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FIG. 3B 
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FIG. 5A 
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AUTONOMOUS FLOOR-CLEANING ROBOT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application for US. Patent is a continuation of, and 
claims priority from, US. patent application Ser. No. 10/ 320, 
729 ?led Dec. 16, 2002, entitledAutonomous Floor-Cleaning 
Robot and US. Provisional Application Ser. No. 60/345,764 
?led Jan. 3, 2002, entitled Cleaning Mechanisms for Autono 
mous Robot. The subject matter of this application is also 
related to commonly-owned, co-pending US. patent applica 
tion Ser. Nos. 09/768,773, ?led J an. 24, 2001, entitled Robot 
Obstacle Detection System; 10/167,851, ?led Jun. 12, 2002, 
entitled Method and System for Robot Localization and Con 
?nement; and, 10/056,804, ?led J an. 24, 2002, entitled 
Method and System for Multi-Mode Coverage for an Autono 
mous Robot. 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to cleaning devices, and more 

particularly, to an autonomous ?oor-cleaning robot that com 
prises a self-adjustable cleaning head subsystem that includes 
a dual-stage brush assembly having counter-rotating, asym 
metric brushes and an adjacent, but independent, vacuum 
assembly such that the cleaning capability and ef?ciency of 
the self-adjustable cleaning head subsystem is optimized 
While concomitantly minimizing the poWer requirements 
thereof. The autonomous ?oor-cleaning robot further 
includes a side brush assembly for directing particulates out 
side the envelope of the robot into the self-adjustable cleaning 
head subsystem. 

(2) Description of Related Art 
Autonomous robot cleaning devices are knoWn in the art. 

For example, US. Pat. Nos. 5,940,927 and 5,781,960 dis 
close an Autonomous Surface Cleaning Apparatus and a 
Nozzle Arrangement for a Self-Guiding Vacuum Cleaner. 
One of the primary requirements for an autonomous cleaning 
device is a self-contained poWer supplyithe utility of an 
autonomous cleaning device Would be severely degraded, if 
not outright eliminated, if such an autonomous cleaning 
device utilized a poWer cord to tap into an external poWer 
source. 

And, While there have been distinct improvements in the 
energizing capabilities of self-contained poWer supplies such 
as batteries, today’s self-contained poWer supplies are still 
time-limited in providing poWer. Cleaning mechanisms for 
cleaning devices such as brush assemblies and vacuum 
assemblies typically require large poWer loads to provide 
effective cleaning capability. This is particularly true Where 
brush assemblies and vacuum assemblies are con?gured as 
combinations, since the brush assembly and/or the vacuum 
assembly of such combinations typically have not been 
designed or con?gured for synergic operation. 
A need exists to provide an autonomous cleaning device 

that has been designed and con?gured to optimize the clean 
ing capability and ef?ciency of its cleaning mechanisms for 
synergic operation While concomitantly minimizing or reduc 
ing the poWer requirements of such cleaning mechanisms. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide a cleaning 
device that is operable Without human intervention to clean 
designated areas. 
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Another object of the present invention is to provide such 

an autonomous cleaning device that is designed and con?g 
ured to optimize the cleaning capability and ef?ciency of its 
cleaning mechanisms for synergic operations While concomi 
tantly minimizing the poWer requirements of such mecha 
nisms. 

These and other objects of the present invention are pro 
vided by one embodiment autonomous ?oor-cleaning robot 
according to the present invention that comprises a housing 
infrastructure including a chassis, a poWer subsystem; for 
providing the energy to poWer the autonomous ?oor-cleaning 
robot, a motive subsystem operative to propel the autono 
mous ?oor-cleaning robot for cleaning operations, a control 
module operative to control the autonomous ?oor-cleaning 
robot to effect cleaning operations, and a self-adjusting clean 
ing head subsystem that includes a deck mounted in pivotal 
combination With the chassis, a brush assembly mounted in 
combination With the deck and poWered by the motive sub 
system to sWeep up particulates during cleaning operations, a 
vacuum assembly disposed in combination With the deck and 
poWered by the motive subsystem to ingest particulates dur 
ing cleaning operations, and a deck height adjusting subas 
sembly mounted in combination With the motive subsystem 
for the brush assembly, the deck, and the chassis that is 
automatically operative in response to a change in torque in 
said brush assembly to pivot the deck With respect to said 
chassis and thereby adjust the height of the brushes from the 
?oor. The autonomous ?oor-cleaning robot also includes a 
side brush assembly mounted in combination With the chassis 
and poWered by the motive subsystem to entrain particulates 
outside the periphery of the housing infrastructure and to 
direct such particulates towards the self-adjusting cleaning 
head subsystem. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present invention 
and the attendant features and advantages thereof may be had 
by reference to the folloWing detailed description of the 
invention When considered in conjunction With the accompa 
nying draWings Wherein 

FIG. 1 is a schematic representation of an autonomous 
?oor-cleaning robot according to the present invention. 

