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(57) ABSTRACT 

A self-propelled robot is disclosed for movement over a 
surface to be treated. The robot has a power supply (11) and 
a pair of wheels (8,9) driven by motors (6,7) for moving the 
robot over the surface. A mechanism (113,115,16) is pro 
Vided for controllably depositing a fluent material on to the 
Surface. Navigation sensors (4,13,18,21) provide signals for 
enabling the robot to navigate over the Surface and one or 
more detectors (14,15,17) detect the presence of the material 
on the Surface and provide Signals indicative of its presence. 
A control system (100) receives the signals from the sensors 
and detectors and controls the motors and the depositing 
mechanism in dependence upon the Signals received from 
the Sensors and detectors. 
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ROBOTC SYSTEM 

0001. The present invention relates to robotic systems 
and, more particularly to a mobile robotic System capable of 
movement over a Surface and capable of treating the Surface. 
0002 Conventionally robotic systems, or robots, of this 
type may be described as Semi-autonomous, i.e. Self-pro 
pelling but relying for navigational guidance on transmitters, 
receivers and Sensors to establish a coordinate System by 
which the robot navigates, in effect learning the location of 
obstacles within its field of movement. More recently it has 
been proposed to allow a robot to move without establishing 
a coordinate System, instead relying on the Sensing of ad hoc 
Stimuli to enable the robot to navigate around obstacles. For 
example, it has been proposed to provide a robotic vacuum 
cleaner operating along these lines. Self-navigational robotic 
Systems of this type are referred to as autonomous robots. 

0003. However, robots of these types, often intended for 
operation in a domestic environment, need a control System 
which is capable of allowing the robot to move around its 
environment in Safety and therefore additionally need Some 
Sort of collision detection System which is capable of 
providing information on collisions or impending collisions 
to a control System capable of acting very quickly to prevent 
the collision or else to minimise the impact, and to perform 
collision avoidance by re-orienting the robot before further 
movement. Unfortunately, on-board processing power is 
inevitably limited by cost constraints in particular and 
therefore present Systems, to avoid be prohibitively expen 
Sive, have relatively limiting navigational abilities which 
result, in use, in the robot tracing a path which involves 
passing over the same areas of the Surface on plural occa 
sions. Whilst this may not be problematic in say a vacuum 
cleaner, if the robot has the function of treating the Surface 
in other ways, then Such redundant movement may result in 
over-treatment of the Surface which is not only wasteful of 
the product used for the treatment (a serious problem where 
the payload is restricted), but may also damage the Surface 
or otherwise actually be harmful. 

0004. The present invention is aimed at providing a 
Self-propelled robot which can overcome Such problems. 

0005 According to the present invention, there is pro 
vided a self-propelled robot for movement over a surface to 
be treated, the robot comprising 

0006) 
0007 a traction mechanism receiving power from 
the power Supply, for moving the robot over the 
Surface; 

0008 a mechanism for controllably depositing a 
fluent material on to the Surface; 

0009 a plurality of navigation sensors providing 
Signals for enabling the robot to navigate over the 
Surface; 

a power Supply; 

0010 one or more detectors adapted to detect the 
presence of the material on the Surface and provide 
Signals indicative thereof, and 

0011 a control system receiving the signals from the 
Sensors and detectors, for controlling the traction 
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mechanism and the depositing mechanism in depen 
dence upon the Signals received from the Sensors and 
detectors. 

0012. By detecting the application of the fluent material, 
which may be a liquid or gaseous fluid or else a flowable 
powder, the over-application of material can be avoided or 
minimised by either navigating the robot around areas 
already treated and/or by controlling the depositing mecha 
nism to Stop the deposit of material over Such previously 
treated areas. 

0013 Material for treatment is preferably contained 
within a reservoir on the robot and may comprise Suitable 
compositions for treatment of floors, carpets and other floor 
coverings. The robot may, if desired, also include means for 
cleaning the floor or floor covering prior to treatment, for 
example in the form of a vacuum cleaning device. 

0014. The invention also includes a method of treating a 
Surface using a robot as defined above. The treatment 
method may be used for various applications on carpets, and 
other floor coverings, Such as cleaning, protective treatment, 
for example for Stain and Soil protection, fire protection, UV 
protection, wear resistance, dust mite control, anti microbial 
treatment and the like, as well as treatment to provide an 
aesthetic benefit Such as odorization/deodorization. The 
treatment method may also find application on other Sur 
faces Such as Synthetic floor coverings, ceramics or wood. 
AS well as polishing hard Surfaces, the robot may also be 
used to apply coatings to either enhance aesthetics or to act 
as a protective layer. 

