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AUTONOMOUS SURFACE CLEANING ROBOT 
FOR WET AND DRY CLEANING 

[0001] This invention claims priority from Provisional 
Application Ser. No. 60/654,839 ?led Feb. 18, 2005. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0002] This application relates to co-pending and co 
assigned patent application Ser. No. , entitled 
AUTONOMOUS SURFACE CLEANING ROBOT FOR 
DRY CLEANING, and patent application Ser. No. 
entitled, AUTONOMOUS SURFACE CLEANING ROBOT 
FOR WET CLEANING both of Which are ?led even dated 
herewith and incorporated herein by this reference. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention relates to cleaning devices, 
and more particularly, to an autonomous surface cleaning 
robot. In particular, the surface cleaning robot includes tWo 
separate cleaning Zones With a ?rst cleaning Zone con?gured 
to collect loose particulates from the surface and With a 
second cleaning Zone con?gured to apply a cleaning ?uid 
onto the surface, scrub the surface and thereafter collect a 
Waste liquid from the surface. The surface cleaning robot 
may also include at least tWo containers, carried thereby, to 
store cleaning ?uid and Waste materials. 

[0005] 2. Description of Related Art 

[0006] Autonomous robot ?oor cleaning devices having a 
loW enough end user price to penetrate the home ?oor 
cleaning market are knoWn in the art. For example, co 
assigned and co-pending US. patent application Ser. No. 
10/320,729 by Jones et al. entitled AUTONOMOUS 
FLOOR-CLEANING ROBOT discloses an autonomous 
robot comprising a chassis, a battery poWer subsystem, a 
motive drive subsystem operative to propel the autonomous 
?oor cleaning robot over a ?oor surface for cleaning opera 
tions, a command and control subsystem operative to control 
the cleaning operations and the motive subsystem, a rotating 
brush assembly for sWeeping up or collecting loose particu 
lates from the surface, a vacuum subsystem for suctioning 
up or collecting loose particulates on the surface, and a 
removable debris receptacle for collecting the particulates 
and storing the loose particulates on the robot during opera 
tion. Models similar to the device disclosed in the ’729 
application are commercially marketed by IROBOT COR 
PORATION under the trade names ROOMBA RED and 
ROOMBA DISCOVERY. These devices are operable to 
clean hard ?oor surfaces, e. g. bare ?oors, as Well as carpeted 
?oors, and to freely move from one surface type to the other 
unattended and Without interrupting the cleaning process. 

[0007] In particular, the ’729 application teaches a ?rst 
cleaning Zone con?gured to collect loose particulates in a 
receptacle. The ?rst cleaning Zone includes a pair of counter 
rotating brushes engaging the surface to be cleaned. The 
counter-rotating brushes are con?gured With brush bristles 
that move at an angular velocity With respect to ?oor surface 
as the robot is transported over the surface in a forWard 
transport direction. The angular movement of the brush 
bristles With respect to the ?oor surface tends to ?ick loose 
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particulates laying on the surface into the receptacle Which 
is arranged to receive ?icked particulates. 

[0008] The ’729 application further teaches a second 
cleaning Zone con?gured to collect loose particulates in the 
receptacle and positioned aft of the ?rst cleaning Zone such 
that the second cleaning Zone performs a second cleaning of 
the surface as the robot is transported over the surface in the 
forWard direction. The second cleaning Zone includes a 
vacuum device con?gured to suction up any remaining 
particulates and deposit them into the receptacle. 

[0009] In other examples, home use autonomous cleaning 
devices are disclosed in each ofU.S. Pat. No. 6,748,297, and 
US. Patent Application Publication No. 2003/ 01 92144, both 
by Song et al. and both assigned to Samsung GWangiu 
Electronics Co. In these examples, autonomous cleaning 
robots are con?gured With similar cleaning elements that 
utiliZe rotating brushes and a vacuum device to ?ick and 
suction up loose particulates and deposit them in a recep 
tacle. 

[0010] While each of the above examples provide a?ford 
able autonomous ?oor clearing robots for collecting loose 
particulates, there is heretofore no teaching of an affordable 
autonomous ?oor cleaning robot for applying a cleaning 
?uid onto the ?oor to Wet clean ?oors in the home. A need 
exists in the art for such a device and that need is addressed 
by the present invention. 

