses a computer-controlled wheelchair
outfitted with a variety of proximity and range sensors
[7]. The groups of behaviors are activated by pressing
a particular button. This allows the user to turn on
hall following skills (for example) at the touch of 
single button, greatly reducing the required interaction
normally needed for a person to guide an electric
wheelchair.

Lore
Lore is a RWI B21 base with a sonar ring and a color
camera. The robot uses two processors, one to do color
blob tracking, and the other for the rest of the robot’s
behaviors. The image processor returns positions (in
the image plane) of up to three different colored objects
[8]. The robot performs following tasks (while avoiding
obstacles using sonar) and automated docking.

Questions &: Answers
Coordination
A niche robot’s behaviors must be coordinated some-
how. While it is not necessary to centralize these
coordinating functions (which are really just other
behaviors that manipulate state variables, it is usually
clearer and cleaner to do so. This is most important
when the robot must perform context switching.

While the scope of a niche robot is narrow, there may
still be multiple contexts under which it should be able
to function. Often, the current context is easily and
continuously sensible (e.g., whether the room is light
or dark) but other times there are momentary events,
often performed by the robot itself which indicate a
change of context (e.g., a trash emptying robot which
has just emptied the waste basket in the room). With
the trash robot, it is highly undesirable for the robot
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to empty the basket, set it down, start to move away
and then notice that there is a basket in the room,
go pick it up, empty it, put it down, start to move
away... In such a case once the robot has emptied
the basket it should switch contexts, to that of leaving
the room. The behaviors for approaching a basket and
emptying it should be activated when entering a room,
and should be deactivated once the basket is emptied.

Interfaces
Most niche robots cannot and should not be making
use of human expertise. Most niche robot tasks are
simple and can be performed using simple behaviors
rather than reasoning and expertise. There are
however a few exceptions. It is possible for a niche
robot, because of its extremely sparse world outlook,
to get caught in a cycle. Usually the world’s dynamic
unpredictability will eventually alter the state of the
world sufficiently to break the cycle. But just as one
will usually help out a dog caught in a loop and chasing
its tail, before it collapses in exhaustion (even if the
help is simply yelling to break the dog’s concentration),
it might be desirable to have a panic button or similar
interface that will allow a robot to break its current
cycle by altering temporarily its active behaviors.

Some niche robots (such as a robotic wheelchair [7])
function completely by their interface to a human.
In this particular case the human interface is either
as the sequencer (setting state variables to help the
robot switch contexts) or by allowing the human to
enter virtual sensor data, biasing the behaviors. The
wheelchair’s cited use both methods and use a joystick
to enter the biases and buttons to switch contexts.

Representation
Brooks [1] has argued eloquently for a minimization
of internal representation and state. The main thrust
of his argument is that the world is its own best
model and that any internal models are bound to be
inaccurate, incomplete and out of date.

Niche robots are close to the robots Brooks had in
mind when he espoused this point of view. Indeed
niche robots have little use for representation of their
internal skills or physical structure. There is little they
could do with such knowledge. However, niche robots
make extensive use of internal state in two ways:

1. Niche robots use state variables to switch context
and to activate/deactivate the behaviors need to
switch modes to properly behave in the current
context

2. We have found through experimentation, especially
when trying to make the transformation from niche
robot to fully layered robot [6] that in some cases
out of date data is better than continuously updated
data.

This last point deserves some further discussion. All
sensors contain some noise, and sensor data that can

cause mode switches needs to be filtered. This filtering
process is a form of internal state, and can keep the
robot from spuriously switching modes - which can
greatly impede performance.

More subtle is when sensor data switches before
the whole rule set has executed. Depending on how
cautiously rules have been written, it is often quite
reasonable for the same sensor data to be accessed
multiple times in a set of nested rules. If that data
changes between one check and the next, unexpected
behavior can result. This is usually not important if
data and behavior are being rapidly updated. But
if the behavior is part of the sequencing layer than
the wrong mode can be entered, and as sequencing
becomes more complex and reaches higher levels
of abstraction, the consequences of intra-rule data
changes can become quite significant.

Both these problems are easily eliminated by having
a loop that records all sensor data into state variables.
These variables are only updated once all the active
rules have had a chance to fire. In niche robots this will
not impede performance, since the update rate should
not be significantly slowed. As niche robots are evolved
into layered control robots, this practice will eliminate
several insidious bugs.