0015 Thus, according to a further aspect of the invention, 
there is provided a method for controllably depositing a 
fluent material on to floors, carpets and other floor coverings 
using an autonomous, Self propelled, deposition-Sensing 
robot. The material deposited may, for example, be a carpet 
cleaning composition, a hard Surface cleaning composition, 
or one of a number of compositions applied Simultaneously, 
or Successively, and may include a marker, the presence of 
which can be detected to provide detection of the extent of 
treatment material deposition. Such a marker may have a 
limited detection life, for example, 12, 24 or 48 hours. 

0016 Non-visible treatment may also be provided by the 
robot of the invention, for example, for odour control, 
antibacterial action of dust mite control. 

0017. The robot preferably comprises a plurality of navi 
gation Sensors providing Signals for enabling the robot to 
navigate over the Surface, and one or more detectors adapted 
to detect the presence of the material on the Surface and 
provide Signals indicative thereof. The navigation Sensors 
may include one or more collision Sensors and/or proximity 
Sensors. The collision Sensors may include one or more 
lateral displacement Sensors arranged on a peripheral Sensor 
ring to provide 360D collision detection, and/or one or more 
Vertical displacement Sensors. 
0018) Utilising a generally circular shape together with a 
control regime which Scans for the best direction of escape 
after the robot has become stuck (say in a corner) is 
especially advantageous. Furthermore, it may be addition 
ally advantageous to detect the angle of any collision, in 
order to optimise the robots Subsequent angle of movement 
away from the obstacle. 
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0019. The traction mechanism preferably includes left 
and right, coaxially disposed drive wheels with correspond 
ing drive motors which are preferably provided with pulse 
width modulated drive Signals. 
0020 For depositing material on the surface, an array of 
delivery ports, e.g. Spray nozzles, may extend generally 
parallel with the drive wheel axis, preferably extending to 
the same lateral extent as the deposition detectors. 
0021. The detectors may comprise one or more sensors 
arranged to detect the edge of a Section of previously 
deposited product. Suitable deposition detectors include one 
or more radiation Sources and/or detectors, moisture detec 
tors, reflectivity meters, conductivity meters etc. Detectors 
may be disposed laterally of the drive wheels, preferably 
forward thereof. 

0022. The robot further preferably comprises a control 
System for controlling deposition of the material dependent 
on the Signals received from the one or more detectors and 
Sensors. In preferred embodiments, the control System func 
tions to control deposition of the material (e.g. to avoid or 
minimise over-application) by a combination of Strategies 
comprising a) navigating the robot around previously-treated 
areas of the Surface (referred to herein as the navigation 
Strategy; and b) controlling the depositing mechanism to 
Stop or reduce the deposit of fluent material on to the Surface 
as the robot passes over Such previously-treated areas 
(referred to herein as the deposition rate control strategy). 
In practice, the control System arbitrates between the two 
Strategies depending on the Signals received from the navi 
gation Sensors and deposition detectors. The ability of the 
control System to arbitrate between the two Strategies, for 
example to make a rapid judgment on whether to croSS or 
navigate around previously-treated areas and whether to 
maintain, reduce or Stop deposition accordingly, is an impor 
tant feature for ensuring controlled deposition in the context 
of a fully autonomous robot designed to operate in the 
cluttered, unstructured and track-free environment typically 
found in domestic and institutional Situations. 

0023 Alternatively, the control system can be designed 
to control deposition purely following a deposition rate 
control Strategy, in other words, by controlling the deposit 
ing mechanism to Stop or reduce the deposit of fluent 
material on to the Surface as the robot passes over previ 
ously-treated areas. Of course, Systems depending purely on 
deposition rate control require less complicated electronics 
than the preferred combined-Strategy Systems described 
above. On the other hand, Single Strategy Systems can be leSS 
efficient in terms of the time required to complete the task in 
hand. 

0024 Preferably, the control system has a hierarchical 
architecture and includes one or more microprocessor con 
trollers or microcontrollers for controlling higher-level func 
tions, and providing higher-level instructions and a plurality 
of lower-level function modules adapted to receive signals 
from the Sensors and detectors and to provide control signals 
in response thereto. The traction mechanism and product 
dispensing control Signals are preferably issued to a traction 
mechanism controller and to a product dispensing controller 
via a manifold or bus arranged to receive Signal inputs from 
the microprocessor and a plurality of Sub-processors each 
corresponding to a respective navigation Sensor or the like. 
By this means, a distributed processing System can be 
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employed to provide a high level of flexibility in control 
Strategy, whilst allowing Simple connection of the Sub 
processors, thus to reduce the complexity and expense of the 
control System. The various processors preferably include 
neural network functionality to provide behavioural charac 
teristics appropriate to the chosen task of the robot, the 
behavioural characteristics of the processors preferably 
being moderated by a group of generic moderators providing 
necessary arbitration between the control instructions from 
the various processors. The higher-level functions prefer 
ably include one or more functions Selected from determi 
nation of the robot being Stuck, room Size estimation, clutter 
level determination, and battery monitoring. The lower-level 
modules are preferably analog neural networks which pro 
Vide, for example, edge follow and dispense control func 
tions, together, preferably, with cliff Sensing, collision detec 
tion, Speed reduction and random movement functions. 
0025. One example of a self-propelled robot constructed 
in accordance with the present invention, and its method of 
operation, will now be described with reference to the 
accompanying drawings in which: 