[0011] Wet ?oor cleaning in the home has long been done 
manually using a Wet mop or sponge attached to the end of 
a handle. The mop or sponge is dipped into a container ?lled 
With a cleaning ?uid, to absorb an amount of the cleaning 
?uid in the mop or sponge, and then moved over the surface 
to apply a cleaning ?uid onto the surface. The cleaning ?uid 
interacts With contaminates on the surface and may dissolve 
or otherWise emulsify contaminates into the cleaning ?uid. 
The cleaning ?uid is therefore transformed into a Waste 
liquid that includes the cleaning ?uid and contaminates held 
in suspension Within the cleaning ?uid. Thereafter, the 
sponge or mop is used to absorb the Waste liquid from the 
surface. While clean Water is someWhat effective for use as 
a cleaning ?uid applied to ?oors, most cleaning is done With 
a cleaning ?uid that is a mixture of clean Water and soap or 
detergent that reacts With contaminates to emulsify the 
contaminates into the Water. 

[0012] In addition, it is knoWn to clean ?oor surfaces With 
Water and detergent mixed With other agents such as a 
solvent, a fragrance, a disinfectant, a drying agent, abrasive 
particulates and the like to increase the effectiveness of the 
cleaning process. 

[0013] The sponge or mop may also be used as a scrubbing 
element for scrubbing the ?oor surface, and especially in 
areas Where contaminates are particularly di?icult to remove 
from the ?oor. The scrubbing action serves to agitate the 
cleaning ?uid for mixing With contaminates as Well as to 
apply a friction force for loosening contaminates from the 
?oor surface. Agitation enhances the dissolving and emul 
sifying action of the cleaning ?uid and the friction force 
helps to break bonds betWeen the surface and contaminates. 

[0014] One problem With the manual ?oor cleaning meth 
ods of the prior art is that after cleaning an area of the ?oor 
surface, the Waste liquid must be rinsed from the mop or 
sponge, and this usually done by dipping the mop or sponge 
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back into the container ?lled With cleaning ?uid. The rinsing 
step contaminates the cleaning ?uid With Waste liquid and 
the cleaning ?uid becomes more contaminated each time the 
mop or sponge is rinsed. As a result, the effectiveness of the 
cleaning ?uid deteriorates as more of the ?oor surface area 
is cleaned. 

[0015] While the traditional manual method is effective 
for ?oor cleaning, it is labor intensive and time consuming. 
Moreover, its cleaning e?‘ectiveness decreases as the clean 
ing ?uid becomes contaminated. A need exists in the art for 
an improved method for Wet cleaning a ?oor surface to 
provide an affordable Wet ?oor cleaning device for auto 
mating Wet ?oor cleaning in the home. 

[0016] In many large buildings, such as hospitals, large 
retail stores, cafeterias, and the like, there is a need to Wet 
clean the ?oors on a daily or nightly basis, and this problem 
has been addressed by the development of industrial ?oor 
cleaning robots capable of Wet cleaning ?oors. An example 
of one industrial Wet ?oor cleaning device is disclosed in 
US. Pat. No. 5,279,672 by Betker et al., and assigned to 
Windsor Industries Inc. Betker et al. disclose an autonomous 
?oor cleaning device having a drive assembly providing a 
motive force to autonomously move the Wet cleaning device 
along a cleaning path. The device provides a cleaning ?uid 
dispenser for dispensing cleaning ?uid onto the ?oor; rotat 
ing scrub brushes in contact With the ?oor surface for 
scrubbing the ?oor With the cleaning ?uid, and a Waste 
liquid recovery system, comprising a squeegee and a 
vacuum system for recovering the Waste liquid from the 
?oor surface. While the device disclosed by Betker et al. is 
usable to autonomously Wet clean large ?oor areas, it is not 
suitable for the home market. In particular, the industrial 
autonomous cleaning device disclosed by Betker et al. is too 
large, costly and complex for use in the home and consumes 
too much electrical poWer to provide a practical solution for 
the home Wet ?oor cleaning market. 

[0017] Recently, improvements in conventional manual 
Wet ?oor cleaning in the home are disclosed in US. Pat. No. 
5,968,281 by Wright et al., and assigned to Royal Appliance 
Mfg., entitled METHOD FOR MOPPING AND DRYINGA 
FLOOR. Disclosed therein is a loW cost Wet mopping 
system for manual use in the home market. The Wet mopping 
system disclosed by Wright et al. comprises a manual ?oor 
cleaning device having a handle With a cleaning ?uid supply 
container supported on the handle. The device includes a 
cleaning ?uid dispensing noZZle supported on the handle for 
spraying cleaning ?uid onto the ?oor and a ?oor scrubber 
sponge attached to the end of the handle for contact With the 
?oor. The device also includes a mechanical device for 
Wringing Waste liquid out of the scrubbing sponge. A squee 
gee and an associated suction device are supported on the 
end of the handle and used to collect Waste liquid up from 
the ?oor surface and deposit the Waste liquid into a Waste 
liquid container, supported on the handle separate from the 
cleaning solution reservoir. The device also includes a 
battery poWer source for poWering the suction device. While 
Wright et al. teach a self contained Wet cleaning device as 
Well as an improved Wet cleaning method that separates 
Waste liquid from cleaning ?uid the device is manually 
operated and lacks robotic functionality. 