Structural

Most niche robots do not put high demands on their
computational system. Our experiments with full
layered architectures have shown that the real-time
reactive level, while requiring the highest duty cycle
have much lower computational demands then the
other symbolic levels.

Despite these relatively low computational demands
there are cases where it is beneficial to have multiple
and/or specialized processors. The key factor that
determines whether it is beneficial (at least from 
computation point of view) is if the data being passed
back and forth between processors is much less than
the data being processed on each of the processors.
In other words, if you find that you are passing
full resolution bit-map images between processors, it
might be worthwhile to explore upgrading the main
processor so that it can handle the behaviors and the
image processing. If you have one processor that is
controlling the camera head behaviors and doing image
processing and is passing directional vector to the
mobility behavior processor, then multiple processors
might be the right thing.

Because of the problems discussed , there is no
reason to update the sensor data faster than the robot
can process the rules. But in domains where very
fast reaction is necessary and behavior are pretty
independent, dividing the rules among processors, and
putting the sensing update on a separate processor(s)
can be effective. But in this case careful timing
coordination among the processors may be needed.
This coordination can be done by a simple set of flags
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in shared memory that indicate when that processors
loop has completed an iteration.

Performance

Niche robots are in a better situation for performance
evaluation than most of their symbolically dominated
counterparts. The maximum time for the service loop
to execute is easily calculable. There is no backward
chaining and each rule will execute in constant time.
The only question is what is the maximum set of rules
that will execute in a single iteration. By freezing data
in state variables (as discussed in ) this may easily 
calculated. Thus real-time performance can easily be
guaranteed in niche robots.

Because the scope of the domain is reasonably
limited for niche robots, performance guarantees can
also be given, using trial runs and standard statistical
analysis. Failure free performance is almost certainly
an impossibility, because things will go wrong, and
the niche robot’s ability to adapt is by definition
limited. But statistical analysis can be reliable and
useful anecdotal evaluation can also be made for any
given fixed test range.

Psychology

Anthropomorphic niche robots are an abomination. If
a niche robot is capable of handling a given task then
it is a moral imperative upon roboticists everywhere to
make sure that no human need do that same task.

Niche robots perform tasks that require the flexibil-
ity of mind of a trained cockroach. There are cases
where the mechanical system may resemble a human
end-effector -- because the tools currently available
for performing this task are designed for humans. But
this should be a temporary situation. If a niche robot
can do the task, the generalized end-effector such as a
human hand, is an unnecessary expense. Specialized
tools should be developed that make the task cheaper
and easier to automate.

Psychology does not enter into a discussion of niche
robots except for the psychology of sales.

Simulation
Niche robots are less amenable to simulation than
are other more symbolically controlled robots. This
is because the behavior of the niche robot is almost
totally driven by its sensor and effector interaction with
the physical world. While credible simulations may
be possible using advanced techniques, they almost
certainly will be more expensive and time consuming
to produce then building a prototype robot and a test
environment.

In special cases (such as Space Station inspection)
a software simulator may be more cost effective then
the real thing and more accurate than a physical
simulation. But those cases will probably be rare for
a few more years (until video games drive simulation
technology a bit further).

Learning
The Niche robot architecture does not support learning
directly. There simply is not adequate internal
representation to record responses to event and the
event context.

Niche robots to inspire learning in their creators and
programmers. Recording time-stamped rule firings
along with a video of the robot’s performance can be
quite informative. Seemingly bizarre and or complex
behaviors become easily explained as unexpected rule
interactions. By using the niche architecture with
its simple sequencing rules (rather than a flat set of
behavior rules) it is usually easy to fix such interactions
by adding a new context rule.

Conclusions
The niche robot architecture is a simple and powerful
architecture that has been repeatedly discovered by
numerous robotics researchers. Its two levels of ab-
straction and rule coordination through state variables
allows it to produce robots that, in their limited
domain, perform very well and give the perception of
advanced cognition.

This author has argued at length that niche robots
are the key to the robotics field’s ultimate financial,
and consequently intellectual, success. Niche robots
are easy to produce. They have limited scope (so
everyone needs lots of them), they do tasks that most
people would prefer not to do, and they are the
evolutionary basis for more capable adaptable robot
systems.
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