
 

 

Petition1 Declaration2 
IV. SPECIFIC GROUNDS 
 
A. Ground 1A: Claims 1-3, 5-8, 12-14, and 19 are 
unpatentable over Cui. 
 

1. Cui 
 
Cui (EX1005), which is analogous art, discloses a pool cleaner 
with debris detection capability. Cui, Title, Abstract. Cui’s pool 
cleaner uses a camera to capture images of pool surfaces, 
compares them with pre-stored images of clean surfaces, and 
controls the cleaner’s operation based on detected debris 
levels/distributions. Id., 
Abstract, pp.5-72. 
 
 
Cui’s pool cleaner comprises a housing 4 containing various 
components including a water pump motor 2, a distance sensor 
3, a camera 5, a filter bag 6, a computer 7, sensors 8-9, a track-
type crawling mechanisms 10, brushes 11, and motors 15. Cui, 
Claim 1, pp.4-5, FIGS. 1-2 (annotated below). 
 
[images omitted] 
 
 
 

VII. SPECIFIC GROUNDS 
 
A. Ground 1A: Claims 1-3, 5-8, 12-14, and 19 are 
unpatentable over Cui. 
 
1. Cui 
 
70. Cui (EX1005), an analogous art and in the same field of 
endeavor as the ’207 Patent, discloses a pool cleaner with debris 
detection capability for use in swimming pools. Cui, Title, 
Abstract. The pool cleaner uses a CCD camera to continuously 
capture images of pool surfaces, compare them with pre-stored 
standard images of clean surfaces, and controls the cleaner’s 
operation based on detected debris levels/distributions. Id., 
Abstract, pp.5-72. 
 
71. As illustrated in FIGS. 1-2 (annotated below), Cui’s pool 
cleaner comprises a housing 4 containing various components 
including a brushless DC water pump motor 2, an infrared 
distance sensor 3, a CCD camera 5, a filter bag 6, an industrial 
control computer 7 with related software, sensors 8, 9, a  
tracktype crawling mechanisms 10, roller brushes 11, and hybrid 
stepper motors 15. Cui, Claim 1, pp.4-5, FIGS. 1-3. 
 
[images omitted] 
 

 
1 The background section on the Patent and the Priority date is also identical in the Petition and Declaration, but is not included in this 
exhibit, only the substantive arguments are.  
2 Additions/differences in the Declaration are highlighted, as all the content in the Petition can be found in the Declaration. All 
differences are minimal and non-substantive, usually being a parenthetical or citation.  
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Cui’s computer 7 processes images and generates control signals 
that adjust the crawling speed based on detected debris 
levels/distributions. Cui, pp.4-7, FIGS 5-6 (below).  
 
 
 
 
 
Greater sediment/debris levels produce larger grayscale  
differences, causing computer 7 to adjust speed of motors 15 via 
relay board 20, controlling crawling speed and cleaning force. 
Id. 
 
[images omitted] 
 
 
 
 
 

2.  Claim 1 
 
Cui discloses or suggests Claim 1.  ¶¶74-100. 
 
 

a.  1[pre] 
 
 
Cui discloses or suggests 1[pre]. Janét, ¶¶75-78. 
 
Cui discloses a system designed for pools, including an 
underwater cleaning vehicle with a track-type crawling 
mechanisms 10 powered by a motors 15 and a computer 7 that 

72. As illustrated in FIGS. 5-6, computer 7 is connected to 
camera 5 through image acquisition card 21 and processes the 
captured images to generate control signals that adjust the 
crawling speed based on detected debris levels/distributions. 
Cui, pp.4-7, FIGS. 5-6. Image acquisition card 21 connects to 
camera 5; stepper motor control card 18 connects to motors 15. 
Id. Camera 5 captures images that undergo A/D conversion and 
comparison with standard images stored on computer 7. Id. 
Greater sediment/debris levels produce larger grayscale 
differences, causing computer 7 to adjust speed of motor 15 via 
relay board 20, controlling crawling speed and cleaning force. 
Id. 
 
[images omitted] 
 
73.  Human-machine interface 16 of computer 7 displays pool 
area with different colors to indicate cleaned areas and areas to 
be cleaned, sensor values, and control switches. Cui, p.6, FIG. 4. 
 

2.  Claim 1 
 
74. In my opinion, Cui discloses or suggests Claim 1. 
 
             a.   1[pre] “A self-propelled pool cleaning system for 
            cleaning debris from a submerged surface of a 
            swimming pool, comprising:” 
 
75. In my opinion, Cui discloses or suggests 1[pre]. 
 
76. Cui discloses a system designed for “professional or 
commercial swimming pools,” including an underwater cleaning 
vehicle with track-type crawling mechanisms 10 powered by 
hybrid stepper motor 15 and a computer 7 that processes sensor 
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processes sensor data and controls the vehicle. Cui, Abstract, 
Claim 1, pp.5-7, FIGS. 1-2, 6 (annotated below). 
 
[images omitted]  
 
Cui’s cleaning vehicle is self-propelled, because under computer 
7’s control, motors 15 drive crawling mechanisms 10 to move it 
across pool surfaces. Cui, Claim 1, pp.5-6. Janét, ¶77. 
 
 
Cui’s system detects debris by capturing images with camera 5 
and comparing them (via computer 7) with “pre-stored standard 
image information of a clean pool bottom”—“when there is a lot 
of sediment at the pool bottom, the grayscale level of the real-
time captured image(s) is greatly different from the grayscale 
level of the original standard image(s).” Cui, Abstract, pp.4-7. 
Cui’s system collects and cleans debris using “roller brush (11),” 
“water pump motor (2),” and “filter bag (6).” Cui, Claim 1, pp.5-
7; Janét, ¶78. 
 
               b. 1[a] 
 
Cui discloses or suggests 1[a]. Janét, ¶¶79-80. 
 
Cui’s pool cleaner includes a vehicle body, including housing 4 
withpropulsion mechanisms (track-type crawling mechanisms 
10, motors 15), cleaning components (motor 2, brushes 11, filter 
6), and sensors (camera 5). Cui, Claim 1, pp.5-6, FIG.1 
(annotated below); Janét, ¶¶80. 
 
[images omitted] 
 
 

data and controls the vehicle. Cui, Abstract, Claim 1, pp.5-7, 
FIGS. 1-2, 6 (annotated below). 
 
[images omitted] 
 
77. Cui’s cleaning vehicle is self-propelled because under the 
control of computer 7, motors 15 drive track-type crawling 
mechanisms 10 to move it across pool surfaces. Cui, Claim 1, 
pp.5-6. 
 
78. Cui’s system detects debris by capturing images with camera 
5 and comparing them (via computer 7) with “pre-stored 
standard image information of a clean pool bottom”—“when 
there is a lot of sediment at the pool bottom, the grayscale level 
of the real-time captured image(s) is greatly different from the 
grayscale level of the original standard image(s).” Cui, Abstract, 
pp.4-7. Cui’s system collects and cleans debris using “roller 
brush (11),” “brushless DC water pump motor (2),” and “filter 
bag (6).” Cui, Claim 1, pp.5-7. 
 
               b. 1[a] “a. a vehicle body” 
 
79. In my opinion, Cui discloses or suggests 1[a]. 
 
80. Cui’s pool cleaner includes a vehicle body, at least in the 
form of housing 4 with integrated propulsion mechanisms 
(track-type crawling mechanisms 10, motors 15), cleaning 
components (motor 2, brushes 11, filter 6), and sensors (camera 
5). Cui, Claim 1, pp.5-6, FIG.1 (annotated below). POSITAs 
would have understood this assembled structure is the claimed 
“vehicle body” that travels within the pool. Specifically, 
POSITAs would have recognized that in the context of mobile 
robotics, a “vehicle body” constitutes the central chassis or 
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               c. 1[b] 
 
 
Cui discloses or suggests 1[b]. Janét, ¶¶81-84. 
 
Limitation 1[b] invokes §112(f)/⁋6. As explained in §III.D, the 
recited function is “moving the vehicle body within the 
swimming pool,” and the corresponding structures include 
“wheels, rollers, tracks, other surface contacting members 
powered by a motor.” EX1001, 3:33-45, 10:15-17, FIGS.9-10; 
Janét, ¶82. 
 
Cui discloses track-type crawling mechanisms 10 powered by 
motors 15.  Cui, Claim 1, pp.5-6, FIGS. 1-2 (annotated below). 
Motors 15 are mounted on both sides of sealed motor cover 1, 
and track-type crawling mechanisms 10 are mounted at front and 
rear ends of housing 4. Id.; Janét, ¶83. 
 
[images omitted]                
 
 
 
A POSITA would have understood that Cui’s track-type 
crawling mechanisms 10 powered by motors 15 are substantially 

structural frame upon which propulsion and functional payloads 
are mounted. Here, housing 4 provides the necessary structural 
integrity to hold the drive tracks (1) and cleaning pump (2) 
in a fixed spatial relationship, thereby defining the physical form 
of the “vehicle” that navigates the pool. 
 
[images omitted] 
 

c.  1[b] “b. means for moving the vehicle body 
within the swimming pool” 

 
81. In my opinion, Cui discloses or suggests 1[b]. 
 
82. The format and content of 1[b] invokes 35 U.S.C. §112(f). 
As explained in §VI.C, the recited function is “moving the 
vehicle body within the swimming pool,” and the corresponding 
structures are “wheels, rollers, tracks, other surface contacting 
members powered by a motor, a vacuum, or a liquid jet.” 
EX1001, 3:33- 45, 10:15-17, FIGS.9-10. 
 
83. Cui discloses moving the vehicle body within the swimming 
pool.  Specifically, Cui discloses track-type crawling 
mechanisms 10 powered by motors 15. Cui, Claim 1, pp.5-6, 
FIGS. 1-2 (annotated below). Motors 15 are mounted on both 
sides of sealed motor cover 1, and track-type crawling 
mechanisms 10 are mounted at front and rear ends of housing 4. 
Id. 
 
[images omitted] 
 
84. A POSITA would have understood that Cui’s track-type 
crawling mechanisms 10 powered by hybrid stepper motors 15 
are substantially the same as the ’207 Patent’s disclosed 
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the same as the ’207 Patent’s disclosed “tracks...powered by a 
motor.” Janét, ¶84.  
 
 
 
 
 
 
 
 
Cui’s structure performs the claimed function, because motors 
15 drive track-type crawling mechanisms 10, which propel the 
vehicle body within the pool. Cui, pp.5-7, FIGS. 1-3; EX1001, 
3:33-45; Janét, ¶84 
 
 
               d. 1[c] 
 
Cui discloses or suggests 1[c]. Janét, ¶¶85-86. 
 
Cui’s system includes filter bag 6 and water pump motor 2. Cui, 
Claim 1, p.6, FIG.1 (annotated below).  
 
 
A POSITA would have understood that Cui’s pump motor 2 
draws water containing debris from pool surfaces by suction and 
filter bag 6 retains this collected debris, while allowing clean 
water to pass through. Janét, ¶86.  Thus, Cui’s filter bag 6 is a 
filter that retains debris collected from the submerged surface. 
Id. 
 
[images omitted] 
 

“tracks...powered by a motor”—both are motor-powered track 
systems that contact pool surfaces to propel the vehicle body. 
Specifically, a POSITA would have recognized that Cui's 
mechanism functions identically to the disclosed structure in the 
’207 Patent by utilizing an electric motor to drive a 
continuous, surface-contacting belt (the track) to generate 
traction against the pool floor. Because Cui employs the exact 
“tracks” and “motor” components identified as corresponding 
structure in the ’207 Patent, a POSITA would have regarded 
Cui’s structure as structurally identical to the means claimed. 
Cui’s structure performs the claimed function because motors 15 
drive track-type crawling mechanisms 10, which contact pool 
surfaces and propel the vehicle body within the swimming pool. 
Cui, pp.5-7, FIGS. 1-3; EX1001, 3:33-45. 
 

d. 1[c] “c. a filter configured to retain debris 
      collected from the submerged surface” 

 
85. In my opinion, Cui discloses or suggests 1[c]. 
 
86. Cui’s system includes a filter configured to retain debris 
collected from the submerged surface, at least in the form of 
filter bag 6, which is in the water circulation system including 
brushless DC water pump motor 2. Cui, Claim 1, p.6, 
FIG.1 (annotated below). A POSITA would have understood 
that Cui’s pump motor 2 draws water containing debris from 
pool surfaces by suction and filter bag 6 retains this collected 
debris, while allowing clean water to pass through. A POSITA 
would have recognized that the specific arrangement of a “filter 
bag” within the “water circulation” path driven by the pump is 
the standard mechanism for debris retention in this field. A 
POSITA would have understood that as the pump generates the 
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               e. 1[d] 
 
Cui discloses or suggests 1[d]. Janét, ¶¶87-90. 
 
Cui’s pool cleaner includes camera 5 positioned at the upper 
front end of housing 4 to observe pool surfaces ahead of the 
cleaner. Cui, Claim 2, FIG.1 (annotated below), pp.5-6; Janét, 
¶88. 
 
[images omitted] 
 
Cui’s camera “continuously captures images of areas to be 
cleaned located directly in front and below a crawling direction 
of the cleaner,” including images showing “sediment at the pool 
bottom.” Cui, pp.6-7; Janét, ¶89. 
 
A POSITA would have understood that Cui’s camera captures 
images of “at least a first object within the swimming pool” 
because the camera observes the pool bottom surface and 
debris/sediment on that surface (both are physical objects within 
the pool), and these surfaces and debris are within the swimming 
pool as the cleaner operates while submerged. Janét, ¶90. 
 
 
 

necessary suction to lift sediment from the “pool bottom” (the 
submerged surface), the filter bag functions as a permeable 
barrier that physically entraps solid particulates while permitting 
the liquid medium to recirculate, thereby “retaining” the debris 
as claimed. 
 
[images omitted] 
 

e. 1[d] “d. at least one camera for capturing an image  
of at least a first object within the swimming pool” 

 
87. In my opinion, Cui discloses or suggests 1[d]. 
 
88. Cui’s pool cleaner includes camera 5 positioned at the upper 
front end of housing 4 to observe pool surfaces ahead of the 
cleaner. Cui, Claim 2, FIG.1 (annotated below), pp.5-6. 
 