0026 
0027 FIG. 2 is a functional diagram of the robot; and 
0028 FIGS. 3A-C illustrate neural net aspects of part of 
the robot's control system. 

0029. As can be seen from FIG. 1, the robot of the 
present example is Substantially circular in overall plan 
View. A simple plate-like chassis 1 Supports both the 
mechanical and electrical components of the robot. The 
plate-like chassis 1 supports the body 2 of the robot on 
resilient rubber mountings 3 which allow the body to move 
relative to the chassis when a force is applied, eg by collision 
with an object, to a Sensor ring 20 which is disposed around 
the periphery of the body. Four displacement Sensors 4 
placed at 900 intervals around the robot measure lateral 
displacement of the body 2 relative to the chassis 1 and 
inform the control System of contact with an external object. 
The displacement sensors 4 are based on linear Hall Effect 
devices which produce a Voltage which is proportional to the 
Strength of the magnetic field in which they immersed. Each 
Sensor consists of a Small permanent magnet mounted on the 
body shell support ring 20 and a Hall Effect device mounted 
on the main chassis 1. When the body moves with respect to 
the chassis (as happens during a collision) the Voltage 
produced by the Hall Effect device varies and can be used to 
Signal the control System that an object has been encoun 
tered. By examining the Signals from all four Sensors the 
angle and magnitude of the collision can be deduced. These 
sensors allow displacements in the order of 0.1 mm to be 
reliably detected. A fifth sensor 18, of the same type as the 
displacement Sensors 4, measures vertical displacement of 
the body Shell to accommodate forces produced by objects 
which are of insufficient height to cause lateral body move 
ment. In an alternative construction, these Sensors may be 
Superseded by a single custom-built Sensor which can mea 
Sure lateral and Vertical displacement simultaneously. Such 
an integrated Sensor may be optical in nature utilising an 
array of photo detectorS mounted on the chassis and a light 
Source which is mounted on the body Support ring. 

FIG. 1 is an underneath plan view of the robot; 

0030) A single forward facing time-of-flight ultrasound 
sensor 13 is mounted at the front of the robot and is used to 
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allow the robot to gather more information regarding its 
Surroundings than can be achieved by the displacement 
Sensors 4 alone. This ultrasound Sensor 13 is based on a 
Polaroid(R) ranging module Polaroid 6500 series Sonar rang 
ing device, Polaroid reference 615077, the data from which 
is pre-processed by a dedicated unit 5 on which the Sensor 
13 is located. An ultrasonic Sensor unit 5, containing the 
ultraSonic Sensor 13 itself and a Suitable electronic interface, 
are mounted on the body to provide proximity information 
to the robot's control system. 

0.031 Left and right motors 6, 7 are provided to drive 
corresponding left and right wheels 8, 9 each with a soft 
rubber tyre, via an integral reduction gearbox, to provide 
motive power to the robot. A single castor 10 mounted at the 
rear of the robot completes the drive/movement System and 
allows the chassis to move forwards or backwards and rotate 
on the Spot. Varying the rotational Speed of the left and right 
motors 6, 7 allows the robot to be steered in any direction. 
The speed of the motors is controlled by pulse width 
modulating the Voltages applied to the motors. This involves 
switching the motor current on and off very rapidly (100,000 
times a second) and varying the ratio of 'on time to 'off 
time. This is a very efficient way to control the power to the 
motorS and hence their speed. 

0.032 Power for the robot, including the motors 6, 7 and 
the control System is provided by means of a battery pack 11 
mounted on the chassis 1. To protect the components of the 
robot from tampering and from damage a cover or housing 
(not shown) is attached to the body 2 to house the robot 
components. In the preferred embodiment, this is part 
Spherical or dome-like in shape. 