FIG. 2 is a perspective vieW of one embodiment of an 
autonomous ?oor-cleaning robot according to the present 
invention. 

FIG. 2A is a bottom plan vieW of the autonomous ?oor 
cleaning robot of FIG. 2. 

FIG. 3A is a top, partially-sectioned plan vieW, With cover 
removed, of another embodiment of an autonomous ?oor 
cleaning robot according to the present invention. 

FIG. 3B is a bottom, partially-section plan vieW of the 
autonomous ?oor-cleaning robot embodiment of FIG. 3A. 

FIG. 3C is a side, partially sectioned plan vieW of the 
autonomous ?oor-cleaning robot embodiment of FIG. 3A. 

FIG. 4A is a top plan vieW of the deck and chassis of the 
autonomous ?oor-cleaning robot embodiment of FIG. 3A. 

FIG. 4B is a cross-sectional vieW of FIG. 4A taken along 
line B-B thereof. 

FIG. 4C is a perspective vieW of the deck-adjusting subas 
sembly of autonomous ?oor-cleaning robot embodiment of 
FIG. 3A. 

FIG. 5A is a ?rst exploded perspective vieW of a dust 
cartridge for the autonomous ?oor-cleaning robot embodi 
ment of FIG. 3A. 

FIG. 5B is a second exploded perspective vieW of the dust 
cartridge of FIG. 5A. 
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FIG. 6 is a perspective vieW of a dual-stage brush assembly 
including a ?apper brush and a main brush for the autono 
mous ?oor-cleaning robot embodiment of FIG. 3A. 

FIG. 7A is a perspective vieW illustrating the blades and 
vacuum compartment for the autonomous ?oor cleaning 
robot embodiment of FIG. 3A. 

FIG. 7B is a partial perspective exploded vieW of the 
autonomous ?oor-cleaning robot embodiment of FIG. 7A. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring noW to the draWings Where like reference numer 
als identify corresponding or similar elements throughout the 
several vieWs, FIG. 1 is a schematic representation of an 
autonomous ?oor-cleaning robot 10 according to the present 
invention. The robot 10 comprises a housing infrastructure 
20, a poWer subsystem 30, a motive subsystem 40, a sensor 
subsystem 50, a control module 60, a side brush assembly 70, 
and a self-adjusting cleaning head subsystem 80. The poWer 
subsystem 30, the motive subsystem 40, the sensor subsystem 
50, the control module 60, the side brush assembly 70, and the 
self-adjusting cleaning head subsystem 80 are integrated in 
combination With the housing infrastructure 20 of the robot 
10 as described in further detail in the folloWing paragraphs. 

In the folloWing description of the autonomous ?oor 
cleaning robot 10, use of the terminology “forWard/fore” 
refers to the primary direction of motion of the autonomous 
?oor-cleaning robot 10, and the terminology fore-aft axis (see 
reference characters “FA” in FIGS. 3A, 3B) de?nes the for 
Ward direction of motion (indicated by arroWhead of the 
fore-aft axis FA), Which is coincident With the fore-aft diam 
eter of the robot 10. 

Referring to FIGS. 2, 2A, and 3A-3C, the housing infra 
structure 20 of the robot 10 comprises a chassis 21, a cover 22, 
a displaceable bumper 23, a nose Wheel subassembly 24, and 
a carrying handle 25. The chassis 21 is preferably molded 
from a material such as plastic as a unitary element that 
includes a plurality of preformed Wells, recesses, and struc 
tural members for, inter alia, mounting or integrating ele 
ments of the poWer subsystem 30, the motive subsystem 40, 
the sensor subsystem 50, the side brush assembly 70, and the 
self-adjusting cleaning head subsystem 80 in combination 
With the chassis 21. The cover 22 is preferably molded from 
a material such as plastic as a unitary element that is comple 
mentary in con?guration With the chassis 21 and provides 
protection of and access to elements/components mounted to 
the chassis 21 and/or comprising the self-adjusting cleaning 
head subsystem 80. The chassis 21 and the cover 22 are 
detachably integrated in combination by any suitable means, 
e.g., screWs, and in combination, the chassis 21 and cover 22 
form a structural envelope of minimal height having a gener 
ally cylindrical con?guration that is generally symmetrical 
along the fore-aft axis FA. 