 
[images omitted] 
 
89. Cui’s camera “continuously captures images of areas to be 
cleaned located directly in front and below a crawling direction 
of the cleaner,” including images showing “sediment at the pool 
bottom.” Cui, pp.6-7. 
 
90. A POSITA would have understood that Cui’s camera 
captures images of “at least a first object within the swimming 
pool” because the camera observes the pool bottom surface and 
debris/sediment on that surface (both are physical objects within 
the pool), and these surfaces and debris are within the swimming 
pool as the cleaner operates while submerged. Furthermore, a 
POSITA would have recognized that the “sediment” or “debris” 
detected by Cui constitutes a physical “object” distinct from the 
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               f. 1[e][i] 
 
 
Cui discloses or suggests 1[e][i]. Janét, ¶¶91-94. 
 
Cui’s FIGS. 5-6 (annotated below) shows computer 7 
(controller) connected to camera 5 through image acquisition 
card 21. Cui, p.6, FIGS. 5-6. 
 
[images omitted] 
 
Cui’s camera 5 captures images of pool surfaces and debris. Cui, 
pp.6-7; Janét, ¶93. Cui’s computer 7 processes these captured 
images. Id. Specifically, Cui describes that during operation, 
“the video signal undergoes A/D conversion through the high-
speed image acquisition card 21 and...is compared with the 
original standard image(s) of the pool bottom stored in the 
industrial control computer 7.”  Cui, pp.6-7; Janét, ¶93. 
Computer 7 processes the camera images to determine debris 
levels and generates control signals for the vehicle’s motors. Id. 
A POSITA would have understood that Cui’s computer 7 is “in 
electronic communication with” camera 5, because it receives 
camera images (via image acquisition card 21) to process them 
and determine debris levels. Id. 
 

water medium. Because Cui describes analyzing the “grayscale 
level” of these features to distinguish them from a “clean pool 
bottom,” the camera necessarily captures an optical 
representation (an image) of these physical entities. Thus, 
whether the "first object" is identified as the debris particles 
themselves or the specific section of the pool floor being 
inspected, Cui's camera functionality satisfies this limitation. 
 

f. 1[e][i] “e. a controller (i) in electronic 
communication with the at least one camera and” 

 
91. In my opinion, Cui discloses or suggests 1[e][i]. 
 
92. Cui’s FIGS. 5-6 (annotated below) shows computer 7 
(controller) connected to camera 5 through image acquisition 
card 21. Cui, p.6, FIGS. 5-6. 
 
[images omitted] 
 
93. Cui’s camera 5 captures images of pool surfaces and debris. 
Cui, pp.6- 7. Cui’s computer 7 processes these captured images. 
Id. Specifically, Cui describes that during operation, “the video 
signal undergoes A/D conversion through the highspeed 
image acquisition card 21 and...is compared with the original 
standard image(s) of the pool bottom stored in the industrial 
control computer 7.” Id.  Computer 7 processes the camera 
images to determine debris levels and generates control signals 
for the vehicle’s motors. Id. A POSITA would have understood 
that Cui’s computer 7 is “in electronic communication with” 
camera 5 because computer 7 receives camera images (via image 
acquisition card 21) to process them and determine debris levels. 
A POSITA would have recognized that the transmission of 
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               g. 1[e][ii] 
 
Cui discloses or suggests 1[e][ii]. Janét, ¶¶95-99. 
 
As explained in §IV.A.2.f (1[e][i]), Cui’s computer 7 
(controller) processes images from camera 5 and generates 
control signals in response to the images. Specifically, Cui 
describes that computer 7 compares captured images with stored 
standard images to identify sediment/debris—“when there is a 
lot of sediment at the pool bottom, the grayscale level of the 
real-time captured image(s) is greatly different from the 
grayscale level of the original standard image(s), resulting in a 
high comparison output voltage.” Cui, pp.6-7; Janét, ¶96. Based 
on this image-derived voltage signal corresponding to debris 
levels, “[a] pulse signal command output after processing goes 
through the relay terminal board 20 to separately control 
the drive of the two hybrid stepper motors 15.” Id. These are 
“control signal[s]” generated “in response to the captured 
image.” Id. 
 

a “video signal” to an “image acquisition card” for “A/D 
conversion” (analog-to-digital conversion) constitutes a 
definitive form of electronic communication 
involving the transfer of data. Cui, pp.6-7. A POSITA would 
have understood that for the controller to perform the described 
comparison between live footage and stored images, there must 
be an active electronic data pathway transmitting the visual 
information from the camera sensor to the processor. 
 

g. 1[e][ii] “(ii) configured to generate, in response to 
the captured image, at least one control signal to 
cause movement of the body within the swimming 
pool to, or away from, the first object.” 

 
94. In my opinion, Cui discloses or suggests 1[e][ii]. 
 
95. As explained in §VII.A.2.f (1[e][i]), Cui’s computer 7 
(controller) processes images from camera 5 and generates 
control signals in response to the captured images. Specifically, 
Cui describes that computer 7 compares captured images with 
stored standard images to identify sediment/debris—“when there 
is a lot of sediment at the pool bottom, the grayscale level of the 
real-time captured image(s) is greatly different from the 
grayscale level of the original standard image(s), resulting in a 
high comparison output voltage.” Cui, pp.6-7. Based on this 
image-derived voltage signal corresponding to debris levels, “[a] 
pulse signal command output after processing goes through the 
relay terminal board 20 to separately control the drive of the two 
hybrid stepper motors 15.” Cui, pp.6-7. These are “control 
signal[s]” generated “in response to the captured image.” 
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As explained in §IV.A.2.c (1[b]), motors 15 drive track-type 
crawling mechanisms 10 that move the vehicle body. Janét, ¶97. 
The control signals adjust motor speed, thereby controlling 
movement. Cui, Abstract, pp.6-7; Janét, ¶97. 
 
Cui’s control signals cause movement “to...the first object.” 
Janét, ¶98. As explained in §IV.A.2.e (1[d]), the “first object” 
includes debris or an area on a pool surface. Id. Camera 5 
captures images “of the areas to be cleaned located directly in  
front and below the crawling direction of the cleaner.” Cui, 
Abstract, pp.5-7; Janét, ¶98. These are images of debris ahead of 
the cleaner. Id. When the controller generates control signals 
adjusting movement speed based on detected debris in an 
area of a pool surface in these forward-looking images, the robot 
continues moving forward toward the detected debris location—
i.e., the control signals cause movement “to” the first object 
(debris or area of a pool surface). Id. 
 
The claim limitation uses the disjunctive “or” between “to” and 
“away from,” meaning the limitation is satisfied by teaching 
either alternative. Because Cui teaches control signals that cause 
movement “to” the first object, Cui discloses or suggests this 
element. Janét, ¶99. 
 
 
 
 
 
 
 
 
 

3.  Claim 2 

96. As explained in §VII.A.2.c (1[b]), motors 15 drive track-type 
crawling mechanisms 10 that move the vehicle body. The 
control signals adjust motor speed, thereby controlling 
movement. Cui, Abstract, pp.6-7. 
 
97. Cui’s control signals cause movement “to...the first object.” 
As explained in §VII.A.2.e (1[d]), the “first object” includes 
debris or an area on a pool surface. Camera 5 captures images 
“of the areas to be cleaned located directly in front and below 
the crawling direction of the cleaner.” Cui, Abstract, pp.5-7. 
These are images of debris ahead of the cleaner. Id. When the 
controller generates control signals adjusting movement speed 
based on detected debris in an area of a pool surface in these 
forward-looking images, the robot continues moving forward 
toward the detected debris location—i.e., the control signals 
cause movement “to” the first object (debris or an area of a pool 
surface). 
 
98. The claim limitation uses the disjunctive “or” between “to” 
and “away from,” meaning the limitation is satisfied by teaching 
either alternative. Because Cui teaches at least control signals 
that cause movement “to” the first object, Cui discloses or 
suggests this element. A POSITA would have understood or 
found it obvious that Cui's robotic cleaner travels "to" the debris 
it detected in order to remove it. Since Cui's camera looks 
forward and the controller drives the motors to advance the 
vehicle over the detected debris, a POSITA would have 
recognized that these control signals cause movement directed 
“to” that first object, thereby satisfying this claim limitation. 
 
99. Therefore, in my opinion, Cui renders Claim 1 obvious. 
 

3.  Claim 2 
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Cui discloses or suggests Claim 2. Janét, ¶¶100-115. 
 

a. 2[pre] 
 
Cui discloses or suggests 2[pre]. Janét, ¶¶101-102. 
 
Cui discloses a pool cleaning system designed for “professional 
or commercial swimming pools” comprising an underwater 
cleaning vehicle with camera 5, computer 7, sensors, motors, 
and cleaning mechanisms operating within a swimming pool. 
Cui, Title, Abstract, Claim 1, pp.5-7, FIGS. 1-6; Janét, ¶102; see 
also §IV.A.2.a (1[pre]). 
 
               b. 2[a] 
 
 
Cui discloses or suggests 2[a]. Janét, ¶¶103-104. 
 
Cui discloses a piece of equipment for a swimming pool in the 
form of the pool cleaner, which is designed for “professional or 
commercial swimming pools” and includes camera 5, motors, 
filter bag 6, roller brushes 11, and other cleaning components 
operating within the swimming pool. Cui, Title, Abstract, Claim 
1, pp.5-7, FIGS.1-3; Janét, ¶104; §IV.A.2.a (1[pre]). 
 
               c. 2[b] 
 
 
 
Cui discloses or suggests 2[b]. Janét, ¶¶105-107. 
 

 
100. In my opinion, Cui discloses or suggests Claim 2. 
 
            a. 2[pre] “A pool system comprising” 
 
101. In my opinion, Cui discloses or suggests 2[pre]. 
 
102. Cui discloses a pool cleaning system designed for 
“professional or commercial swimming pools” comprising an 
underwater cleaning vehicle with camera 5, computer 7, sensors, 
motors, and cleaning mechanisms operating within a swimming 
pool. Cui, Title, Abstract, Claim 1, pp.5-7, FIGS. 1-6; see also 
§VII.A.2.a (element 1[pre]). 
 

b.2[a] “at least one piece of equipment for a 
swimming pool or spa” 

 
103. It is my opinion that Cui discloses or suggests 2[a]. 
 
104. Cui discloses a piece of equipment for a swimming pool in 
the form of the pool cleaner, which is designed for “professional 
or commercial swimming pools” and includes camera 5, motors, 
filter bag 6, roller brushes 11, and other cleaning components 
operating within the swimming pool. Cui, Title, Abstract, 
Claim 1, pp.5-7, FIGS.1-3; see also §VII.A.2.a (element 1[pre]). 
 

b. 2[b] “one or more cameras configured to capture 
video or images of at least a portion of a location 
including the swimming pool or spa” 

 
105. It is my opinion that Cui discloses or suggests 2[b]. 
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Cui’s pool cleaner includes camera 5, which “continuously 
captures images of areas to be cleaned located directly in front 
and below a crawling direction of the cleaner.” Cui, p.5, FIGs.1 
(annotated below), 3; Janét, ¶106; §IV.A.2.e (1[d]). 
 
[images omitted] 
 
 
A POSITA would have understood that these “areas to be 
cleaned” on the pool bottom constitute “a portion of a location 
including the swimming pool” because the pool bottom is a 
physical surface within the “swimming pool.” Janét, ¶107. 
 
  
            
 
 
 
 
 
 
 
          d. 2[c][i] 
 
Cui discloses or suggests 2[c][i]. Janét, ¶¶108-111. 
 
Cui’s FIGS. 5-6 (annotated below) shows industrial control 
computer 7 (controller) connected to pool cleaner components, 
including CCD camera 5, stepper motors 15, sensors, and 
brushless DC water pump motor 2, via interface cards including 
image acquisition card 21, relay terminal board 20, and three 
axis stepper motor control card 18. Cui, pp.5-6, FIGS. 5-6. 
 

106. Cui’s pool cleaner includes camera 5, which “continuously 
captures images of areas to be cleaned located directly in front 
and below a crawling direction of the cleaner.” Cui, p.5, FIGs.1 
(annotated below), 3; see also §VII.A.2.e (element 
1[d]). 
 
[images omitted] 
 
107. A POSITA would have understood that these “areas to be 
cleaned” on the pool bottom constitute “at least a portion of a 
location including the swimming pool” because the pool bottom 
is a physical surface within the “swimming pool.” A POSITA 
would have recognized that the “pool bottom” is a defining 
structural component of the swimming pool’s location. 
Therefore, by capturing images of this surface to detect 
sediment, Cui’s camera is operationally configured to image a 
specific “portion” of the pool environment, thereby satisfying 
the limitation. 
 
 

c. 2[c][i] “a controller in communication with the at 
least one piece of equipment and the one or more 
cameras,” 

 
108. In my opinion, Cui discloses or suggests 2[c][i]. 
 
109. Cui discloses a controller at least in the form of industrial 
control computer 7. Cui’s FIGS. 5-6 (annotated below) shows 
industrial control computer 7 connected to pool cleaner 
components, including CCD camera 5, stepper motor 15, 
sensors, and brushless DC water pump motor 2, via interface 
cards including image acquisition card 21, relay terminal 
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[images omitted] 
 
 
 
 
Cui’s computer 7 is “connected to the pool cleaner through the 
cable assembly 12 and the plug assembly 14.” Cui, pp.5-6, 
FIGS. 1-2 (annotated below); Janét, ¶110. Computer 7 is in 
communication with the pool cleaner (the equipment; see 
§IV.A.3.b) also because computer 7 controls the cleaner’s 
motors based on processed sensor data—“[a] pulse signal 
command output after processing …to separately control the 
drive of the two hybrid stepper motors 15.” Cui, pp.6-7; Janét, 
¶110. 
  
[images omitted] 
 
Computer 7 is in electronic communication with camera 5, 
because it receives and processes camera images through image 
acquisition card 21. Cui, pp.4-7, Claim 3; Janét, ¶111; see also 
§IV.A.2.f (1[e][i]). 
 