0033) A row of spray nozzles 16 and a pump 115 (not 
shown in FIG. 1) provide a means of dispensing treating 
fluid on to the Surface to be treated and detectors 14,15,17 
are provided to detect the presence of the treating fluid (or 
a suitable additional marker fluid). The three sensor units 14, 
15, 17, one placed in front of each of the drive wheels and 
the third 17 placed centrally, emit light at a wavelength 
which excites a fluorescent dye in the product being 
detected. These Sensor units incorporate a pair of light 
sensitive devices positioned at 90 to the robot's direction 
of travel and Spaced 20 mm apart, which can detect light 
produced by the fluorescent dye. By examining the intensity 
of the light detected by these devices the edge of a Section 
of previously deposited product can be detected and hence 
followed. In an alternative construction, the three Sensor 
units 14, 15, 17 pass a small electrical current through the 
floor covering by Virtue of an array of StainleSS Steel contacts 
which are designed to glide over the floor covering Surface. 
The conductivity of the floor covering will vary depending 
upon whether or not it has recently been Sprayed with 
product. By examining the conductivity of the floor cover 
ing, the edge of previously deposited product can be 
detected and hence followed. 

0034. In an alternative construction, in which fluid is to 
be dispensed to an edge or corner, the positioning of the 
Sprays is modified. The modification is Such that the Spray is 
able to dispense to the edge of the robot or beyond, for 
example, either by positioning nozzles at the very periphery 
of the underside or by additional nozzles which protrude 
from the casing and are directed Such that they spray beyond 
the perimeter of the robot. 
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0035. The robot's control system comprises various cir 
cuit boards and components which are not shown in FIG. 1 
in detail, but which are broadly indicated by reference 
numerals 12 in FIG. 1. 

0036) The control system will now be described in further 
detail. 

0037. Two purposes of the control system of an autono 
mous mobile robot Such as that of the example are to allow 
the robot to move within a physical environment in Safety 
and to enable it to perform useful tasks. To do this the robot 
must be aware of its immediate Surroundings and be able to 
react to particular circumstances in particular ways. A robot 
intended for an unconstrained domestic environment needs 
to have certain basic skills, Such as a collision detection skill, 
which might cause it to Stop upon collision with an object 
and then take evasive action before resuming its previous 
activity. 

0038. In the case of collision detection, the sensors 4, 18, 
13, which Sense impacts with and proximity to objects, will 
inform the control System of the angle of impact and its 
force. The control System must react very quickly to this 
Stimulus and prevent any further motion in this direction. A 
conventional approach to this problem would be to have a 
computer monitor the collision Sensors and act upon the data 
to Stop the motors and then perform Some form of avoidance 
manoeuvre. This is perfectly feasible, but if the same com 
puter is required Simultaneously to perform other tasks, for 
example, Such as in the present case, monitoring other 
Sensors and performing navigational mathematics, it Soon 
reaches a point where the Speed and power of the on-board 
computer required becomes prohibitively expensive if reac 
tion times are to be acceptable. 

0039 The alternative, adopted in the present invention, is 
to use discrete modules that perform functions in a way 
analogous to the reflexes of a biological organism. The 
advantage of this System are obvious: the main processor 
can merely issue high level commands Such as move or turn 
and is left free to perform other abstract tasks. 
0040. This alternative is a form of hierarchical distributed 
processing and allows the control System to be composed of 
Simple modules that together yield faster response times 
than a non-distributed System of the same cost. Another 
Significant advantage of distributed processing is its inherent 
robustness. If a System employing a conventional Single 
processor approach Suffers a failure, it can leave the System 
in an unsafe State, which in the case of a robot might allow 
it to crash into objects or people. The distributed approach 
can be designed So as to have a much greater degree of fault 
tolerance, rendering the occurrence of complete System 
failures much less likely. 
0041 Distributed processing can be implemented using 
conventional computers connected together by Some form of 
network, but these tend to be expensive to design and 
implement. The approach adopted in the present invention is 
to Simulate biological neural networks in real analogue 
hardware to provide a System that consists of behavioural 
modules, which are designed to perform individual taskS. 
These behaviours are managed by a simple micro controller, 
which performs higher level tasks Such as mathematical 
functions to estimate room size or a Strategy for escaping 
from under a table. 



US 2005/0234612 A1 

0042. The control system 100 will now be described with 
reference to FIGS. 2 and 3. FIG. 2 illustrates the functional 
relationship of the control System components. 
0043. The control behaviours used on the robot can be 
divided into two basic types, Low Level and High Level. 
Low Level behaviours are implemented in hardware as 
discrete neural blocks or modules 101-105, while High 
Level behaviours are Software algorithms running on a 
micro controller 106. 