The displaceable bumper 23, Which has a generally arcuate 
con?guration, is mounted in movable combination at the 
forWard portion of the chassis 21 to extend outWardly there 
from, i.e., the normal operating position. The mounting con 
?guration of the displaceable bumper is such that the bumper 
23 is displaced toWards the chassis 21 (from the normal 
operating position) Whenever the bumper 23 encounters a 
stationary object or obstacle of predetermined mass, i.e., the 
displaced position, and returns to the normal operating posi 
tion When contact With the stationary object or obstacle is 
terminated (due to operation of the control module 60 Which, 
in response to any such displacement of the bumper 23, 
implements a “bounce” mode that causes the robot 10 to 
evade the stationary object or obstacle and continue its clean 
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4 
ing routine, e.g., initiate a random4or Weighted-randomi 
turn to resume forWard movement in a different direction). 
The mounting con?guration of the displaceable bumper 23 
comprises a pair of rotatable support members 23RSM, 
Which are operative to facilitate the movement of the bumper 
23 With respect to the chassis 21. 
The pair of rotatable support members 23RSM are sym 

metrically mounted about the fore-aft axis PA of the autono 
mous ?oor-cleaning robot 10 proximal the center of the dis 
placeable bumper 23 in a V-con?guration. One end of each 
support member 23RSM is rotatably mounted to the chassis 
21 by conventional means, e.g., pins/doWel and sleeve 
arrangement, and the other end of each support member 
23RSM is likeWise rotatably mounted to the displaceable 
bumper 23 by similar conventional means. A biasing spring 
(not shoWn) is disposed in combination With each rotatable 
support member 23RSM and is operative to provide the bias 
ing force necessary to return the displaceable bumper 23 
(through rotational movement of the support members 
23RSM) to the normal operating position Whenever contact 
With a stationary object or obstacle is terminated. 

The embodiment described herein includes a pair of 
bumper arms 23BA that are symmetrically mounted in par 
allel about the fore-aft diameter PA of the autonomous ?oor 
cleaning robot 10 distal the center of the displaceable bumper 
23. These bumper arms 23BA do not per se provide structural 
support for the displaceable bumper 23, but rather are a part of 
the sensor subsystem 50 that is operative to determine the 
location of a stationary object or obstacle encountered via the 
bumper 23. One end of each bumper arm 23BA is rigidly 
secured to the displaceable bumper 23 and the other end of 
each bumper arm 23BA is mounted in combination With the 
chassis 21 in a manner, e.g., a slot arrangement such that, 
during an encounter With a stationary object or obstacle, one 
or both bumper arms 23BA are linearly displaceable With 
respect to the chassis 21 to activate an associated sensor, e. g., 
IR break beam sensor, mechanical sWitch, capacitive sensor, 
Which provides a corresponding signal to the control module 
60 to implement the “bounce” mode. Further details regard 
ing the operation of this aspect of the sensor subsystem 50, as 
Well as alternative embodiments of sensors having utility in 
detecting contact With or proximity to stationary objects or 
obstacles can be found in commonly-oWned, co-pending U.S. 
patent application Ser. No. 10/056,804, ?led 24 Jan. 2002, 
entitled Method and System for Multi-Mode Coverage for an 
Autonomous Robot. 
The nose-Wheel subassembly 24 comprises a Wheel 24W 