    
 
 
 
            e. 2[c][ii] 
 
Cui discloses or suggests 2[c][ii]. Janét, ¶¶112-114. 
 
Specifically, Cui’s computer 7 (controller) receives images 
(visual data) from camera 5 through image acquisition card 21. 
Cui, pp.4-5, FIGS. 5-6; Janét, ¶113; see also in §IV.A.2.f 

board 20, and three-axis stepper motor control card 18. Cui, 
pp.5-6, FIGS. 5-6. 
 
[images omitted] 
 
110. The industrial control computer 7 is “connected to the pool 
cleaner through the cable assembly 12 and the plug assembly 
14.” Cui, pp.5-6, FIGS. 1-2 (annotated below). Computer 7 is in 
communication with the pool cleaner (the equipment, as 
established in §VII.A.3.b element 2[b]) also because computer 7 
controls the cleaner’s motors based on processed sensor data—
“[a] pulse signal command output after processing goes through 
the relay terminal board 20 to separately control the drive of the 
two hybrid stepper motors 15.” Cui, pp.6-7. 
 
[images omitted] 
 
111. Computer 7 is in electronic communication with camera 5 
because computer 7 receives and processes camera images 
through image acquisition card 21. Cui, pp.4-7, Claim 3; see 
also §VII.A.2.f (1[e][i]). 
 

d. 2[c][ii] “the controller configured to receive visual 
data from the one or more cameras and 
determine a control action for the at least one 
piece of equipment based on the received visual 
data” 

 
112. It is my opinion that Cui discloses or suggests 2[c][ii]. 
 
113. Specifically, Cui’s computer 7 (controller) receives images 
(visual data) from camera 5 through image acquisition card 21. 
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(1[e][i]), §IV.A.3.d (2[c][i]). Then, Cui’s computer 7 processes 
the images (visual data) to determine debris levels—“when there 
is a lot of sediment at the pool bottom, the grayscale level of the 
real-time captured image(s) is greatly different from the 
grayscale level of the original standard image(s), resulting in a 
high comparison output voltage.” Cui, pp.6-7; Janét, ¶113; see 
also §IV.A.2.g (1[e][ii]). 
 
 
 
Based on the received visual data, Cui’s controller 7 determines 
a control action for the pool cleaner (equipment), e.g., 
adjustment of the cleaner’s motor/crawling speed. Cui, pp.6-7; 
Janét, ¶114; see also §IV.A.2.g (1[e][ii]). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       4. Claim 3 
 
Claim 3 depends from Claim 2. Cui discloses or suggests Claim 
3. Janét, ¶¶116-119. 

Cui, pp.4-5, FIGS. 5-6; see also in §VII.A.2.f (element 1[e][i]), 
§VII.A.3.d (element 2[c][i]). Then, Cui’s computer 
7 processes the images (visual data) to determine debris levels—
“when there is a lot of sediment at the pool bottom, the grayscale 
level of the real-time captured image(s) is greatly different from 
the grayscale level of the original standard image(s), resulting in 
a high comparison output voltage.” Cui, pp.6-7; see also 
§VII.A.2.g (element 1[e][ii]). 
 
 
114. Based on the received visual data, Cui’s controller 7 
determines a control action for the pool cleaner (equipment), 
e.g., an adjustment of the cleaner’s motor/crawling speed. Cui, 
pp.6-7; see also §VII.A.2.g (element 1[e][ii]). A POSITA 
would have recognized that this mechanism establishes the 
claimed functional dependency, as the specific magnitude of the 
motor speed adjustment (the control action) is calculated directly 
from the grayscale comparison of the captured images (the 
visual data), thereby ensuring the action is determined based on 
that data. 
 
115. Therefore, in my opinion, Cui renders Claim 2 obvious. 
 

4. Claim 3 (“The pool system of claim 2, wherein the at 
 least one piece of equipment comprises a cleaning 
device with one or more propulsion mechanisms, the 
cleaning device configured to travel adjacent to 
submerged or water-containing surfaces of the 
swimming pool or spa and to perform a cleaning 
operation.”) 

 
116. Claim 3 depends from Claim 2. It is my opinion that Cui 
discloses or suggests Claim 3. 

Patent Owner Zodiac Pool Systems LLC 
Exhibit 2021 - Page 13 of 99



 

 

 
Cui’s pool cleaner (equipment) is a cleaning device that includes 
track-type crawling mechanisms 10 and hybrid stepper motors 
15 (propulsion mechanisms), roller brushes 11, water pump 
motor 2, and filter bag 6 for cleaning operations. Cui, Title, 
Claim 1, pp.4-6; Janét, ¶117; see also §IV.A.3.b (2[a]). 
 
POSITA would have understood that Cui’s pool cleaner is 
“configured to travel adjacent to submerged or water-containing 
surfaces and to perform a cleaning operation” because it travels 
on pool bottoms and walls, and removes debris from pool 
surfaces as it travels, and these surfaces are submerged when the 
pool is filled with water. Janét, ¶¶118-119; see also §IV.A.2.a 
(1[pre]), §IV.A.3.b (2[a]). 
 
 
 
 
 
 
 
 
 
     5. Claim 5 
 
Claim 5 depends from Claim 2. Cui discloses or suggests Claim 
5. Janét, ¶¶120-123. 
 
Cui describes that its camera 5 is “mounted at the upper front 
end of the housing 4” of the cleaner (equipment). Cui, pp.5-6, 
FIG.1 (annotated below); Janét, ¶¶121-122. 
 
[images omitted] 

 
117. Cui’s pool cleaner (equipment) is a cleaning device with 
track-type crawling mechanisms 10 and hybrid stepper motors 
15 (propulsion mechanisms) that include roller brushes 11, water 
pump motor 2, and filter bag 6 for cleaning operations. Cui, 
Title, Claim 1, pp.4, 6; see also §VII.A.3.b (2[a]). 
 
118. A POSITA would have understood that Cui’s pool cleaner 
is “configured to travel adjacent to submerged or water-
containing surfaces and to perform a cleaning operation” 
because it travels on pool bottoms and walls, and removes debris 
from pool surfaces as it travels, and these surfaces are 
submerged when the pool is filled with water. See §VII.A.2.a 
(1[pre]), §VII.A.3.b (2[a]). A POSITA would have recognized 
that for the roller brushes and suction intake to effectively 
remove debris as disclosed, the vehicle body remains in close 
proximity (adjacent) to the pool floor or walls throughout its 
traversal. 
 
119. Therefore, in my opinion, Cui renders Claim 3 obvious. 
 

5. Claim 5 (“The pool system of claim 2, wherein the one 
orr more cameras are mounted on the at least one 
piece of equipment.”) 

 
120. Claim 5 depends from Claim 2. In my opinion, Cui 
discloses or suggests Claim 5. 
 
121. Cui describes that its camera 5 is “mounted at the upper 
front end of the housing 4” of the cleaner (equipment). Cui, 
pp.5-6, FIG.1 (annotated below). 
 
[images omitted] 
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Because camera 5 is mounted on housing 4 (part of the pool 
cleaner), camera 5 is mounted on the equipment as claimed. Cui, 
pp.5-6, Claim 1, FIG.1; Janét, ¶122. 
 
 
 
 
 
     6.  Claim 6 
 
Claim 6 depends from Claim 2. Cui discloses or suggests Claim 
6. Janét, ¶¶124-126. 
 
Cui’s pool cleaner operates within filled pools to clean pool 
surfaces. Cui, Claim 1, p.7; Janét, ¶125; see also §IV.A.2.a 
(1[pre]). Cui’s camera 5 is mounted on the pool cleaner. Cui, 
pp.5-6; FIG.1, Janét, ¶125; see also §IV.A.5 (Claim 5). 
Therefore, a POSITA would have understood that camera 5 is 
“submergible or submerged within the swimming pool” because 
it is mounted on the pool cleaner that operates submerged within 
the swimming pool. Janét, ¶125. 
 
 
 
 
 
 
 
 
 
       7. Claim 7 
 

 
122. Because camera 5 is mounted on housing 4, which is part of 
the pool cleaner, camera 5 is mounted on the equipment as 
claimed. Cui, pp.5-6, Claim 1, FIG.1. 
 
123. Therefore, in my opinion, Cui renders Claim 5 obvious. 
 

6. Claim 6 (“The pool system of claim 2, wherein the 
 one or more cameras are submergible or submerged 
within the swimming pool or spa.”) 

 
124. Claim 6 depends from Claim 2. In my opinion, Cui 
discloses or suggests Claim 6. 
 
125. Cui’s pool cleaner operates within filled pools to clean pool 
surfaces. Cui, Claim 1, p.7; see also §VII.A.2.a (1[pre]). Cui’s 
camera 5 is mounted on the pool cleaner. Cui, pp.5-6; FIG.1; see 
also §VII.A.5 (Claim 5). Hence, a POSITA would have 
understood that camera 5 is “submergible or submerged within 
the swimming pool” because it is mounted on the pool cleaner 
that operates submerged within the swimming pool. A POSITA 
would have understood that because the camera is an integral 
sensor fixed to the chassis of a robot designed for underwater 
operation, it is configured to be “submerged” during use. 
 
126. Therefore, in my opinion, Cui renders Claim 6 obvious. 
 

7. Claim 7 (“The pool system of claim 2, wherein the 
            controller is configured to detect a characteristic of  
            the  location based on the visual data and control the 
            piece of equipment based on the detected   
            characteristic.”) 
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Claim 7 depends from Claim 2. Cui discloses or suggests Claim 
7. Janét, ¶¶127-129. 
 
Cui’s computer 7 (controller) processes images to detect debris 
level/distribution on the pool area to be cleaned, and control the 
cleaner (equipment), e.g., its moving speed, based on detected 
debris level/distribution. Cui, pp.5-7, FIGS. 5-6; Janét, ¶128; see 
also §IV.A.3.e (2[c][ii]). A POSITA would have understood 
this debris level/distribution is a “characteristic of the location” 
because it describes the physical state—i.e., the cleanliness—of 
that pool area. Janét, ¶128. 
 
 
 
 
 
 
 
 
 
       8. Claim 8 
 
Claim 8 depends from Claim 7, which depends from Claim 2. 
Cui discloses or suggests Claim 8. Janét, ¶¶130-135. 
 
               a. 8[a] 
 
 
 
Cui discloses or suggests 8[a]. Janét, ¶¶130-131. Cui’s computer 
7 (controller) detects debris level/distribution (characteristic) on 
pool surfaces by comparing captured images with stored “clean 
surface” standard images. Cui, pp.5-7; Janét, ¶131; see also 

127. Claim 7 depends from Claim 2. In my opinion, Cui 
discloses or suggests Claim 7. 
 
128. Cui’s computer 7 (controller) processes images to detect 
debris level/distribution on the pool area to be cleaned, and 
control the cleaner (equipment), e.g., its moving speed, based on 
detected debris level/distribution. Cui, pp.5-7, FIGS. 
5-6; see also §VII.A.3.e (2[c][ii]). A POSITA would have 
understood this debris level/distribution is a “characteristic of 
the location” because it describes the physical state—i.e., the 
cleanliness—of that pool area. A POSITA would have 
appreciated that in the field of automated cleaning, a 
“characteristic” of interest would include its state of cleanliness. 
Consequently, by quantifying the “distribution of debris” or 
“sediment” level at a specific spot on the pool bottom, Cui’s 
system is detecting a physical attribute—or characteristic—of 
that location to determine the appropriate cleaning response. 
 
129. Therefore, in my opinion, Cui renders Claim 7 obvious 
 
       8. Claim 8 
 
130. Claim 8 depends from Claim 7, which depends from Claim 
2. In my opinion, Cui discloses or suggests Claim 8. 
 

a. 8[a] “The pool system of claim 7, wherein the 
                      characteristic comprises a cleanliness of a 
                      surface of the swimming pool, and” 
 
131. Cui discloses or suggests 8[a]. Cui’s computer 7 
(controller) detects debris level/distribution (characteristic) on 
pool surfaces by comparing captured images with stored “clean 
surface” standard images. Cui, pp.5-7; see also §VII.A.7 (Claim 
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§IV.A.7 (Claim 7). A POSITA would have understood that 
debris levels indicate pool surface cleanliness—heavy debris 
indicates less clean surfaces, and minimal debris indicates 
cleaner surfaces. Janét, ¶131. 
 
 
 
 
 
 
 
 
 
               b. 8[b] 
 
Cui discloses or suggests 8[b]. Janét, ¶¶132-135. 
 
Cui’s computer 7 (controller) compares captured images with 
stored “clean surface” images and adjusts motor speeds when 
detected cleanliness differs from that standard—“when there is a 
lot of sediment at the pool bottom, the grayscale level of the 
real-time captured image(s) is greatly different from the 
grayscale level of the original standard image(s), resulting in a 
high comparison output voltage” that controls motor speeds. 
Cui, pp.5-7; Janét, ¶133; see also §IV.A.3.e (2[c][ii]). A 
POSITA would have understood that Cui’s “pre-stored standard 
image information of a clean pool bottom” constitutes a 
“cleanliness threshold,” because it represents the baseline of 
“cleanliness” against which the current state is measured. Cui, 
pp.5-7; Janét, ¶133. 
 
 
 

7). A POSITA would have understood that debris levels indicate 
pool surface cleanliness—heavy debris indicates less clean 
surfaces, and minimal debris indicates cleaner surfaces. A 
POSITA would have recognized that by measuring the “varying 
distribution of debris” or sediment load via image analysis, Cui’s 
system assesses the cleanliness metric of the surface—where a 
high deviation from the “clean” standard image corresponds to 
low cleanliness, and a low deviation corresponds to high 
cleanliness. 
 

b. 8[b] “wherein the controller is configured to 
control the piece of equipment based on the 
detected cleanliness being outside of a 
threshold.” 