BRIEF SUMMARY OF THE INVENTION 

[0018] The problems of the prior art are addressed by the 
present invention Which provides an autonomous cleaning 
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robot comprising a chassis and a transport drive system 
con?gured to autonomously transport cleaning elements 
over a cleaning surface. The robot is supported on the 
cleaning surface by Wheels in rolling contact With the 
cleaning surface and the robot includes controls and drive 
elements con?gured to control the robot to generally 
traverse the cleaning surface in a forWard direction de?ned 
by a fore-aft axis. The robot is further de?ned by a transverse 
axis perpendicular to the fore-aft axis. 

[0019] The robot chassis carries a ?rst cleaning Zone A 
comprising cleaning elements arranged to collect loose 
particulates from the cleaning surface across a cleaning 
Width. The cleaning elements of the ?rst cleaning Zone may 
suction up loose particulates, utiliZe brushes to sWeep the 
loose particulates into receptacle or otherWise remove the 
loose particulates from the surface. 

[0020] The robot chassis also carries a second cleaning 
Zone B comprising cleaning elements arraigned to apply a 
cleaning ?uid onto the surface. The second cleaning Zone 
also includes cleaning elements con?gure to collect the 
cleaning ?uid up from the surface after it has been used to 
clean the surface and may further include elements for 
scrubbing the cleaning surface and for smearing the cleaning 
?uid more uniformly over the cleaning surface. 

[0021] The robot includes a motive drive subsystem con 
trolled by a master control module and poWered by a 
self-contained poWer module for performing autonomous 
movement over the cleaning surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The features of the present invention Will best be 
understood from a detailed description of the invention and 
a preferred embodiment thereof selected for the purposes of 
illustration and shoWn in the accompanying draWings in 
Which: 

[0023] FIG. 1 depicts an isometric vieW of a top surface 
of an autonomous cleaning robot according to the present 
invention. 

[0024] FIG. 2 depicts an isometric vieW of a bottom 
surface of a chassis of an autonomous cleaning robot accord 
ing to the present invention. 

[0025] FIG. 3 depicts an isometric vieW of a top surface 
of a robot chassis having robot subsystems attached thereto 
according to the present invention. 

[0026] FIG. 4 depicts a block diagram shoWing the inter 
relationship of subsystems of an autonomous cleaning robot 
according to the present invention. 

[0027] FIG. 5 depicts a schematic representation of a 
liquid applicator assembly according to the present inven 
tion. 

[0028] FIG. 6 depicts a section vieW taken through a stop 
valve assembly installed Within a cleaning ?uid supply tank 
according to the present invention. 

[0029] FIG. 7 depicts a section vieW taken through a 
pump assembly according to the present invention. 

[0030] FIG. 8 depicts a top vieW of a ?exible element used 
as a diaphragm pump according to the present invention. 
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[0031] FIG. 9 depicts a top vieW of a non?exible chamber 
element used in the pump assembly according to the present 
invention. 

[0032] FIG. 10 depicts an exploded isometric vieW of a 
scrubbing module according to the present invention. 

[0033] FIG. 11 depicts a rotatable scrubbing brush accord 
ing to the present invention. 

[0034] FIG. 12 depicts a section vieW taken through a 
second collecting apparatus used for collecting Waste liquid 
according to the present invention. 

[0035] FIG. 13 is a block diagram shoWing elements of a 
drive module used to rotate the scrubbing brush according to 
the present invention. 

[0036] FIG. 14 is a schematic representation of an air 
moving system according to the present invention. 

[0037] FIG. 15 depicts a fan assembly according to the 
present invention. 

[0038] FIG. 16 depicts an exploded isometric vieW shoW 
ing elements of an integrated liquid storage module accord 
ing to the present invention. 

[0039] FIG. 17 depicts an external vieW of the integrated 
liquid storage module removed from the cleaning robot 
according to the present invention. 

[0040] FIG. 18 depicts an exploded vieW of a nose Wheel 
module according to the present invention. 

[0041] FIG. 19 depicts a section vieW taken through a 
nose Wheel assembly according to the present invention. 