0044) The functions of the Low level behaviour modules 
101-105 are now described in detail: 

0045 Cliff To prevent the robot falling down stairs 
it is equipped with four cliff detectors 21 which warn 
of Vertical hazards and provide Signals to the cliff 
behaviour module 101. The cliff detectors 21 are 
active infra red proximity Sensors which comprise a 
modulated light Source which emits a beam of infra 
red light directed at the target (in this case the floor), 
and an infra red detector which monitors the inten 
sity of the light which is reflected. When the sensor 
is directed over a cliff the intensity of the reflected 
light decreases and the Sensor informs the control 
system of the hazard. This behavioural function has 
very high priority and when active operates to 
manoeuvre the robot away from the hazard and 
return it to a course which is modified to avoid cliff 
type drops. 

0046 Edge Follow-The Edge Follow module 104 
provides a behavioural function which uses informa 
tion from the sensors 14,15,17 which allow the robot 
to find the edge of a previously treated area (as 
described above) and to travel along that edge to 
produce a faster Scan of the floor Surface. 

0047 Random-In the absence of any edges the 
robot moves in a random direction under the action 
of a random movement module 114 until an object is 
encountered or the edge follow behaviour is acti 
Vated. 

0048 Collide-The collision detection module 102 
takes input from the displacement Sensors 4,18 and 
operates So that upon encountering an obstacle the 
robot Stops, reverses a Small distance, then turns 
away from the object in a direction that depends 
upon the angle of impact, which is determined from 
the Signals of the displacement Sensors 4,18. 

0049 Reduce Speed. When an object is detected 
by the ultrasound Sensor unit 5 within a pre-Set range 
limit, the forward speed of the robot is reduced by 
the Reduce Speed module 103 to minimise the 
impact force generated when contact with the object 
OCCS. 

0050 Dispense-A dispense control module 105 
has inputs from a fluid level sensor 203 and sensors 
14, 15, 17 via the Edge Follow module 104. If the 
UV sensors 14, 15, 17 report untreated carpet in the 
direction of travel the treatment chemical is dis 
pensed until treated areas are encountered or fluid 
level reaches a lower limit. 

0051 High level behaviours are determined within the 
microcontroller 106 and comprise the following functional 
modules: 
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0.052 Stuck-A routine 107 determines if there 
have been more than a chosen number of collisions 
in a Select period and causes the robot to Stop and use 
the ultrasound range finder 5, 13 to find the longest 
clear path and move in that direction. The robot will 
rotate on the spot, by operating the wheels 8, 9 in 
opposite directions, looking for the longest clear 
path. When the best direction is discovered the robot 
will move off in that direction. 

0053 Estimate Room size-By using statistics gath 
ered from the ultrasound Sensor 13 and measuring 
the time between collisions the routine 108 is able to 
estimate the area of the room. This is used to 
determine how long the robot should take to treat a 
particular room. 

0054 Estimate clutter level-By comparing esti 
mates of room size against collisions per minute a 
routine 109 is able to deduce a factor describing the 
complexity of the room. This can then be used to 
modify the run time to allow for the level of clutter. 

0055 Battery Monitor-A battery monitor routine 
110 checks the state of the battery by monitoring the 
output voltage and current. It uses this information to 
estimate how long the battery will be able to support 
the robot's Systems before a re-charge is needed. 
When the monitor routine decides that the battery 
State is approaching the point where reliable opera 
tion is no longer possible, the user is warned by 
illumination of a battery low indicator. If the robot is 
allowed to continue to operate without being re 
charged the monitor routine will shut the robot down 
in a Safe and controlled fashion when power levels 
reach a predetermined point. Nickel Cadmium or 
Nickel Metal Hydride batteries require careful charg 
ing to ensure maximum capacity and life span and 
the monitor routine also controls the charging cycle 
of the battery to ensure that these needs are met. 

0056 Traditionally neural network designers have 
insisted that every neuron in a network is connected to every 
other neuron in that network. Whilst this allows the network 
the greatest level of flexibility, very many (even as high as 
90%) of these connections will never be used. The present 
System allows pre-configured neural networks to be con 
nected together in a much less complex way allowing the 
behaviour of the robot to dynamically adjust to the imme 
diate environment in a continuous fashion. 