 
132. In my opinion, Cui discloses or suggests 8[b]. 
 
133. Cui’s computer 7 (controller) compares captured images 
with stored “clean surface” images and adjusts motor speeds 
when detected cleanliness differs from that standard—“when 
there is a lot of sediment at the pool bottom, the grayscale level 
of the real-time captured image(s) is greatly different from the 
grayscale level of the original standard image(s), resulting in a 
high comparison output voltage” that controls motor speeds. 
Cui, pp.5-7; see also §VII.A.3.e (2[c][ii]). A POSITA would 
have understood that Cui’s “pre-stored standard image 
information of a clean pool bottom” constitutes a “cleanliness 
threshold,” because it represents the baseline of “cleanliness” 
against which the current state is measured. Cui, pp.5-7. A 
POSITA would have recognized that a “threshold” in image 
processing and control systems acts as a reference value 
determining a change in state. By storing an image of a clean 
bottom and comparing real-time footage against it, Cui’s system 
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Furthermore, a POSITA would have understood that Cui’s 
system determines that the cleanliness is “outside of a threshold” 
when the real-time image deviates from this standard image (i.e., 
“greatly different”). Cui’s control action (adjusting motor speed) 
is triggered specifically because the detected cleanliness level 
has deviated from (i.e., outside) the standard defined by the 
stored image. Janét, ¶134.  
 
 
 
 
 
 
 
 
Accordingly, Cui’s system controls the equipment based on the 
deviation from the standard (the threshold), thus satisfying the 
limitation. Id., ¶¶134-135. 
 
 
 
 
       9. Claim 12 
 
Cui discloses or suggests Claim 12. Janét, ¶¶136-146. 
 
 

sets the grayscale values of the clean image as the “threshold.” 
Any significant deviation from these stored values—
representing the presence of debris—crosses this limit, thereby 
identifying the state as “unclean” and triggering the control 
response. 
 
134. Furthermore, a POSITA would have understood that Cui’s 
system determines the cleanliness is “outside of a threshold” 
when the real-time image deviates from this standard image (i.e., 
is “greatly different”). Even if Cui employs a continuous 
feedback loop (where voltage varies with the amount of 
sediment), its control action (adjusting motor speed) is triggered 
specifically because the detected cleanliness level has deviated 
from (i.e., is outside) the standard defined by the stored image. A 
POSITA would have recognized or found it obvious that the 
“threshold” in such a control loop defines the boundary of the 
reference state (the clean standard)— when the cleanliness 
matches this standard (within operational tolerances), it is 
“inside” the threshold (resulting in nominal or zero error 
voltage), and when it deviates, it is “outside” the threshold, 
generating the “high comparison output voltage.” Accordingly, 
Cui’s system controls the equipment based on the deviation from 
the standard (the threshold), satisfying the limitation regardless 
of whether the resulting speed adjustment is binary or 
proportional. 
 
135. Therefore, in my opinion, Cui renders Claim 8 obvious. 
 
       9. Claim 12 
 
136. It is my opinion that Cui discloses or suggests Claim 12. 
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               a. 12[pre] 
 
 
Cui discloses or suggests 12[pre]. Janét, ¶¶137-138. 
 
Cui discloses “a pool system” that includes a pool cleaner and 
computer 7.  Cui, pp.5-7, FIGS. 5-6; Janét, ¶138; see also 
§IV.A.3.a (2[a]). A POSITA would have understood that Cui’s 
method, including, among others, capturing images, detecting 
debris based on the images, and controlling cleaner movements 
based on detected debris constitutes “monitoring a pool system.” 
Id. 
 
 
 
               b. 12[a] 
 
Cui discloses or suggests 12[a]. Janét, ¶¶139-140. 
 
Cui discloses that camera 5 captures images of pool surfaces 
ahead of the cleaner, and computer 7 receives the video signals 
(comprising multiple images captured over time) from camera 5 
through image acquisition card 21 for processing. Cui, Abstract, 
Claim 3, pp.5-7; Janét, ¶138; see also §§IV.A.3.c-IV.A.3.d 
(2[b]-[c][i]). 
 
 
 

d. 12[b] 
 
Cui discloses or suggests 12[b]. Janét, ¶¶141-142. 
 

a. 12[pre] “A method for monitoring a pool system,  
the method comprising” 

 
137. In my opinion, Cui discloses or suggests 12[pre]. 
 
138. Cui discloses “a pool system” including a pool cleaner and 
an industrial control computer 7. Cui, pp.5-7, FIGS. 5-6; see 
also §VII.A.3.a (2[a]). A POSITA would have understood that 
Cui’s method, including, among others, capturing 
images, detecting debris based on the images, and controlling 
cleaner movements based on detected debris constitutes 
“monitoring a pool system.” Id. 
 

b. 12[a] “receiving images of at least a portion of a 
                     location including a swimming pool or spa from 
                    one or more cameras;” 
 
139. In my opinion, Cui discloses or suggests 12[a]. 
 
140. Cui discloses that camera 5 captures images of pool 
surfaces ahead of the cleaner, and computer 7 receives the video 
signals (comprising multiple images captured over time) from 
camera 5 through image acquisition card 21 for processing. 
Cui, Abstract, Claim 3, pp.5-7; see also §§VII.A.3.c-VII.A.3.d 
(2[b]-[c][i]). 
 

c. 12[b] “determining a target area and detecting a 
                     characteristic of the target area based on the 
                     images; and” 
 
141. In my opinion, Cui discloses or suggests 12[b]. 
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Cui’s method includes its computer 7 (controller) receiving 
images from camera 5, detecting debris level (characteristic) of 
an area based on the images, and adjusting the cleaner’s 
crawling speed in that specific area based on the detected 
characteristic. Cui, pp.4-7, FIGS. 5-6; Janét, ¶142; see also 
§§IV.A.2.e-IV.A.2.g (1[d]-1[e][ii]), §§IV.A.7-IV.A.8 (Claims 7-
8). Because Cui system’s control action (adjusting the speed) is 
applied to a specific area in response to the debris detected in 
that same area, a POSITA would have understood or found it 
obvious that Cui’s system determines the area, from which the 
images are captured, and in which the movement control will be 
applied, as a target area (e.g., a target area for application of 
updated movement controls). Janét, ¶142. 
            
 
 
 
 
 
 
 
            d. 12[c] 
 
 
Cui discloses or suggests 12[c]. Janét, ¶¶143-146. 
 
Cui’s computer 7 assesses debris levels and generates pulse 
signal commands that control motor speeds to adjust cleaning 
force—“a corresponding cleaning force can be selected 
according to a varying distribution of debris on the pool 
bottom.” Cui, Abstract, p.5; Janét, ¶144; see also 
§§IV.A.3.e&IV.A.7 (2[c][ii], Claim 7).  
 

142. Cui’s method involves its computer 7 (controller) receiving 
images from camera 5 and, detecting debris level (characteristic) 
of an area based on the images, and based on this detected 
characteristic, the controller adjusts the cleaner’s crawling speed 
in that specific area. Cui, pp.4-7, FIGS. 5-6; see also 
§§VII.A.2.e-VII.A.2.g (1[d]-1[e][ii]) and §§VII.A.7-VII.A.8 
(Claims 7-8). Because the Cui system’s control action (adjusting 
the speed) is applied to a specific area in response to the debris 
detected in that same area, a POSITA would have understood or 
found it obvious that Cui’s system determines the area, from 
which the images are captured, and in which the movement 
control will be applied, to be a target area (e.g., a target area for 
application of updated movement controls). A POSITA would 
have recognized that the field of view of the image currently 
being processed functionally defines the “target area.” Since 
Cui’s system captures images of the “areas to be cleaned” to 
make real-time decisions, the system isolates and determines this 
specific region as a target area for both characteristic detection 
(e.g., debris analysis) and the subsequent control action (e.g., 
speed adjustment). 
 
           d. 12[c] “generating a control response based on the 
               detected characteristic of the target area.” 
 
143. It is my opinion that Cui discloses or suggests 12[c]. 
 
144. Cui’s computer 7 assesses debris levels and generates pulse 
signal commands that control motor speeds to adjust cleaning 
force—“a corresponding cleaning force can be selected 
according to a varying distribution of debris on the pool 
bottom.” Cui, Abstract, p.5; see also §§VII.A.3.e&VII.A.7 
(2[c][ii], Claim 7). 
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A POSITA would have understood that Cui’s pulse signal 
commands constitute “a control response” generated “based on 
the detected characteristic” (debris level or cleanliness) of the 
target area. Janét, ¶145. 
 
 
 
 
 
 
 
 
 
 
       10. Claim 13 
 
Claim 13 depends from Claim 12. Cui discloses or suggests  
Claim 13. Janét, ¶¶147-152. 
 
 
 
               a. 13[a] 
 
Cui discloses or suggests 13[a]. Janét, ¶¶148-149. 
 
Cui’s target area is the specific area of the pool surface which 
computer 7 determines contains debris. Cui, pp.6-7; Janét, ¶149; 
see also §IV.A.9.b-IV.A.9.d (12[b]-[c]). 
 
 
 
              b. 13[b] 
 

145. A POSITA would have understood that Cui’s pulse signal 
commands constitute “a control response” generated “based on 
the detected characteristic” (debris level or cleanliness) of the 
target area (pool surface). A POSITA would have recognized 
that the generation of this specific pulse signal is causally linked 
to the condition of the target area; had the detected debris 
distribution been different (e.g., cleaner), the computer would 
have generated a different pulse signal (or none at all), thereby 
confirming that the control response is determined by, and thus 
“based on,” the characteristic of that specific target area. 
 
146. Therefore, in my opinion, Cui renders Claim 12 obvious. 
 
 
       10. Claim 13 
 
147. Claim 13 depends from Claim 12. In my opinion, Cui 
discloses or suggests Claim 13. 
 

a) 13[a] “The method of claim 12, wherein the  
target area comprises a portion of a surface of 
the swimming pool or spa, and” 
 

148. It is my opinion that Cui discloses or suggests 13[a]. 
 
149. Cui’s target area is the specific area of the pool surface 
which computer 7 determines contains debris. Cui, pp.6-7; see 
also §VII.A.9.b-VII.A.9.d (12[b]-[c]). 
 

a. 13[b] “wherein the characteristic comprises a 
                     cleanliness characteristic of the portion of the 
                     surface of the swimming pool or spa.” 
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Cui discloses or suggests 13[b]. Janét, ¶¶150-151. 
 
Cui’s computer 7 detects debris level (cleanliness characteristic) 
of the target area, which is a “portion of the pool surface.” Cui, 
pp.5-7; Janét, ¶151; see also §§IV.A.7-IV.A.8.a (Claim 7, 8[a]). 
 
 
 
 
       11. Claim 14 
 
Claim 14 depends from Claim 12. Cui discloses or suggests 
Claim 14, because Cui’s computer 7 generates pulse signal 
commands (control response) that control movement (operation) 
of a pool cleaner (equipment of the swimming pool). Cui, pp.5-
7; Janét, ¶¶153-154; §IV.A.9.d (12[c]), §IV.A.3.b (2[a]). 
 
 
 
 
       12. Claim 19 
 
Claim 19 depends from Claim 12. Cui discloses or suggests 
Claim 19. Janét, ¶¶155-160. 
 
 
 
 
 
 
               a. 19[a] 
 

150. It is my opinion that Cui discloses or suggests 13[b]. 
 
151. Cui’s computer 7 detects debris level (cleanliness 
characteristic) of the target area, which is a portion of the pool 
surface. Cui, pp.5-7; see also §§VII.A.7-VII.A.8.a (Claim 7, 
8[a]). 
 
152. Therefore, in my opinion, Cui renders Claim 13 obvious. 
 
11. Claim 14 
 
153. Claim 14 depends from Claim 12. It is my opinion that Cui 
discloses or suggests Claim 14 because Cui’s computer 7 
generates pulse signal commands (control response) that control 
movement (operation) of a pool cleaner (equipment of the 
swimming pool). Cui, pp.5-7; §VII.A.9.d (12[c]) and §VII.A.3.b 
(2[a]). 
 
154. Therefore, in my opinion, Cui renders Claim 14 obvious. 
 
       12. Claim 19 
 
155. Claim 19 depends from claim 12. In my opinion, Cui 
discloses or suggests Claim 19. 
 

a) 19[a] “The method of claim 12, wherein 
generating the control response comprises 
controlling operation of a cleaning device 
configured to travel adjacent to submerged 

                 or water-containing surfaces of the swimming pool  
                 or spa and to perform a cleaning operation,” 
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Cui discloses or suggests 19[a], because Cui’s system generates 
pulse signal commands (control response) that controls motors 
and movement (operation) of the pool cleaner (equipment). Cui, 
pp.6-7; Janét, ¶156; see also §§IV.A.9.d (12[c]), IV.A.11 (Claim 
14). Cui’s pool cleaner is configured to travel adjacent to a 
bottom of (submerged or water-containing surfaces) of the 
swimming pool and performs a cleaning operation. Cui, pp.5-7; 
Janét, ¶156; see also §§IV.A.2.a (1[pre]), IV.A.4 (Claim 3), 
IV.A.6 (Claim 6). 
 
 
 
 
 
 
               b. 19[b] 
 
Cui discloses or suggests 19[b]. Janét, ¶¶157-160. 
 
Cui’s system generates pulse signal commands (control 
responses) that control rotational speed of hybrid stepper motors 
15, which a POSITA would have understood controls “the 
crawling speed of the cleaner” (speed of the cleaning device). 
Cui, p.7; Janét, ¶158; see also §IV.A.9.d (12[c]). Cui teaches 
that “the crawling speed of the cleaner indirectly reflects the 
magnitude of the cleaning force.” Cui, pp.6-7, FIG.7. Although 
stated in the context of Cui’s turbidity-based embodiment, Cui 
further explains the relationship: when “the crawling speed of 
the cleaner slows down...the cleaning force increases.” Cui, 
Abstract, p.9, FIG.7; Janét, ¶158. A POSITA would have 
understood this relationship between crawling speed and 
cleaning force to apply equally to Cui’s image-based debris 
detection embodiment, as both embodiments use the same 

156. Cui discloses or suggests 19[a] because Cui’s system 
generates pulse signal commands (control response) that controls 
motors and movement (operation) of the pool cleaner 
(equipment). Cui, pp.6-7; see also §§VII.A.9.d (12[c]), VII.A.11 
(Claim 14). Cui’s pool cleaner is configured to travel adjacent to 
a bottom of (submerged or water-containing surfaces) of the 
swimming pool and performs a cleaning operation. Cui, pp.5-7; 
see also §§VII.A.2.a (1[pre]), VII.A.4 (Claim 3), VII.A.6 (Claim 
6). 
 

a. 19[b] “wherein controlling operation of the 
cleaning device comprises one or more of 
controlling a path or route of the cleaning 
device, an aggressiveness of cleaning chemicals 
deployed, an aggressiveness of mechanical 
cleaning, or a speed of the cleaning device.” 