rotatably mounted in combination With a clevis member 
24CM that includes a mounting shaft. The clevis mounting 
shaft 24CM is disposed in a Well in the chassis 21 at the 
forWard end thereof on the fore-aft diameter of the autono 
mous ?oor-cleaning robot 10. A biasing spring 24BS (hidden 
behind a leg of the clevis member 24CM in FIG. 3C) is 
disposed in combination With the clevis mounting shaft 
24CM and operative to bias the nose-Wheel subassembly 24 
to an ‘extended’ position Whenever the no se-Wheel subassem 
bly 24 loses contact With the surface to be cleaned. During 
cleaning operations, the Weight of the autonomous ?oor 
cleaning robot 10 is su?icient to overcome the force exerted 
by the biasing spring 24BS to bias the nose-Wheel subassem 
bly 24 to a partially retracted or operating position Wherein 
the Wheel rotates freely over the surface to be cleaned. 
Opposed triangular or conical Wings 24TW extend outWardly 
from the ends of the clevis member to prevent the side of the 
Wheel from catching on loW obstacle during turning move 
ments of the autonomous ?oor-cleaning robot 10. The Wings 
24TW act as ramps in sliding over bumps as the robot turns. 
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Ends 25E of the carrying handle 25 are secured in pivotal 
combination With the cover 22 at the forward end thereof, 
centered about the fore-aft axis PA of the autonomous ?oor 
cleaning robot 10. With the autonomous ?oor-cleaning robot 
10 resting on or moving over a surface to be cleaned, the 
carrying handle 25 lies approximately ?ush With the surface 
of the cover 22 (the Weight of the carrying handle 25, in 
conjunction With arrangement of the handle-cover pivot con 
?guration, is suf?cient to automatically return the carrying 
handle 25 to this ?ush position due to gravitational effects). 
When the autonomous ?oor-cleaning robot 10 is picked up by 
means of the carrying handle 25, the aft end of the autono 
mous ?oor-cleaning robot 10 lies beloW the forWard end of 
the autonomous ?oor-cleaning robot 10 so that particulate 
debris is not dislodged from the self-adjusting cleaning head 
subsystem 80. 
The poWer subsystem 30 of the described embodiment 

provides the energy to poWer individual elements/compo 
nents of the motive subsystem 40, the sensor subsystem 50, 
the side brush assembly 70, and the self-adjusting cleaning 
head subsystem 80 and the circuits and components of the 
control module 60 via associated circuitry 32-4, 32-5, 32-7, 
32-8, and 32-6, respectively (see FIG. 1) during cleaning 
operations. The poWer subsystem 30 for the described 
embodiment of the autonomous ?oor-cleaning robot 10 com 
prises a rechargeable battery pack 34 such as a NiMH battery 
pack. The rechargeable battery pack 34 is mounted in a Well 
formed in the chassis 21 (siZed speci?cally for mounting/ 
retention of the battery pack 34) and retained therein by any 
conventional means, e.g., spring latches (not shoWn). The 
battery Well is covered by a lid 34L secured to the chassis 21 
by conventional means such as screws. Af?xed to the lid 34L 
are friction pads 36 that facilitate stopping of the autonomous 
?oor-cleaning robot 10 during automatic shutdoWn. The fric 
tion pads 36 aid in stopping the robot upon the robot’s 
attempting to drive over a cliff. The rechargeable battery pack 
34 is con?gured to provide suf?cient poWer to run the autono 
mous ?oor-cleaning robot 10 for a period of sixty (60) to 
ninety (90) minutes on a full charge While meeting the poWer 
requirements of the elements/ components comprising motive 
subsystem 40, the sensor subsystem 50, the side brush assem 
bly 70, the self-adjusting cleaning head subsystem 80, and the 
circuits and components of the control module 60. 

The motive subsystem 40 comprises the independent 
means that: (1) propel the autonomous ?oor-cleaning robot 
10 for cleaning operations; (2) operate the side brush assem 
bly 70; and (3) operate the self-adjusting cleaning head sub 
system 80 during such cleaning operations. Such independent 
means includes right and left main Wheel subassemblies 42A, 
42B, each subassembly 42A, 42B having its oWn indepen 
dently-operated motor 42AM, 42BM, respectively, an inde 
pendent electric motor 44 for the side brush assembly 70, and 
tWo independent electric motors 46, 48 for the self-adjusting 
brush subsystem 80, one motor 46 for the vacuum assembly 
and one motor 48 for the dual-stage brush assembly. 

The right and left main Wheel subassemblies 42A, 42B are 
independently mounted in Wells of the chassis 21 formed at 
opposed ends of the transverse diameter of the chassis 21 (the 
transverse diameter is perpendicular to the fore-aft axis PA of 
the robot 10). Mounting at this location provides the autono 
mous ?oor-cleaning robot 10 With an enhanced turning capa 
bility, since the main Wheel subassemblies 42A, 42B motor 
can be independently operated to effect a Wide range of tum 
ing maneuvers, e. g., sharp turns, gradual turns, turns in place. 