0057 This so-called “Manifold Architecture” comprises 
an analogue bus or manifold 111, connecting all the behav 
iour modules 101-105 and their associated actuators to each 
other. Four generic moderators arbitrate between the behav 
iours, and give rise to a prototype behaviour of their own 
which regulates the overall activity of the robot via a motor 
controller 112 and dispensing fluid pump controller 113 
driving the pump 115. These generic moderatorS Sum all the 
excitatory and inhibitory inputs and apply a non-linear 
transfer function to the results. The outputs from these 
moderators form the inputs to the motor controllers. 
0058. In order to explain the function of the manifold 
architecture, it is necessary to describe the basic neural 
aspects of the control system. FIGS. 3A-C will be referenced 
for this purpose. 
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0059 A single neuron (see FIG.3A) has three basic types 
of connections, excitatory inputs which cause the neuron to 
fire, inhibitory inputs which Suppress activity and the 
output which represents the State of the neuron. Additionally 
neurons may have other properties Such as Decay which 
causes the output to fall slowly over time, and Threshold 
which Suppresses all output until the Sum of all the input 
exceeds a certain level. 

0060 FIG. 3B shows (by way of example) a simplified 
representation of the collide behaviour and the manifold 
System in neural notation. 

0061 The collision sensors 4 are represented in FIG. 3B 
as 1, 2, 3 and 4 and are buffered and normalised by sensor 
pre-processors 5, 6, 7 and 8. The outputs of the sensor 
pre-processors are each fed into a Single neuron 9, 10, 11 and 
12 configured as a pulse Stretcher with a time constant of 
approximately 5 Seconds. The outputs of these neurons are 
connected to the rest of the network formed by neurons 13 
to 28 where the pattern of connections, and transfer char 
acteristics of the neurons give rise to the behaviour itself The 
outputs of this network are connected via the connections 41 
to 48 to the manifold summators (generic moderators) 29 to 
32 where the signals are summed and the outputs 37 to 40 
form the inputs to the left and right motor controllers (not 
shown in this figure). Connections from another unspecified 
behaviour (of which there may be many) are shown as 50 to 
57. Connection 49 is a subsumtion input, which is used to 
disable the entire behaviour under control of the Scheduler 
Software running on a microcontroller or another higher 
priority neural behaviour. The Sensor outputs are also made 
available to the microcontroller so that high level behaviours 
Such as clutter level estimation may have access to any data 
produced. 

0.062. In the event of a direct collision whilst travelling 
Straight ahead the following is true: 

0063. The front collision sensor 1 produces a pulse 
as contact with an obstacle occurs. This pulse is 
amplified by the Sensor pre-processing element 5 and 
passed to the input neuron 9. This neuron is config 
ured to stretch the width of an input pulse (when that 
pulse exceeds a predetermined input threshold) to 
approximately 5 Seconds. The output from the input 
neuron 9 is simultaneously fed to four other neurons 
13, 14, 15 and 16. These hidden layer neurons are 
configured to act as attenuators or in neural terms 
weights, and therefore change the amplitude of the 
appliedSignals. Neurons 13 and 15 are Set to produce 
an output level of 10 (maximum) when excited and 
the outputs are connected to the output neurons 22 
and 26 which when excited apply signals to the 
manifold instructing the motors to Stop moving for 
ward. Neurons 14 and 16 are set to produce an output 
of 5 (half) when excited and their outputs are con 
nected to the output neurons 23 and 27 which when 
excited apply signals to the manifold instructing the 
motors to move the robot backwards. This part of the 
behaviour itself, would theoretically lead to a situa 
tion where the robot would repeatedly collide and 
retreat in a Straight line from an obstacle, but inher 
ent inaccuracies in the control System and drive 
mechanics coupled with the fact that the probability 
of a perfect head on collision is remote, means that 
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the other collision strategies which involve the left 
and right Sensors, will cause the robot to turn as it 
reverses from an obstacle and produces a useful 
behaviour. 

0064. The manifold function will now be described in 
detail with reference to FIG.3C. The manifold as its name 
implies brings together all the output from the robots various 
neural behaviours, Sums it together and provides the inputs 
to the motor controllers. FIG. 3C shows the section which 
controls the right hand motor controller; the left had Section 
is identical. 