 
157. In my opinion, Cui discloses or suggests 19[b]. 
 
158. Cui’s system generates pulse signal commands (control 
responses) that control rotational speed of hybrid stepper motors 
15, which a POSITA would have understood controls “the 
crawling speed of the cleaner” (speed of the cleaning device). 
Cui, p.7; see also §VII.A.9.d (12[c]). Cui teaches that “the 
crawling speed of the cleaner indirectly reflects the magnitude of 
the cleaning force.” Cui, pp.6-7, FIG.7. Although stated in the 
context of Cui’s turbidity-based embodiment, Cui further 
explains the relationship: when “the crawling speed of the 
cleaner slows down...the cleaning force increases.” Cui, 
Abstract, p. 9, FIG.7. A POSITA would have understood this 
relationship between crawling speed and cleaning force to apply 
equally to Cui’s image-based debris detection  embodiment, as 
both embodiments use the same mechanical cleaning 
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mechanical cleaning components (roller brushes 11, track-type 
crawling mechanisms 10) and both aim to achieve “different 
cleaning forces” corresponding to “different distributions of 
debris.” Cui, Abstract, pp.4-5, 7; Janét, ¶158.  
 
Additionally, Cui describes directional control enabling the 
cleaner to “move forward, backward, or turn left and right” and 
execute “180° turns” near pool walls “until the entire pool is 
cleaned,” which constitutes controlling the cleaner’s path. Cui, 
p.7; Janét, ¶159. 
 

components (roller brushes 11, track-type crawling mechanisms 
10) and both aim to achieve “different cleaning forces” 
corresponding to “different distributions of debris.” Cui, 
Abstract, pp.4-5, 7. 
 
159. Additionally, Cui describes directional control enabling the 
cleaner to “move forward, backward, or turn left and right” and 
execute “180° turns” near pool walls “until the entire pool is 
cleaned,” which constitutes controlling the cleaner’ path. Cui, 
p.7. 
 
160. Therefore, it is my opinion that Cui renders Claim 19 
obvious. 

B. Ground 1B: Claims 8 and 16 are Unpatentable over  
           Cui and Fu-007 
 
            1. Fu-007 
 
Fu-007 (EX1007), which is analogue art and in the same field as 
the ’207 Patent, discloses an underwater cleaning robot for 
swimming pools that operates in remote control and autonomous 
modes. Fu-007, Title, Abstract; Janét, ¶161.  
 
Fu-007’s system includes monitoring camera 2 and central 
processing unit (controller) housed in control system enclosure 
8, and cleaning and moving platform with cleaning drive wheels 
3 and drainage devices. Fu-007, pp.12-14,3 Claims 1, 3, FIGS. 
1-3 (annotated below); Janét, ¶162. 
 
 
[images omitted] 
 

B. Ground 1B: Claims 8 and 16 are Unpatentable over 
            Cui and Fu-007 
 
            1. Fu-007 
 
161. Fu-007 (EX1007), which is analogous art and in the same 
field as the ’207 Patent, discloses an underwater cleaning robot 
for swimming pools that operates in remote control and 
autonomous modes. Fu-007, Title, Abstract. 
 
162. Fu-007’s system includes monitoring camera 2, image 
acquisition card, central processing unit (controller) housed in 
control system enclosure 8, and cleaning and moving platform 
with independently controllable cleaning drive wheels 3 and 
drainage devices. Fu-007, pp.12-14,3 Claims 1, 3, FIGS. 1-3 
(annotated below). 
 
[images omitted] 
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Fu-007’s central processing unit compares the images captured 
by camera 2 with a “cleanliness image threshold” to determine 
cleanliness level, and operates cleaning drive wheels and 
drainage device accordingly. Fu-007, pp.14-16, Claims 4, 7; 
Janét, ¶163. 
 
 
 
Fu-007 also teaches wireless communication capability through 
a control signal buoyant antenna 27 that “floats on a water 
surface to wirelessly communicate with the control keyboard 
31” and “is connected to the robot via the control signal buoyant 
antenna cable (35).” Fu-007, pp.8-10, 12-16, Claims 4-5, 7, FIG. 
8 (annotated below); Janét, ¶164. Fu-007 teaches controlling the 
robot “with the cable” for “long-term global cleaning” and using 
the “control signal buoyant antenna 27” to “wirelessly 
communicate” for “short-term local cleaning.” Fu-007, pp.9-10, 
14, Claim 5; Janét, ¶164. 
 
[images omitted] 
 
       2. Motivation to Combine 
 
Both Cui and Fu-007 disclose underwater cleaning robots for 
swimming pools using camera-based control, and both sought to 
improve autonomous pool cleaning operations. Janét, ¶165. Cui 
describes a pool cleaner using “intelligent adaptive technology 
with computer control” to autonomously adjust cleaning force 
based on debris distribution. Cui, pp.5-7. Fu-007 similarly 
describes an underwater cleaning robot. Fu-007, p.11.  
 

163. During autonomous cleaning, Fu-007 implements 
threshold-based cleanliness control by setting “a swimming pool 
cleanliness image threshold,” with the central processing unit 
receiving images captured by camera 2, comparing the 
images with the threshold to determine cleanliness level, and 
adjusting operating conditions of the cleaning drive wheels and 
drainage device accordingly. Fu-007, pp.14-16, Claims 4, 7. 
 
164. Fu-007’s robot includes wireless communication capability 
through a control signal buoyant antenna 27 that “floats on a 
water surface to wirelessly communicate with the control 
keyboard 31” and “is connected to the robot via the control 
signal buoyant antenna cable (35).” Fu-007, pp.8-10, 12-16, 
Claims 4-5, 7, FIG. 8 (annotated below). Fu-007 teaches 
controlling the robot “with the cable” for “long-term global 
cleaning” and using the “control signal buoyant antenna 27” to 
“wirelessly communicate” for “short-term local cleaning.” Fu-
007, pp.9-10, 14, Claim 5. 
 
[images omitted] 
 
2. Reasons for Combining Cui and Fu-007 
 
165. Both Cui and Fu-007 disclose underwater cleaning robots 
for swimming pools using camera-based control, and both 
sought to improve autonomous pool cleaning operations. Cui 
describes a pool cleaner using “intelligent adaptive technology 
with computer control” to autonomously adjust cleaning force 
based on debris distribution. Cui, pp.5-7. Fu-007 similarly 
describes an underwater cleaning robot that can “help and even 
replace humans to autonomously complete underwater cleaning 
work.” Fu-007, p.11.  
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A POSITA would have been motivated to combine their 
complementary teachings to improve autonomous pool cleaning. 
Janét, ¶165. 
 
A POSITA would have recognized that the teachings in Cui and 
Fu-007 are directed to the same pool cleaning technical field and 
provide similar technical solutions to address similar technical 
issues. Janét, ¶¶166-168.  
 
 
Specifically, both use a controller to generate, in response to 
captured images, control signals to cause movement of the pool 
cleaning body with motorized drive mechanisms. Compare Cui, 
pp.5-7, FIGS. 1-3, 5-7, with Fu-007, pp.8-10, 12-16, Claims 1-4, 
7, FIGS.1, 6.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A POSITA would have been motivated to combine their 
complementary teachings of Cui and Fu-007 to achieve 
improved autonomous pool cleaning systems. 
 
166. A POSITA would have recognized that the teachings in Cui 
and Fu-007 are directed to the same pool cleaning technical 
field, are based on recognition of the same or similar technical 
issues in pool cleaning, and provide similar technical solutions 
to address similar technical issues. 
 
167. Specifically, both references use a camera and controller to 
process captured images and generate control signals to cause 
movement of the pool cleaning robot. Cui discloses CCD camera 
5 that captures images “of the areas to be cleaned,” industrial 
control computer 7 that compares captured images to stored 
“clean surface” standard images to detect debris, and generates 
control signals to adjust the “crawling speed of the cleaning 
machine body” based on debris distribution. Cui, pp.5-7, FIGS. 
1-3, 5-7. Fu-007 similarly discloses monitoring camera 2 that 
captures images of pool surfaces, a central processing unit that 
compares “the image(s) with the threshold” to determine “a 
cleanliness level of the bottom of the swimming pool,” and 
generates control signals to adjust “operating conditions of the 
four cleaning drive wheels 3 and the drainage device to complete 
the cleaning task.” Fu-007, pp.8-10, 12-16, Claims 1-4, 7, FIGS. 
1, 6. 
 
168. Additionally, both references teach motorized drive 
mechanisms to cause and control movement of the pool cleaner 
during operation. Cui discloses a “driving motor” that propels 
the cleaner body along pool surfaces, with crawling speed 
adjusted based on detected debris levels. Cui, pp.5-7, Claim 1, 
FIGS. 1-3. Fu-007 similarly discloses “four independently 
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Accordingly, a POSITA would have investigated their teachings 
to seek guidance when designing pool cleaning systems. Janét, 
¶168. 
 
 
Cui teaches an image comparison approach that compares 
captured images with stored “clean surface” standard images to 
produce a comparison output voltage. Cui, pp.5-7. Fu-007 
employs a threshold-based approach that sets “a swimming pool 
cleanliness image threshold” and “plans a cleaning movement” 
based on the comparison. Fu-007, pp.10, 14-16, Claim 7. 
Additionally, Cui teaches wired communication via cable 
assembly 12 (Cui, pp.5-6, FIGS. 1-3), and Fu-007 discloses both 
wired and wireless communication modes (Fu-007, pp.8-10, 12-
16, FIG. 8). These represent known design alternatives in 
autonomous pool cleaning systems. Janét, ¶169. 
 
 
 
A POSITA would have been motivated to modify Cui by 
incorporating Fu-007’s teachings of threshold-based control and 
wireless communication capacity to advance Cui’s stated goals 
of “intelligent adaptive technology,” “high reliability,” and 
“strong applicability.” Cui, Abstract, p.5; Janét, ¶170. 
 
 
 
 
 

driven” “cleaning drive wheels 3” where“the rotational speed of 
each wheel 3 is adjustable” and “[t]hrough different wheel speed 
combinations, cleaning actions with different cleaning intensities 
can be implemented.” Fu-007, pp.8-10, 12-16, Claims 1, 3, 7. 
Accordingly, a POSITA would have investigated the technical 
teachings in both Cui and Fu-007 to seek guidance when 
designing a pool cleaning system for specific pool cleaning 
considerations and applications. 
 
169. Cui teaches an image comparison approach that compares 
captured images with stored “clean surface” standard images to 
produce a comparison output voltage (Cui, pp.5-7), and Fu-007 
employs an explicit threshold-based approach that sets “a 
swimming pool cleanliness image threshold” and “plans a 
cleaning movement” based on the comparison. Fu-007, pp.10, 
14-16, Claim 7. Additionally, Cui teaches wired communication 
via cable assembly 12 (Cui, pp.5-6, FIGS. 1-3), and Fu-007 
discloses both wired and wireless communication modes, 
including a control signal buoyant antenna 27 “to wirelessly 
communicate with the control keyboard 31.” Fu-007, pp.8-10, 
12-16, Claims 4-5, 7, FIG. 8. These represent known design 
alternatives in autonomous pool cleaning systems. 
 
170. A POSITA would have been motivated to modify Cui by 
selectively incorporating Fu-007’s teachings to advance Cui’s 
stated goals of “intelligent adaptive technology,” “high 
reliability,” and “strong applicability.” Cui, Abstract, p.5. 
Specifically, Fu-007’s explicit threshold-based cleanliness 
control would have enhanced Cui’s “intelligent adaptive 
technology” by providing a systematic method for determining 
cleanliness levels. Fu-007’s wireless communication capability 
would have improved Cui’s “strong applicability” by enabling 
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A POSITA would have had a reasonable expectation of success 
in making these modifications because both employ similar 
camera-based systems, and combining Fu-007’s teachings with 
Cui would have involved routine software and hardware 
modifications to Cui’s existing system, yielding predictable 
results. Cui, pp.5-7; Fu-007, pp.10, 12-16; Janét, ¶171. 
 
 
 
 
 3. Claim 8 
 
173. Claim 8 depends from Claim 7, which depends from Claim 
2. The Cui-Fu-007 combination discloses or suggests Claim 8. 
Janét, ¶¶172-179. 
 
               a. 8[a] 
 
 
 
Cui discloses or suggests 8[a]. See §IV.A.8.a (8[a]). 
 
               b. 8[b] 
 
 
 
 
To the extent that this element is found not to be taught or 
suggested by Cui, it is disclosed or suggested by the Cui-Fu-007 
combination. Janét, ¶¶174-179. 

operation without physical cable constraints during short-term 
cleaning operations. 
 
171. A POSITA would have had a reasonable expectation of 
success in making these modifications because both references 
employ similar camera-based systems in the same pool 
operational environment (underwater pool cleaning), and 
combining Fu-007’s teachings with Cui would have involved 
routine software and hardware modifications to Cui’s existing 
system, yielding predictable results. Cui, pp.5-7; Fu-007, pp.10, 
12-16. 
 
3. Claim 8 
 
172. Claim 8 depends from Claim 7, which depends from Claim 
2. In my opinion, the Cui-Fu-007 combination discloses or 
suggests Claim 8. 
 

a. 8[a] “The pool system of claim 7, wherein the 
                     characteristic comprises a cleanliness of a 
                     surface of the swimming pool, and” 
 
173. It is my opinion that Cui discloses or suggests 8[a]. See 
§VII.A.8.a (8[a]). 
 

b. 8[b] “wherein the controller is configured to 
control the piece of equipment based on the 
detected cleanliness being outside of a 
threshold.” 