Each main Wheel subassembly 42A, 42B comprises a 
Wheel 42AW, 42B Wrotatably mounted in combination With a 
clevis member 42ACM, 42BCM. Each clevis member 42ACM, 
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6 
42BCMis pivotally mounted to the chassis 21 aft of the Wheel 
axis of rotation (see FIG. 3C Which illustrates the Wheel axis 
of rotation 42A/1R; the Wheel axis of rotation for Wheel sub 
assembly 42B, Which is not shoWn, is identical), i.e., inde 
pendently suspended. The aft pivot axis 42APA, 42BPA (see 
FIG. 3A) of the main Wheel subassemblies 42A, 42B facili 
tates the mobility of the autonomous ?oor-cleaning robot 10, 
i.e., pivotal movement of the subassemblies 42A, 42B 
through a predetermined arc. The motor 42AM, 42BM asso 
ciated With each main Wheel subassembly 42A, 42B is 
mounted to the aft end of the clevis member 42ACM, 42BCM. 
One end of a tension spring 42BTS (the tension spring for the 
right Wheel subassembly 42A is not illustrated, but is identi 
cal to the tension spring 42BTS of the left Wheel subassembly 
42A) is attached to the aft portion of the clevis member 
42BCM and the other end of the tension spring 42BTS is 
attached to the chassis 21 forWard of the respective Wheel 
42AW, 42 B W. 

Each tension spring is operative to rotatably bias the 
respective main Wheel subassembly 42A, 42B (via pivotal 
movement of the corresponding clevis member 42ACM, 
42BCMthrough the predetermined arc) to an ‘extended’ posi 
tion When the autonomous ?oor-cleaning robot 10 is removed 
from the ?oor (in this ‘extended’ position the Wheel axis of 
rotation lies beloW the bottom plane of the chassis 21). With 
the autonomous ?oor-cleaning robot 10 resting on or moving 
over a surface to be cleaned, the Weight of autonomous ?oor 
cleaning robot 10 gravitationally biases each main Wheel 
subassembly 42A, 42B into a retracted or operating position 
Wherein axis of rotation of the Wheels are approximately 
coplanar With bottom plane of the chassis 21. The motors 
42AM, 42BM of the main Wheel subassemblies 42A, 42B are 
operative to drive the main Wheels: (1) at the same speed in the 
same direction of rotation to propel the autonomous ?oor 
cleaning robot 10 in a straight line, either forWard or aft; (2) at 
different speeds (including the situation Wherein one Wheel is 
operated at Zero speed) to effect turning patterns for the 
autonomous ?oor-cleaning robot 10; or (3) at the same speed 
in opposite directions of rotation to cause the robot 10 to turn 
in place, i.e., “spin on a dime”. 
The Wheels 42AW, 42B Wof the main Wheel subassemblies 

42A, 42B preferably have a “knobby” tread con?guration 
42AM, 42BKT. This knobby tread con?guration 42AM, 
42BKTprovides the autonomous ?oor-cleaning robot 10 With 
enhanced traction, particularly When traversing smooth sur 
faces and traversing betWeen contiguous surfaces of different 
textures, e.g., bare ?oor to carpet or vice versa. This knobby 
tread con?guration 42AKT, 42BKT also prevents tufted fabric 
of carpets/rugs from being entrapped in the Wheels 42AW, 
42B and entrained betWeen the Wheels and the chassis 21 
during movement of the autonomous ?oor-cleaning robot 10. 
One skilled in the art Will appreciate, hoWever, that other tread 
pattems/con?gurations are Within the scope of the present 
invention. 
The sensor subsystem 50 comprises a variety of different 

sensing units that may be broadly characteriZed as either: (1) 
control sensing units 52; or (2) emergency sensing units 54. 
As the names imply, control sensing units 52 are operative to 
regulate the normal operation of the autonomous ?oor-clean 
ing robot 10 and emergency sensing units 54 are operative to 
detect situations that could adversely affect the operation of 
the autonomous ?oor-cleaning robot 10 (e. g., stairs descend 
ing from the surface being cleaned) and provide signals in 
response to such detections so that the autonomous ?oor 
cleaning robot 10 can implement an appropriate response via 
the control module 60. The control sensing units 52 and 
emergency sensing units 54 of the autonomous ?oor-cleaning 


















