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(57) ABSTRACT 

(73) ASSigneeI SEAROBOTICS A cleaning system includes a chassis supporting a propulsion 
CORPORATION, Palm Beach system for propelling the cleaning system across a surface. At 
Gardens, FL (U S) least one sensor of a ?rst type is coupled to the chassis, and a 

surface engagement mechanism is con?gured to maintain the 
(21) App1_ NO; 12/952,973 cleaning system coupled to the surface as the propulsion 

system propels the cleaning system across the surface. A 
(22) Filed. N0“ 23 2010 cleaning device is coupled to the chassis and con?gured to 

i ’ abrade the fouling from the surface, and a controller coupled 
. . to the chassis and in signal communication With the propul 

Related U's' Apphcatlon Data sion system and the ?rst sensor. The controller is con?gured 

(60) Provisional application No, 61 / 263,680, ?led on Nov to receive a signal from the at least one sensor of the ?rst type 
23, 2009. and control the propulsion system in response to the signal. 
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Figure 4 

Figure 5 
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Figure 11 

WYBOTICS EX1015 
Wybotics v. Zodiac 

Page 007



Patent Application Publication Jan. 12, 2012 Sheet 7 0f 18 US 2012/0006352 A1 

Figure 13 
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ROBOTIC SUBMERSIBLE CLEANING 
SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Patent Application No. 61/263,680, ?led on Nov. 23, 2009, 
the entirety of Which is herein incorporated by reference. 

STATEMENT OF GOVERNMENT INTEREST 

[0002] This invention Was made With Government support 
under contract N00167-05-M-0362 awarded by NAVSEA 
NSWC Carderock Division, contract N00014-06-C-0133 
aWarded by the Of?ce of Naval Research, contract N65538 
08-M-0158 aWarded by the Naval SeaLogistics Center 
(SBIR), and contract N00014-09-C-0852 aWarded by the 
O?ice of Naval Research. The Government may have certain 
rights in this invention. 

FIELD OF DISCLOSURE 

[0003] The disclosed system and method relate to anti 
fouling of surfaces disposed in a ?uid. More speci?cally, the 
disclosed system and method relate to a robotic cleaning 
system for cleaning a surface disposed in a ?uid. 

BACKGROUND 

[0004] Fouling, i.e., the accumulation of unWanted mate 
rial, of underWater ship hulls signi?cantly degrades the per 
formance of the ship by increasing hydrodynamic drag, 
Which reduces the ship’s maximum speed and fuel ef?ciency. 
Consequently, operating costs for ships With greater fouling 
on their hulls are greater than for ships With less fouling on 
their hulls. 
[0005] It has been estimated that the Navy Will save $30M 
$60M per year in propulsive fuel as a result of cleaning 
biofouling. Current Navy Waterborne hull cleaning methods 
include the deployment of remotely operated vehicles 
(“ROV”) that are extremely large (approximately the siZe of a 
single-person submarine) to remove the biofouling by 
aggressive cleaning methods. Although this method is more 
e?icient than dry-docking the vessels for partial or full 
removal and replacement of the vessel’s underWater hull coat 
ing system, the method is still not ideal due to the high cost of 
the ROVs and their aggressive cleaning methods that fre 
quently results in the release of toxins (Cu and Zn) into the 
surrounding Waters. 

SUMMARY 

[0006] A cleaning system is disclosed that includes a chas 
sis supporting a propulsion system for propelling the cleaning 
system across a surface. At least one sensor of a ?rst type is 
coupled to the chassis, and a surface engagement mechanism 
is con?gured to maintain the cleaning system coupled to the 
surface as the propulsion system propels the cleaning system 
across the surface. A cleaning device is coupled to the chassis 
and con?gured to abrade the fouling from the surface, and a 
controller coupled to the chassis and in signal communication 
With the propulsion system and the ?rst sensor. The controller 
is con?gured to receive a signal from the at least one sensor of 
the ?rst type and control the propulsion system in response to 
the signal. 

Jan. 12, 2012 

[0007] Also disclosed is a method of cleaning a surface of 
a hull disposed under a surface of a liquid. The method 
includes a) determining a ?rst frequency With Which to clean 
a surface of the hull, b) coupling a cleaning system according 
to claim 1 to the surface of the hull, and c) poWering on the 
cleaning system. Steps b) and c) are repeated in accordance 
With the ?rst frequency. 
[0008] In some embodiments, a cleaning system for clean 
ing hull of a vehicle beneath a surface of a liquid in Which the 
hull is submerged includes a chassis, a drive system supported 
by the chassis con?gured to move the cleaning system along 
the hull, and a surface engagement mechanism con?gured to 
maintain the cleaning system coupled to the hull of the 
vehicle as the propulsion system propels the cleaning system 
across the hull. A ?rst sensing system is supported by the 
chassis and con?gured to measure a level of chlorophyll and 
determine a level of fouling on the hull based on the level. A 
cleaning device is coupled to the chassis and con?gured to 
abrade the biofouling from the hull as the cleaning system, 
and a controller is coupled to the chassis and in signal com 
munication With the propulsion system, the ?rst sensing sys 
tem, and a plurality of navigation sensors. The controller is 
con?gured to receive data from the ?rst sensing system and 
the plurality of navigation sensors and control the propulsion 
system in response to the signal received from the sensor. 
[0009] A method of cleaning a surface of a hull disposed 
under a surface of a liquid is also disclosed in Which a clean 
ing device is coupled to a chassis and maintains in contact 
With the surface of the hull using a surface engagement 
mechanism supported by the chassis. The chassis is propelled 
across the surface of the hull by a propulsion system sup 
ported by the chassis. The surface of the hull is abraded by a 
cleaning device coupled to the chassis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 shoWs the system components of one 
example of a HullBUG cleaning system. 
[0011] FIG. 2 illustrates the HullBUG cleaning system 
With a Wireless link to a controller. 

[0012] FIG. 3 illustrates one example of a HullBUG clean 
ing system con?gured With a tether management system. 
[0013] FIG. 4 illustrates one example of a HullBUG clean 
ing system With a stationary magnetic attachment. 
[0014] FIG. 5 illustrates one example of a HullBUG clean 
ing system With magnetic Wheels. 
[0015] FIG. 6 illustrates one example of a HullBUG clean 
ing system con?gured With negative pressure device. 
[0016] FIG. 7 illustrates one example of a HullBUG clean 
ing system con?gured With a propulsion system that includes 
thrusters. 

[0017] FIG. 8 illustrates one example of a HullBUG clean 
ing system con?gured With a propulsion system that includes 
rubber Wheels. 

[0018] FIG. 9 illustrates one example of a HullBUG clean 
ing system con?gured With a propulsion system that includes 
a track system. 

[0019] FIG. 10 illustrates one example of a HullBUG 
cleaning system With a cleaning mechanism that includes a 
vertical axis brush cleaner. 

[0020] FIG. 11 illustrates one example of a HullBUG 
cleaning system With a cleaning mechanism that includes a 
horiZontal squeegee cleaner. 
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