 
174. To the extent that this element is found not to be taught or 
suggested by Cui, in my opinion, it is disclosed or suggested by 
the Cui-Fu-007 combination. 
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As explained in §§IV.A.7 (Claim 7) and IV.A.8.b (8[b]), Cui 
discloses that its computer 7 (controller) controls the cleaner 
(equipment) based on the detected debris level (cleanliness). 
 
 
As explained in §IV.B.1, Fu-007 teaches threshold-based 
cleanliness control by setting “a swimming pool cleanliness 
image threshold,” determining “a cleanliness level of the bottom 
of the swimming pool by comparing the image(s) with the 
threshold,” and adjusting “operating conditions of the four 
cleaning drive wheels...to complete the cleaning task” based on 
the comparison. Fu-007, pp.10, 14-16, Claim 7; Janét, ¶176. 
 
 
As explained in §IV.B.2, a POSITA would be motivated to 
incorporate Fu-007’s cleanliness-threshold control logic into 
Cui’s system, such that the modified system would set “a 
swimming pool cleanliness image threshold,” “determine a 
cleanliness level” from the images from Cui’s camera, and 
compare this “cleanliness level” to the “threshold” to “plan[] a 
cleaning movement.” Fu-007, pp.10, 14-16; Janét, ¶177. 
 
 
179. In addition to the reasons explained in §IV.B.2, a POSITA 
would have recognized that Fu-007’s “threshold” comparison 
allows the controller to “determine[] a cleanliness level” and, as 
a result, “autonomously plan[]” a “path and an action.” Fu-007, 
pp.10, 14-16; Janét, ¶178. A POSITA would have understood 
this as an enhancement to move beyond Cui’s control (slowing 
down for debris) and implement more energy-saving cleaning 
plans (e.g., cleaning only the areas outside the “threshold”), 
resulting in a more efficient, reliable autonomous cleaner. Janét, 

 
175. As explained in §§VII.A.7 (Claim 7) and VII.A.8.b (8[b]), 
Cui already discloses that its computer 7 (controller) controls the 
cleaner (equipment) based on the detected debris level 
(cleanliness).  
 
176. As explained in §VII.B.1 (Fu-007 summary), Fu-007 
teaches threshold based cleanliness control by setting “a 
swimming pool cleanliness image threshold,” determining “a 
cleanliness level of the bottom of the swimming pool by 
comparing the image(s) with the threshold,” and adjusting 
“operating conditions of the four cleaning drive wheels...to 
complete the cleaning task” based on the comparison. Fu-007, 
pp.10, 14-16, Claim 7. 
 
177. As explained in §VII.B.2, a POSITA would have been 
motivated to incorporate the threshold-setting control logic 
taught by Fu-007 into Cui’s system with a reasonable 
expectation of success. In the modified Cui system would set “a 
swimming pool cleanliness image threshold,” “determine a 
cleanliness level” from the images from Cui’s camera, and 
compare this “cleanliness level” to the “threshold” to “plan[] a 
cleaning movement.” Fu-007, pp. 10, 14-16. 
 
178. In addition to the reasons explained in §VII.B.2, a POSITA 
would have recognized that Fu-007’s approach enables the 
controller to “determine[] a cleanliness level” and 
“autonomously plan[]” a “path and an action.” Fu-007, pp.10, 
14-16. A POSITA would have understood this as an 
enhancement to move beyond Cui’s control (slowing down for 
debris) and implement more energy-saving cleaning plans (e.g., 
cleaning only the areas “outside” the “threshold”), resulting in a 
more efficient and reliable autonomous cleaner. 
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¶178. 
 
 
 
       4. Claim 16 
 
Claim 16 depends from Claim 12. The Cui-Fu-007 combination 
discloses or suggests Claim 16. Janét, ¶¶180-186. 
 
Cui’s computer 7 is remote from the pool cleaner, connected via 
cable assembly 12 and plug assembly 14. Cui, pp.5-6, FIGS. 1-2 
(annotated below); Janét, ¶181; see also §IV.A.3.d (2[c][i]). 
 
 
[images omitted] 
 
As explained in §IV.B.1, Fu-007 discloses a pool cleaning robot 
with wireless communication capability through a control signal 
buoyant antenna 27.Fu-007, pp.8-10, 12-16, Claims 4-5, 7, FIG. 
8 (annotated below); Janét, ¶182. Fu-007 teaches controlling the 
robot “with the cable" for "long-term global cleaning" and using 
wireless communication for "short-term local cleaning.” Fu-007, 
pp.9-10, 14, Claim 5. 
 
[images omitted] 
 
 
 
 
 
 
As explained in §IV.B.2, a POSITA would have been motivated 
to combine the teachings of Cui and Fu-007 with a reasonable 

 
179. Therefore, it is my opinion that Cui and Fu-007 render 
Claim 8 obvious. 
 

4.  Claim 16 
 
180. Claim 16 depends from Claim 12. In my opinion, the Cui-
Fu-007 combination discloses or suggests Claim 16. 
 
181. Cui’s computer 7 is remote from the pool cleaner, 
connected via cable assembly 12 and plug assembly 14. Cui, p.6, 
FIGS. 1-2 (annotated below); see also §VII.A.3.d (2[c][i]), 
§VII.A.1 (Cui summary). 
 
[images omitted] 
 
182. Fu-007 discloses a pool cleaning robot including wireless 
communication capability through a control signal buoyant 
antenna 27 that “floats on a water surface to wirelessly 
communicate with the control keyboard 31” and “is connected to 
the robot via the control signal buoyant antenna cable (35).” Fu-
007, pp.8-10, 12-16, Claims 4-5, 7, FIG. 8 (annotated below). 
See also §VII.B.1 (Fu-007 summary). 
 
[images omitted] 
 
183. Fu-007 teaches controlling the robot “with the cable” for 
“long-term global cleaning” and using the “control signal 
buoyant antenna 27” to “wirelessly communicate” for “short-
term local cleaning.” Fu-007, pp.12. 
 
184. As explained in §VII.B.2, a POSITA would have been 
motivated to combine the teachings of Cui and Fu-007 with a 
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expectation of success. Janét,¶184. In the modified system, Cui's 
computer 7 (controller) would have dual-mode (wired and 
wireless) communication capability, allowing it to generate 
control signals and communicate them either via the existing 
cable assembly 12 or wirelessly via Fu-007’s buoyant antenna 
27 to a remote device. Id. 
 
In addition to the reasons explained in §IV.B.2, a POSITA 
would have been motivated to make this modification because 
adding Fu-007’s wireless communication as an alternative to 
Cui’s wired connection would have improved Cui’s stated goal 
of “high reliability” (Cui, Abstract, p.5) by providing a 
redundant communication path, allowing the cleaner to be 
controlled even if the primary cable connection was impractical 
or unavailable. Janét, ¶185. 

reasonable expectation of success. In the modified system, Cui’s 
computer 7 (controller) would have a dual-mode (wired and 
wireless) communication capability, allowing it to generate a 
“control response” and communicate it either via the existing 
cable assembly 12 or wirelessly via Fu-007’s buoyant antenna 
27 to a remote device (e.g., control keyboard 31).  
 
185. In addition to the reasons explained in §VII.B.2, a POSITA 
would have been motivated to make this modification because 
adding Fu-007’s wireless communication as an alternative to 
Cui’s wired connection would have improved Cui’s stated goal 
of “high reliability” (Cui, Abstract, p.5) by providing an 
alternative communication path, allowing the cleaner to be 
controlled even if the primary cable connection was impractical 
or unavailable. 
 
186. Therefore, it is my opinion that Cui and Fu-007 render 
Claim 16 obvious. 

C. Ground 1C: Claims 10 and 17 are Unpatentable over 
            Cui and Hsu 
 
               1. Hsu 
 
Hsu (EX1011) is analogous art to the ’207 Patent because Hsu 
addresses autonomous robotic cleaners that display cleaning 
coverage for user monitoring, using cameras to detect 
environment conditions. Hsu, Abstract, [0018]; EX1001, 
Abstract, 1:26-31, 9:26-47; Janét, ¶187.  
 
 
 
 
 

       C. Ground 1C: Claims 10 and 17 are Unpatentable over  
           Cui and Hsu 
 
1. Hsu 
 
187. Hsu (EX1011) is analogous art to the ’207 Patent because 
Hsu addresses autonomous robotic cleaners that display cleaning 
coverage for user monitoring, using cameras to detect 
environment conditions. Hsu, Abstract, [0018]; EX1001, 
Abstract, 1:26-31, 9:26-47. Specifically, while Hsu describes a 
cleaning robot generally, a POSITA would have considered Hsu 
to be analogous art because like the ’207 Patent, Hsu operates in 
the same field of endeavor—autonomous mobile surface 
cleaning robots—and address the identical problem: navigating a 
bounded area to ensure complete cleaning coverage while 
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Additionally, Hsu explicitly states its technology “is not limited 
to indoor spaces,” demonstrating applicability to outdoor pool 
cleaning environments like Cui’s system. Hsu, [0019]; Janét, 
¶187. 
 
Hsu discloses a cleaning robot that includes environment 
information detection device 10, which can be “a camera, a 
video camera,” and map construction module 20 that constructs 
“an environment map based on the environment information 
detected by the environment information detection device.” Hsu, 
Abstract, [0017]-[0018], [0037]-[0038], Claim 1, FIGs. 1, 5 
(S12) (annotated below). 
 
[images omitted]  
 
Hsu’s environment map 120 shows the working environment 
including working zones, and is “updated dynamically” based on 
“real-time working environment information detected by the 
environment information detection device” while the robot is 
moving, which “increase[s] the accuracy of the environment 
map” and allows the robot to “avoid...obstacles.” Hsu, [0020], 
[0033]-[0034], Claims 3, 6, 8-9, 12, 15-16, FIGS. 2-3, 5 (S5) 
(annotated above). 
 
Hsu describes “The environment map 120 can be transmitted to 
the display screen on an external electronic device 130 or an 
electronic device 130a by…autonomous robot 1 via a 
communication platform 110.” Hsu, [0021], [0028], Claim 7, 
FIGS. 4-5 (S2) (annotated below). 
 
[images omitted] 
 

providing user feedback.  See Hsu, Abstract, [0018]-[0022], 
[0033]-[0034], [0037]-[0038], FIGS.1-5.  Additionally, Hsu 
explicitly states its technology “is not limited to indoor spaces,” 
demonstrating applicability to outdoor pool cleaning  
environments like the ’207 Patent’s system. Hsu, [0019]. 
 
188. Hsu discloses a cleaning robot that includes environment 
information detection device 10, which can be “a camera, a 
video camera,” and map construction module 20 that constructs 
“an environment map based on the environment information 
detected by the environment information detection device.” Hsu, 
Abstract, [0017]-[0018], [0037]-[0038], Claim 1, FIGs. 1, 5 (S2) 
(annotated below). 
 
[images omitted] 
 
189. Hsu’s environment map 120 shows the working 
environment including working zones, and is “updated 
dynamically” based on “real-time working environment 
information detected by the environment information detection 
device” while the robot is moving, which “increase[s] the 
accuracy of the environment map” and allows the robot to 
“avoid...obstacles.” Hsu, [0020], [0033]-[0034], Claims 3, 6, 8-
9, 12, 15-16, FIGS. 2-3, 5 (S5) (annotated above). 
 
190. Hsu describes “environment map 120 can be transmitted to 
the display screen on an external electronic device 130 or an 
electronic device 130a by…autonomous robot 1 via a 
communication platform 110.” Hsu, [0021], [0028], Claim 7, 
FIGS. 4-5 (S2) (annotated below). 
 
[images omitted] 
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       2. Motivation to Combine 
 
Both Cui and Hsu disclose autonomous cleaning robots using 
cameras and controllers to monitor and display cleaning progress 
to users. Janét, ¶191. Cui provides interface 16 so that “the 
working status of the cleaner can be seen at a glance.” Cui, p.6. 
Hsu similarly provides a display interface showing an 
environment map that is “updated dynamically” during cleaning 
operations. Hsu, [0018]-[0022], [0033]-[0034]. A POSITA 
would have been motivated to combine the complementary 
teachings of Cui and Hsu to achieve improved visual monitoring 
of autonomous cleaning operations. Janét, ¶191. 
 
 
 
A POSITA would have been motivated to apply Hsu’s camera-
based map construction to Cui’s system for the following 
reasons. First, this modification would have advanced Cui’s 
functionality to provide visual information to users. Janét, ¶192. 
Cui’s camera 5 already captures images “of the areas to be 
cleaned,” providing visual data showing actual surface 
conditions. Cui, pp.5-7. Using camera-captured visual data to 
construct the graphical depiction (per Hsu) would have allowed 
more accurate environment representation. Janét, ¶192. 
 
Second, a POSITA would have been motivated to make such 
modification to enhance Cui's “high reliability.” Cui, Abstract, 
p.5; Janét, ¶193. In the modified system, Cui’s camera would 
continuously capture images of the areas to be cleaned and 
provide dynamically updated visual ground truth of pool surface 
conditions, thereby “increase[ing] the accuracy of the 
environment map.” Hsu, [0020], [0033]-[0034]; Janét, ¶193. 
This would use Cui’s existing camera for dual purposes: debris 

       2. Reasons for Combining Cui and Hsu 
 
191. Both Cui and Hsu disclose autonomous cleaning robots 
using cameras and controllers to monitor and display cleaning 
progress to users. Cui provides interface 16 so that “the working 
status of the cleaner can be seen at a glance,” recognizing the 
value of visual feedback about cleaning progress. Cui, p.6. Hsu 
similarly provides a display interface showing an environment 
map that is “updated dynamically” during cleaning operations. 
Hsu, [0018]-[0022], [0033]-[0034]. A POSITA would have been 
motivated to combine the complementary teachings of Cui and 
Hsu to achieve improved visual monitoring of autonomous 
cleaning operations. 
 