0065 Connection 41 is effectively the “Go forward right 
input and 42 is “Don’t go forward right. These two opposing 
inputs are fed into the excitatory and inhibitory inputs of 
neuron 29. If values of Go forward 6 and don't go forward 
3 are applied simultaneously, neuron 29 outputs a value of 
3, but if the values are reversed ie. Go forward 3 and don’t 
go forward 6, neuron 29 produces 0. This is most important 
as it allows a behaviour to inhibit motion in a particular 
direction without causing motion in the opposite direction. 
0066 Neuron 30 performs the same task as 29 except it's 
inputs are “Go backwards' 43 and “Don’t go backwards’44. 
0067 Neuron 29 is connected to the excitatory input of 
33 which in turn drives the “Go forward input of the right 
hand motor controller via connection37. Neurons 30 and 34 
are connected to the “Go backward input of the right hand 
motor controller via connection 38. The motor controller 
sums these inputs so that Go forward 8 and Go Backward 4 
Simultaneously applied on connections 37 and 38 respec 
tively will result in the right wheel rotating forward at a 
Speed of 4. 
0068 Neurons 33 and 34 also have inhibitory connec 
tions where the forward Signal path is connected to the 
reverse path and Vice versa. This allows non-linear behav 
iour of the manifold and as the Strength of these connections 
is increased, the robot becomes less likely to enter a stable 
State, where no motion occurs due to behaviours with 
conflicting interests asserting themselves simultaneously. 
0069. Further details of some of the various sensors and 
their operation will now be given: 
0070 The ultrasound sensor unit 5 has a pre-processor 
which manages the Sensor 13, providing timing pulses etc., 
and provides the high level behaviour with continuous 
range to target data and a simple range warning to the 
reduce speed behaviour module 103. The continuous output 
is used by the stuck behaviour module 107 which rotates the 
robot through 360 whilst looking for a clear path down 
which the robot can escape and is also used by the room size 
and clutter estimation behaviour modules 109, 108. 
0071 To perform the task of dispensing the treatment 
compositions (for example, a carpet cleaning formulation, 
known perse, comprising of an aqueous Solution of anionic 
Surfactant, optionally together with a polycarboxylate Soil 
Suspending agent) on to a Surface, it is desirable to know 
which areas of the Surface have already been treated. 
0072 A marker agent, added to the formulation in ques 
tion, has characteristic properties Such as absorption or 
emission of light at a known frequency, or fluorescent 
behaviour which can be detected by the robot. Examples of 
Such markers are luminol, which can be made to react with 
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hydrogen peroxide to emit light, and Substituted coumarins 
such as 7-hydroxy or 4-methyl-7-hydroxy variants which are 
highly fluorescent but undergo ring opening reactions to 
form a non-fluorescent derivative. 

0.073 For detection purposes, a light source and corre 
sponding photodiode detectors 14, 15, 17 are placed left and 
right in front of the drive wheels 6,7 of the robot in order to 
detect Said marker chemical and enable the control System to 
follow the edge of a previous pass. In this manner, a 
Structured dispensing pattern can be established. Moreover, 
the detector can be linked, via a negative feedback System, 
to the dispensing array, thereby to avoid the deposition of 
formulation on to an area of Surface that has already been 
treated. When no area of the floor can be found that has not 
been treated, the actual time taken is compared with data 
provided by the estimated room size behaviour module 108, 
and if the two are within acceptable limits, the treatment of 
the floor is deemed complete. The characteristic properties 
by which the marker is detected either decay within 24-48 
hours of application (by aerial oxidation or photolytic 
decomposition) or, in the case of a two stage treatment 
method, a Second chemical may be applied over the first, 
neutralising the characteristic properties of the marker 
chemical. 

0.074 An alternative means of achieving this desired 
behaviour is to use moisture detection to identify areas of the 
Surface which have already been treated. In this case, the 
inherent moisture of a liquid formulation is used to detect 
treated Surfaces via moisture Sensing arrays which are 
positioned left and right in front of the drive wheels 6,7 of 
the robot. Again, this System can be used to enable the robot 
to follow the edge of a previous pass. 
0075. In cases where a hard floor surface is being treated 
(for example with an aqueous cleaning formulation com 
prising a mid chain-length non-ionic Surfactant with carbon 
ate citrate and caustic Soda) the reflective properties of the 
floor may be used to detect which areas of floor have been 
treated. A high intensity light Source directs light on to the 
floor where, following reflection, it is Subsequently detected 
by a photodiode detector. These are positioned left and right 
in front of the drive wheels 6,7 of the robot. Again, this 
system can be used to enable the robot to follow the edge of 
a previous pass. In this case, the ability of a formulation to 
reduce the reflectivity of the floor is harnessed to enable its 
detection. 

What is claimed is: 

1. A Self-propelled robot configured for movement over a 
trackless Surface to be treated, the robot comprising: 

a. a power Supply, 

b. a traction mechanism configured to receive power from 
the power Supply and move the robot over a trackleSS 
Surface; 

c. a dispense mechanism adapted to controllably deposit 
a fluent material onto the trackless Surface; 

d. a plurality of navigation Sensors providing Signals for 
enabling the robot to navigate over the trackleSS Surface 
and around obstacles thereon, and 
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e. a control System configured to receive the Signals from 
the navigation Sensors and operably dependent upon 
the Signals to control the traction and dispense mecha 
nisms. 

2. The robot according to claim 1, wherein the navigation 
Sensors include collision Sensors comprising at least one 
lateral displacement Sensor arranged on a peripheral Sensor 
ring to provide 360 collision detection, one or more vertical 
displacement Sensors, or both. 