[0042] FIG. 20 depicts an exploded vieW of a drive Wheel 
assembly according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0043] Referring noW to the draWings Where like reference 
numerals identify corresponding or similar elements 
throughout the several vieWs, FIG. 1 depicts an isometric 
vieW shoWing the external surfaces of an autonomous clean 
ing robot 100 according to a preferred embodiment of the 
present invention. The robot 100 is con?gured With a 
cylindrical volume having a generally circular cross-section 
102 With a top surface and a bottom surface that is substan 
tially parallel and opposed to the top surface. The circular 
cross-section 102 is de?ned by three mutually perpendicular 
axes; a central vertical axis 104, a fore-aft axis 106, and a 
transverse axis 108. The robot 100 is movably supported 
With respect to a surface to be cleaned, hereinafter, the 
cleaning surface. The cleaning surface is substantially hori 
Zontal. The robot 100 is generally supported in rolling 
contact With the cleaning surface by a plurality of Wheels or 
other rolling elements attached to a chassis 200. In the 
preferred embodiment, the fore-aft axis 108 de?nes a trans 
port axis along Which the robot is advanced over the 
cleaning surface. The robot is preferably advanced in a 
forWard or fore travel direction, designated F, during clean 
ing operations. The opposite travel direction, (i.e. opposed 
by 180°), is designated A for aft. The robot is preferably not 
advanced in the aft direction during cleaning operations but 
may be advanced in the aft direction to avoid an object or 
maneuver out of a comer or the like. Cleaning operations 
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may continue or be suspended during aft transport. The 
transverse axis 108 is further de?ned by the labels R for right 
and L for left, as vieWed from the top vieW of FIG. 1. In 
subsequent ?gures, the R and L direction remain consistent 
With the top vieW, but may be reversed on the printed page. 
In the preferred embodiment of the present invention, the 
diameter of the robot circular cross-section 102 is approxi 
mately 370 mm, (14.57 inches) and the height of the robot 
100 above the cleaning surface of approximately 85 mm, 
(3.3 inches). HoWever, the autonomous cleaning robot 100 
of the present invention may be built With other cross 
sectional diameter and height dimensions, as Well as With 
other cross-sectional shapes, e.g. square, rectangular and 
triangular, and volumetric shapes, e.g. cube, bar, and pyra 
midal. 

[0044] The robot 100 may include a user input control 
panel, not shoWn, disposed on an external surface, eg the 
top surface, With one or more user manipulated actuators 
disposed on the control panel. Actuation of a control panel 
actuator by a user generates an electrical signal, Which is 
interpreted to initiate a command. The control panel may 
also include one or more mode status indicators such as 

visual or audio indicators perceptible by a user. In one 
example, a user may set the robot onto the cleaning surface 
and actuate a control panel actuator to start a cleaning 
operation. In another example, a user may actuate a control 
panel actuator to stop a cleaning operation. 

[0045] Referring noW to FIG. 2, the autonomous robot 
100 includes a plurality of cleaning modules supported on a 
chassis 200 for cleaning the substantially horizontal cleaning 
surface as the robot is transported over the cleaning surface. 
The cleaning modules extend beloW the robot chassis 200 to 
contact or otherWise operate on the cleaning surface during 
cleaning operations. More speci?cally, the robot 100 is 
con?gured With a ?rst cleaning Zone A for collecting loose 
particulates from the cleaning surface and for storing the 
loose particulates in a receptacle carried by the robot. The 
robot 100 is further con?gured With a second cleaning Zone 
B that at least applies a cleaning ?uid onto the cleaning 
surface. The cleaning ?uid may be clean Water alone or clean 
Water mixed With other ingredients to enhance cleaning. The 
application of the cleaning ?uid serves to dissolve, emulsify 
or otherWise react With contaminates on the cleaning surface 
to separate contaminates therefrom. Contaminates may 
become suspended or otherWise combined With the cleaning 
?uid. After the cleaning ?uid has been applied onto the 
surface, it mixes With contaminates and becomes Waste 
material, eg a liquid Waste material With contaminates 
suspended or otherWise contained therein. 

[0046] The underside of the robot 100 is shoWn in FIG. 2 
Which depicts a ?rst cleaning Zone A disposed forWard of the 
second cleaning Zone B With respect to the fore-aft axis 106. 
Accordingly, the ?rst cleaning Zone A precedes the second 
cleaning Zone B over the cleaning surface When the robot 
100 travels in the-forWard direction. The ?rst and second 
cleaning Zones are con?gured With a cleaning Width W that 
is generally oriented parallel or nearly parallel With the 
transverse axis 108. The cleaning Width W de?nes the 
cleaning Width or cleaning footprint of the robot. As the 
robot 100 advances over the cleaning surface in the forWard 
direction, the cleaning Width is the Width of cleaning surface 
cleaned by the robot in a single pass. Ideally, the cleaning 
Width extends across the full transverse Width of the robot 


