192. A POSITA would have been motivated to apply Hsu’s 
camera-based map construction approach to Cui’s system for the 
following reasons. First, this modification would have advanced 
Cui’s functionality to provide visual information to users. Cui’s 
camera 5 already captures images “of the areas to be cleaned,” 
providing visual data showing actual surface conditions. Cui, 
pp.5-7. Using camera-captured visual data to construct the 
graphical depiction (per Hsu) would have allowed more accurate 
representation of the environment cleanliness than Cui's motor-
tracking formula. 
 
193. Second, a POSITA would have been motivated to make 
such modification to enhance Cui’s “high reliability.” Cui, 
Abstract, p.5. In the modified system, Cui’s camera would 
continuously capture images of the areas to be cleaned and 
provide dynamically updated visual ground truth of pool surface 
conditions, thereby “increase[ing] the accuracy of the 
environment map.” Hsu, [0020], [0033]-[0034], Claims 3, 6, 8-9, 
12, 15-16, FIG. 5. This would efficiently use Cui’s existing 
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detection (per Cui’s existing functionality) and coverage 
verification (per Hsu’s functionality). Moreover, Hsu’ “real-time 
working environment information” would have allowed the 
cleaner to avoid obstacles and increase reliability. Hsu, [0020]; 
Janét, ¶193. 
 
A POSITA would have reasonably expected success because 
Cui already has the necessary hardware—camera 5 and 
controller 7 with image processing and storage capabilities (Cui, 
pp.5-7, FIGS. 5-6), and the modification would have involved 
software changes to Cui’s logic to use Hsu’s camera image 
analysis, yielding the predictable result of camera-based 
coverage display. Janét, ¶194. 
 
 
 
 
       3. Claim 10 
 
Claim 10 depends from Claim 2. The Cui-Hsu combination 
discloses or suggests Claim 10. Janét, ¶¶195-203. 
 
Cui’s computer 7 includes “a human-machine interface 16” that 
displays “the cleaned area...denoted by light blue, and the area 
that has not been cleaned yet...denoted by dark blue so that the 
working status of the cleaner can be seen at a glance” based on a 
motor-tracking formula. Cui, pp.6-7, Claim 3, FIG. 4. 
 
[images omitted] 
 
Computer 7 is physically separated and accordingly remote from 
the pool cleaner configured to perform cleaning operations in 
water-filled pools. Cui, pp.4-5, FIGS. 5-6; see also §IV.A.2.a, 

camera for dual purposes: debris detection (per Cui’s existing 
functionality) and coverage verification (per Hsu’s 
functionality). Moreover, Hsu’s “real-time working environment 
information” would have allowed the cleaner to avoid obstacles 
and increase reliability. Hsu, [0020]. 
 
194. A POSITA would have reasonably expected success 
because Cui already has the necessary hardware—camera 5 and 
controller 7 with image processing and storage capabilities. Cui, 
pp.5-7, FIGS. 5-6. The modification would have involved 
software changes to use Hsu’s camera image analysis, instead of 
Cui’s pool area simulation based on calculations from wheel 
rotation and motor step angles (Cui, p.7) for coverage 
determination. In my opinion, that modification would be a 
straightforward task yielding the predictable result of camera-
based coverage display. 
 
       3. Claim 10 
 
195. Claim 10 depends from Claim 2. In my opinion, the Cui-
Hsu combination discloses or suggests Claim 10. 
 
196. Cui’s computer 7 includes “a human-machine interface 16” 
that displays “the cleaned area...denoted by light blue, and the 
area that has not been cleaned yet...denoted by dark blue so that 
the working status of the cleaner can be seen at a glance” based 
on a motor-tracking formula. Cui, pp.6-7, Claim 3, FIG. 4. 
 
[images omitted] 
 
197. Computer 7 is physically separated and accordingly remote 
from the pool cleaner configured to perform cleaning operations 
in water-filled pools. Cui, pp.4-5, FIGS. 5-6; see also 
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IV.A.5-IV.A.6, (1[pre], Claims 5-6). Interface 16 of computer 7 
displays the working status of the cleaner to a user. Cui, p.6, 
FIG. 4. A POSITA would have understood that interface 16 is 
outside the pool and physically separated and accordingly 
remote from the pool cleaner, constituting a remote device. 
Janét, ¶197. This is consistent with the ’207 Patent describing 
display 50/468 is outside the pool and physically separated and 
remote from vehicle 30/830. EX1001,  5:27-51, FIGS. 2-5, 9 
(annotated below). 
 
[images omitted] 
 
The ’207 Patent similarly uses remote display 50/468 to “depict 
the progress of vehicle 30 in cleaning pool 22.” EX1001, 5:52-
61, FIGS. 7-8 (annotated below). 
 
[images omitted] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hsu describes that its environment map displays the 
environment including working zones and is “updated 

§VII.A.2.a, VII.A.5-VII.A.6, (1[pre], Claims 5-6).  Interface 16 
of computer 7 displays the working status of the cleaner to a 
user. Cui, p.6, FIG. 4. A POSITA would have understood that 
interface 16 is outside the pool and physically separated and 
accordingly remote from the pool cleaner, constituting a remote 
device. This is consistent with the ’207 Patent that describes 
display 50/468 is outside the pool and physically separated and 
remote from vehicle 30/830.  EX1001, 5:27-51, FIGS. 2-5, 9 
(annotated below). 
 
[images omitted] 
 
198. The ’207 Patent similarly uses remote display 50/468 to 
“depict the progress of vehicle 30 in cleaning pool 22” and 
portions 638 that have not been satisfactorily cleaned, to allow 
“a person to visually determine how much of the pool has been 
currently cleaned.” EX1001, 5:52-61, FIGS. 7-8 (annotated 
below). 
 
[images omitted] 
 
199. As explained in §VII.C.1, Hsu discloses a cleaning robot 
that includes environment information detection device 10, 
which can be “a camera, a video camera,” and map construction 
module 20 that constructs “an environment map based on the 
environment information detected by the environment 
information detection device.” Hsu, Abstract, [0018], Claim 1, 
FIG. 1 (annotated below). 
 
[images omitted] 
 
200. As explained in §VII.C.1, Hsu further describes that the 
environment map displays the environment including working 
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dynamically” during cleaning, and that “environment map 120 
can be transmitted to the display screen on an external electronic 
device 130 or an electronic device 130a by… autonomous robot 
1 via a communication platform 110.” Hsu, [0018]-[0022], 
[0033]-[0034], Claims 3, 6-8, 12, 15-16, FIGS. 2, 4-5 (annotated 
below); §IV.C.1. 
 
[images omitted] 
 
As explained in §IV.C.2, a POSITA would have been motivated 
to add Hsu’s functionalities for map construction from camera 
data to Cui’s system. Janét, ¶201. In such modified system, 
Cui’s controller 7 would receive images from camera 5, process 
the images to determine a control action, and execute that 
control action by constructing and presenting a graphical 
depiction showing cleaned versus uncleaned areas based on the 
images (per Hsu). Hsu, [0018]-[0022], [0033]-[0034], [0037]-
[0038], FIGS. 2, 4-5; Janét, ¶201. This camera-based graphical 
depiction—a dynamically updated map—would be presented on 
interface 16 (Cui’s remote device) and transmitted to external 
devices 130/130a (Hsu’s remote device) as the control action. 
Cui, p.6; Hsu, [0021], [0033]-[0034], Claims 3, 6-8, 12, 15-16, 
FIG.5; Janét, ¶201. 
 
 
As explained in §IV.C.2, a POSITA would have reasonably 
expected success in making such modification. Janét, ¶202. 
 
        
 
 
 
 

zones and is “updated dynamically” during cleaning, and that 
“environment map 120 can be transmitted to the display screen 
on an external electronic device 130 or an electronic device 
130a by… autonomous robot 1 via a communication platform 
110.” Hsu, [0018]-[0022], [0034], FIGS. 2, 4-5 (annotated 
below). 
 
[images omitted] 
 
201. As explained in §VII.C.2, a POSITA would have been 
motivated to apply Hsu’s approach of map construction from 
camera data to Cui’s system. In the modified system, Cui’s 
controller 7 would receive images from camera 5 (Cui, pp.6-7), 
process the images to determine a control action for pool cleaner 
(equipment) operation, and execute that control action by 
constructing and presenting a graphical depiction showing 
cleaned versus uncleaned areas based on the images (per Hsu’s 
approach of map construction “based on the environment 
information detected” when a camera is the detection device). 
This camera-based graphical depiction—a dynamically updated 
map showing cleaned versus uncleaned areas—would be 
presented on interface 16 (remote device) and transmitted to 
external devices 130/130a (remote device) as the control action. 
Cui, p.6; Hsu, [0021]-[0022]. 
 
202. As explained in §VII.C.2, a POSITA would have 
reasonably expected success in making such modification to 
achieve predictable results. Cui already has the necessary 
hardware—camera 5 and controller 7 with image processing and 
storage capabilities. Cui, pp.5-7, FIGS. 5-6. Hsu demonstrates 
that dynamically updated camera-based maps display cleaning 
coverage in robotic cleaning applications. Hsu, Abstract, [0018], 
[0020], [0033]-[0034]. The modification would have only 
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       4. Claim 17 
 
Claim 17 depends from Claim 12. The Cui-Hsu combination 
discloses or suggests Claim 17. Janét, ¶¶204-210. 
 
               a. 17[a] 
 
 
 
The Cui-Hsu combination discloses or suggests 17[a]. Janét, 
¶¶205-207. 
 
Cui, as modified by Hsu, presents a graphical depiction—a 
dynamically updated map showing cleaned versus uncleaned 
areas during cleaning operations— on interface 16 (remote 
device) based on camera-captured visual data. Cui, pp.6-7, FIG. 
4; Hsu, [0020], [0033]-[0034], Claims 3, 6, 8-9, 12, 15-16, 
FIGS. 2-3, 5; Janét, ¶206; see also §IV.C.3 (Claim 10). 
Additionally, Cui teaches that interface 16 displays icons (e.g., 

involved software changes to use Hsu’s camera image analysis 
for coverage determination, which would be a straightforward 
task for a POSITA yielding the predictable result of camera-
based coverage display. Since Cui already discloses that cameras 
and computers function effectively for the pool cleaner (Cui, 
p.6), a POSITA would have expected that Hsu’s data processing 
algorithms—which simply convert sensor inputs into a graphical 
map—would have functioned with equal success in the 
combined system.  
 
203. Therefore, it is my opinion that Cui and Hsu render Claim 
10 obvious. 
 
       4. Claim 17 
 
204. Claim 17 depends from claim 12. In my opinion, the Cui-
Hsu combination discloses or suggests claim 17. 
 

a. 17[a] “The method of claim 12, wherein  
generating the control response comprises 
prompting a user on a remote device, and” 

 
205. It is my opinion that the Cui-Hsu combination discloses or 
suggests 17[a]. 
 
206. Cui, as modified by Hsu, presents a graphical depiction—a 
dynamically updated map showing cleaned versus uncleaned 
areas during cleaning operations— on interface 16 (remote 
device) based on camera-captured visual data. Cui, pp.6-7, FIG. 
4; Hsu, [0020], [0033]-[0034], Claims 3, 6, 8-9, 12, 15-16, 
FIGS. 2-3, 5; see also §VII.C.2 (Claim 10). Additionally, Cui 
teaches that this same remote interface 16 displays interactive 
control icons (e.g., “Automatic,” “Manual,” “Start,” “Continue”) 
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“Automatic,” “Manual”), allowing users to control the cleaner. 
Cui, p.6, FIG. 4 (annotated below); Janét, ¶206. 
 
[images omitted] 
 
A POSITA would have been motivated to combine Cui and Hsu, 
as explained in §IV.C.2. A POSITA would have understood or 
found it obvious that in the Cui-Hsu combination, dynamically 
updating the map and displaying these actionable icons on 
interface 16 (remote device) constitutes “prompting a user” 
because the interface presents the active status and specific 
options, inviting users to select a command (e.g., prompting 
users to decide whether to “Stop” or select “Manual” 
mode based on the map). Janét, ¶207. Thus, generating the 
display with these control options serves as the control response 
that prompts users on a remote device. Id. 
 
 
 
 
 
 
 
 
 
 
 
 
 

a. 17[b] 
 
Cui discloses or suggests 17[b]. Janét, ¶¶208-210. 
 

that allow the user to control the cleaner. Cui, p.6, FIG. 4 
(annotated below). 
 
[images omitted] 
 
207. A POSITA would have been motivated to combine Cui and 
Hsu, as explained in §VII.C.2. A POSITA would have 
understood or found it obvious that dynamically updated the 
map displayed on interface 16 (remote device) in the Cui-Hsu 
combination and displaying these actionable control icons on the 
remote device constitutes “prompting a user” because the 
interface explicitly presents the active status information and 
specific options, soliciting user engagement and inviting users to 
select a command (e.g., prompting the user to decide whether to 
“Stop” or switch to “Manual” mode based on the visual status 
map). Thus, the act of generating the display with these control 
options serves as the control response that prompts the 
user. A POSITA would have understood that in Human-Machine 
Interface (HMI) design, the simultaneous presentation of real-
time status data (the map indicating uncleaned areas) alongside 
executable command options (the control icons) functions as a 
solicitation for operator input. By visualizing the incomplete 
cleaning task and immediately providing the specific tools to 
address it, the system effectively queries the user’s intent, which 
constitutes a “prompt” for a control response on a remote device. 
 

b. 17[b] “wherein the method further comprises 
                       receiving a control input from the user on the  
                       remote device for controlling a piece of  
                       equipment of the swimming pool or spa.” 
 
208. In my opinion, Cui discloses or suggests 17[b]. 
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As explained above in §IV.C.4.a (17[a]), Cui’s interface 16 
includes interactive icons allowing user selections. A POSITA 
would have understood that Cui’s system receives a control 
input from users when they, e.g., clicks the “Start” icon on the 
remote device, and this received input is used to control the pool 
cleaner (equipment). Cui, p.6, FIG.4; Janét, ¶209. 
 