3. The robot according to claim 1, wherein the control 
System comprises a hierarchical architecture and includes 
one or more microprocessor controllers or microcontrollers 
for controlling higher-level functions and providing higher 
level instructions, and a plurality of lower-level function 
modules adapted to receive signals from the navigation 
Sensors and having processors to provide control Signals in 
response thereto. 

4. The robot according to claim 1, wherein the traction 
mechanism comprises left and right, coaxially disposed 
drive wheels having corresponding motors. 

5. The robot according to claim 4, wherein Signals asso 
ciated with the traction mechanism are issued to a traction 
mechanism controller, via a manifold, and configured to 
receive Signal inputs from the microprocessors or microcon 
trollers and from the lower-level function modules. 

6. The robot according to claim 4, wherein the lower-level 
function module processors include neural network func 
tionality to provide behavioral characteristics appropriate to 
a chosen task of the robot, wherein the behavioral charac 
teristics provided by the processors are moderated by a 
group of generic moderators providing arbitration between 
control instructions from the various processors. 

7. The robot according to claim 4, wherein the lower-level 
function modules comprise analog neural networks which 
provide functions comprising cliff Sensing, collision detec 
tion, Speed reduction or random movement. 

8. The robot according to claim 1, wherein the fluent 
material comprises a carpet cleaning composition, an odor 
ization or deodorization composition, a dust mite control 
composition, an anti-microbial composition, a hard Surface 
cleaning composition or mixtures thereof, which can be 
applied Simultaneously or Successively. 

9. The robot according to claim 1, wherein the fluent 
material comprises a hard Surface cleaning composition. 

10. A method comprising controllably depositing a fluent 
material onto floors, carpets and other floor coverings using 
the robot as set forth in claim 1, wherein the robot is 
autonomous and Self-propelled. 

11. The method according to claim 10, wherein the fluent 
material comprises a carpet cleaning composition, an odor 
ization or deodorization composition, a dust mite control 
composition, an anti-microbial composition, a hard Surface 
cleaning composition or mixtures thereof, which can be 
applied Simultaneously or Successively. 

12. The method according to claim 11, wherein the 
deposited material comprises a hard Surface cleaning com 
position. 

13. The method according to claim 1, wherein the robot 
navigates over the trackless Surface along an unpredeter 
mined path. 

14. A self-propelled robot configured for movement over 
a trackless Surface to be treated, the robot comprising: 
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a. a power Supply, 
b. a traction mechanism configured to receive power from 

the power Supply and move the robot over a trackleSS 
Surface; 

c. a dispense mechanism adapted to controllably deposit 
a fluent material onto the trackless Surface; 

d. a plurality of navigation Sensors providing Signals for 
enabling the robot to navigate over the trackleSS Surface 
and around obstacles thereon; 

e. a control System configured to receive the Signals from 
the navigation Sensors and operably dependent upon 
the Signals to control the traction mechanisms, wherein 
the control System comprises a hierarchical architecture 
and includes one or more microprocessor controllers or 
microcontrollers for controlling higher-level functions 
and providing higher-level instructions, and a plurality 
of lower-level function modules adapted to receive 
Signals from the navigation Sensors and having proces 
Sors to provide control Signals in response thereto, 
wherein higher-level functions comprise robot impact 
recognition, room size estimation, clutter level deter 
mination and battery monitoring. 

15. The robot according to claim 14, wherein the navi 
gation Sensors include collision Sensors comprising at least 
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one lateral displacement Sensor arranged on a peripheral 
Sensor ring to provide 360 collision detection, one or more 
Vertical displacement Sensors, or both. 

16. A method comprising controllably depositing a fluent 
material onto floors, carpets and other floor coverings using 
the robot as set forth in claim 14, wherein the robot is 
autonomous and Self-propelled. 

17. The method according to claim 16, wherein the fluent 
material comprises a carpet cleaning composition, an odor 
ization or deodorization composition, a dust mite control 
composition, an anti-microbial composition, a hard Surface 
cleaning composition or mixtures thereof, which can be 
applied Simultaneously or Successively. 

18. The method according to claim 17, wherein the 
deposited material comprises a hard Surface cleaning com 
position. 

19. The robot according to claim 14, wherein the fluent 
material comprises a carpet cleaning composition, an odor 
ization or deodorization composition, a dust mite control 
composition, an anti-microbial composition, a hard Surface 
cleaning composition or mixtures thereof, which can be 
applied Simultaneously or Successively. 

20. The robot according to claim 19, wherein the fluent 
material comprises a hard Surface cleaning composition. 
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