209. As explained above in §VII.C.4.a (17[a]), Cui’s interface 
16 includes interactive control icons allowing user selections. A 
POSITA would have understood that Cui’s system receives a 
control input from the user when the user interacts with these 
prompted icons (e.g., clicking “Start” or “Manual”) on the 
remote device. This received input is used for controlling the 
pool cleaner (equipment), as Cui explicitly states that these 
commands determine the operation (automatic/manual/stop) of 
the cleaner. Cui, p.6, FIG.4. 
 
210. Therefore, it is my opinion that Cui and Hsu render Claim 7 
obvious. 

       D. Ground 2A: Claims 1-3, 5-7, 12, 14, and 19 are  
            Unpatentable over Knoll 
 
                 1. Knoll 
 
Knoll (EX1006), which is analogous art, discloses an 
autonomous robotic pool cleaning vehicle. Knoll, Title, Abstract, 
[0001]-[0002], [0007], [0021], [0027], FIG. 1 (reproduced 
below); Janét, ¶211. 
 
 
[images omitted] 
 
Knoll’s system includes robotic vehicle 1 with drive means 12, 
digital camera 6, and control unit 11 for controlling the drive 
means. Knoll, [0007], [0027]-[0028], Claim 1, FIG.1.  
 
The robotic vehicle is “a pool robot with a suction and/or filter 
and/or cleaning device” that operates on working area 3 formed 
by the pool bottom and delimited by boundary surface 4 (pool 
walls). Knoll, [0007], [0027]-[0028], FIG.2 (reproduced below). 

       D. Ground 2A: Claims 1-3, 5-7, 12, 14, and 19 are 
            Unpatentable over Knoll 
 
                 1. Knoll 
 
211. Knoll (EX1006), which is analogous art and in the same 
field as the ’207 Patent, discloses an autonomous robotic pool 
cleaning vehicle with camera-based distance detection. Knoll, 
Title, Abstract, [0001]-[0002], [0007], [0021], [0027], Fig. 1 
(reproduced below). 
 
[images omitted] 
 
212. Knoll’s system includes robotic vehicle 1 with drive means 
12, distance-determining device 5 comprising digital camera 6 
and light beam source 7 rotatably mounted on mounting plate 8, 
and control unit 11 for controlling the drive means. Knoll, 
[0007], [0027]-[0028], Claim 1, FIG.1. The robotic vehicle is “a 
pool robot with a suction and/or filter and/or cleaning device” 
that operates on working area 3 formed by the pool bottom and 
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[images omitted] 
 
       2. Claim 1 
 
Knoll discloses or suggests Claim 1. Janét, ¶¶214-243. 
 
               a. 1[pre] 
 
 
 
 
Knoll discloses or suggests 1[pre]. Janét, ¶¶215-218. 
 
Knoll discloses an “autonomous robotic vehicle 1 designed as a 
pool cleaning vehicle” with a control unit 11 that controls drive 
means 12 “for driving and steering.” Knoll, Abstract; [0027]-
[0028]; Claims 2, 4, 14, FIG. 1 (annotated below). 
 
 
 
[images omitted] 

delimited by boundary surface 4 (pool walls). Knoll, [0007], 
[0027]-[0028], Figs. 1-2.  
 
213. Knoll’s camera 6 captures images of the boundary surface, 
which evaluation unit 10 processes to derive “quasi-continuously 
determined smallest distance measurement values” relative to 
the boundary. Knoll, [0028]. Control unit 11 uses these image-
derived values to “automatically calculate[] a trajectory” and 
generate control signals that “control[] the drive means 12” to 
move the vehicle “away from or toward” the boundary to 
maintain a “defined distance.” Knoll, [0028], Claim 2, FIG. 2 
(reproduced below). 
 
[images omitted] 
 
     2. Claim 1 
 
214. In my opinion, Knoll discloses or suggests Claim 1. 
 

a. 1[pre] “A self-propelled pool cleaning system for 
                     cleaning debris from a submerged surface of a 
                     swimming pool, comprising” 
 
215. It is my opinion that Knoll discloses or suggests 1[pre]. 
 
216. Knoll discloses an “autonomous robotic vehicle 1 designed 
as a pool cleaning vehicle” with “drive means (12) for driving 
and steering” and a control unit 11 that controls drive means 
12 and is “designed to automatically calculate a trajectory.” 
Knoll, Abstract; [0027]-[0028]; Claims 2, 4, 14, FIG. 1 
(annotated below). 
 
[images omitted] 
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Knoll’s robotic vehicle is a self-propelled pool cleaning system, 
because it includes “suction and/or filter and/or cleaning device” 
and its “drive means” propels the vehicle under the control of the 
control unit. Knoll, [0007], [0028]; Janét, ¶217. 
 
 
Knoll’s robotic vehicle cleans debris from a submerged surface 
of a swimming pool, because it includes a suction/filter/cleaning 
device and operates on a working area 3 formed by the pool 
bottom. Knoll, [0021], [0027]-[0028], FIG. 1 (below); Janét, 
¶218.  
A POSITA would have understood that Knoll’s robotic vehicle 
is intended to operate in filled pools and thus cleans debris from 
submerged pool surfaces. Janét, ¶218. 
 
[images omitted] 
 
 
 
       b. 1[a] 
 
Knoll discloses or suggests 1[a]. Janét, ¶¶219-220. 
 
Knoll’s robotic vehicle 1 (pool cleaning system) includes, 
among others, drive means 12 “for generating propulsion and for 
steering,” control unit 11 that “controls the drive means,” and 
“suction and/or filter and/or cleaning device.” Knoll, Abstract, 
[0007], [0021], [0027]-[0028], Claims 1-2, 14, FIG.1 (below).  
 
A POSITA would have understood that Knoll’s robotic vehicle 
includes a “vehicle body” containing these components. Janét, 
¶220. 

 
217. Knoll’s robotic vehicle is a self-propelled pool cleaning 
system because it is a “pool robot with a suction and/or filter 
and/or cleaning device” and its “drive means” propels the 
vehicle under the control of the control unit. Knoll, [0007], 
[0028]. 
 
218. Knoll’s robotic vehicle equipped with a 
suction/filter/cleaning device, cleans debris from a submerged 
surface of a swimming pool because it operates on a working 
area 3 formed by the pool bottom and “delimited by four pool 
walls…forming a circumferential boundary surface 4.” Knoll, 
[0021], [0027]–[0028], FIG. 1 (below). A POSITA would have 
understood that the pool bottom and walls are submerged when 
the pool is in normal service, and pool-cleaning robots are 
intended to operate in filled pools, so the device cleans debris 
from submerged pool surfaces. 
 
[images omitted] 
 
               b. 1[a] “a. a vehicle body” 
 
219. In my opinion, Knoll discloses or suggests 1[a]. 
 
220. Knoll’s robotic vehicle 1 (pool cleaning system) includes 
various components: drive means 12 “for generating propulsion 
and for steering,” control unit 11 that “controls the drive means” 
and is “designed to automatically calculate a trajectory of the 
robotic vehicle (1),” and “suction and/or filter and/or cleaning 
device.” Knoll, Abstract, [0007], [0021], [0027]-[0028], Claims 
1-2, 14, FIG.1 (below). A POSITA would have understood that 
Knoll’s robotic vehicle— comprising the integrated physical 
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[images omitted] 
 
 
               c. 1[b] 
 
Knoll discloses or suggests 1[b]. Janét, ¶¶221-224. 
 
The format and content of 1[b] invokes §112(f)/⁋6. As explained 
in §III.D, the function is “moving the vehicle body within the 
swimming pool,” and the corresponding structures include 
wheels, rollers, tracks, other surface contacting members 
powered by a motor. EX1001, 3:33-45, 10:15-17, FIGS. 9-10; 
Janét, ¶222. 
 
 
Knoll’s FIG. 1 (annotated below) shows robotic vehicle 1 with 
drive means 12 and wheels contacting the pool bottom surface. 
 
[images omitted] 
 
 
Knoll describes that “drive means (12) for driving and steering 
the robotic vehicle (1)” are configured “for generating 
propulsion and for steering the robotic vehicle 1.” Knoll, 
Abstract, Claims 1, 14, [0028]; Janét, ¶224.  
 
 
 
Knoll’s drive means 12 and wheels constitute the claimed 
corresponding structure, because they would be powered by a 

structure with these components—includes a “vehicle body” 
hosting these components. 
 
[images omitted] 
 

c.  1[b] “b. means for moving the vehicle body 
   within the swimming pool” 

 
221. It is my opinion that Knoll discloses or suggests 1[b]. 
 
222. The format and content of 1[b] invokes AIA 35 U.S.C. 
§112(f) or pre-AIA 35 U.S.C. §112⁋6. As explained in §VI.C, 
the recited function of this meansplus-function limitation is 
“moving the vehicle body within the swimming pool,” and the 
corresponding structures are wheels, rollers, tracks, other surface 
contacting members powered by a motor, a vacuum, or a liquid 
jet. EX1001, 3:33-45, 10:15-17, FIGS. 9-10. 
 
223. Knoll’s Fig. 1 (annotated below) shows robotic vehicle 1 
with drive means 12 and wheels contacting the pool bottom 
surface within working area 3. Knoll, Fig. 1. 
 
[images omitted] 
 
224. Knoll describes that “drive means (12) for driving and 
steering the robotic vehicle (1)” are configured “for generating 
propulsion and for steering the robotic vehicle 1.” Knoll, 
Abstract, Claims 1, 14, [0028]. A POSITA would have 
understood that Knoll’s drive means 12 comprises motor(s) 
powering the wheels, because generating propulsion and steering 
for a wheeled robotic vehicle would have included motor-driven 
wheel rotation. Knoll’s drive means 12 and wheels satisfy the 
corresponding structure disclosed in the ’207 Patent because 

Patent Owner Zodiac Pool Systems LLC 
Exhibit 2021 - Page 42 of 99



 

 

motor to propel the vehicle body to travel on the pool’s 
submerged surfaces. See EX1001, 3:33-39 (describing wheels 
that propel the vehicle “along the submerged pool surfaces” and 
are “powered by a motor”); Knoll, Abstract, Claims 1, 14, 
[0028], FIG. 1 (showing wheels); Janét, ¶224.  
 
 
Knoll’s motor-powered wheel structure also performs the 
claimed function of “moving the vehicle body within the 
swimming pool.” Id. 
 
 
               d. 1[c] 
 
Knoll discloses or suggests 1[c]. Janét, ¶¶225-227. 
 
Knoll discloses this limitation, because its pool cleaning robot 
includes “a filter device and/or suction device.” Knoll, [0007], 
[0021]. Knoll describes its robot operates on “working area 
3...formed by the bottom of the pool” and its control unit is 
“located inside the robotic vehicle in a waterproof housing.” 
Knoll, [0008], [0027].  
 
 
 
A POSITA would have understood that Knoll’s filter device 
retains debris collected by its suction device from the submerged 
pool surface, because Knoll’s robot operates on the bottom of 
the pool, and Knoll’s filter device captures and retains debris 
while allowing clean water to pass through. Janét, ¶227. 
 
 
 

both use wheels that contact the pool’s submerged surfaces and 
are powered by a motor to propel the vehicle body. Specifically, 
the ’207 Patent discloses wheels that propel the vehicle “along 
the submerged pool surfaces” and are “powered by a motor” 
(EX1001, 3:33-39), and Knoll similarly discloses wheels (shown 
in Figure 1) that contact the pool bottom surface (a submerged 
surface) and are powered by motor(s) (as part of drive means 12) 
to move robotic vehicle 1. Knoll’s motor-powered wheel 
structure performs the claimed function of “moving the vehicle 
body within the swimming pool.” 
 

d. 1[c] “c. a filter configured to retain debris  
collected from the submerged surface” 

 
225. It is my opinion that Knoll discloses or suggests 1[c]. 
 
226. Knoll discloses this limitation because its pool cleaning 
robot includes “a filter device and/or suction device.” Knoll, 
[0007], [0021].  Knoll describes its robot operates on “working 
area 3...formed by the bottom of the pool” and its control unit is 
“located inside the robotic vehicle in a waterproof housing.” 
Knoll, [0008], [0027]. 
 
227. A POSITA would have understood that Knoll’s suction 
device draws water containing debris from the pool’s submerged 
surfaces by suction, and the filter device retains this collected 
debris, because Knoll’s robot operates on the bottom of 
the pool and has “waterproof housing” for its control unit (Knoll, 
[0008]), and the filters in pool cleaning systems, like Knoll’s, 
capture and retain debris while allowing clean water to pass 
through, preventing debris from recirculating back into the pool. 
A POSITA would have recognized that the inclusion of a “filter 
device” on a submerged mobile cleaner inherently requires a 
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            e. 1[d] 
 
 
Knoll discloses or suggests 1[d]. Janét, ¶¶228-233. 
 
While the ’207 Patent does not explicitly define “first object,” it 
describes that “[i]n other implementations, cameras 32 merely 
capture images of submerged surfaces 26, 28 of pool 22,” which 
are the bottom and side walls of the pool. EX1001, 
3:53-55; FIG. 1 (annotated below). 
 
[image omitted] 
 
 
 
 
 
Similarly, Knoll teaches capturing images of substantially 
similar features by its camera 6—boundary surface 4 (and 
boundary lines) formed by pool walls that delimit “working area 
3.” Knoll, [0018], [0028], FIG. 1 (annotated below); Janét, 
¶¶230-231. 
 
[image omitted] 
 
Knoll describes that “a light beam is focused on the boundary 
line or boundary surface and observed with a camera,” and 

configuration capable of separating and holding solid 
particulates from the water stream generated by the suction 
device, as this is the fundamental mechanism by which such 
robotic systems achieve the described cleaning of the pool 
bottom. 
 

e. 1[d] “d. at least one camera for capturing an image  
of at least a first object within the swimming pool” 

 
228. It is my opinion that Knoll discloses or suggests 1[d]. 
 
229. While the ’207 Patent does not explicitly define “first 
object,” it describes that “[i]n other implementations, cameras 32 
merely capture images of submerged surfaces 26, 28 of pool 
22,” which are the bottom and side walls of the pool. EX1001, 
3:53-55; FIG. 1 (annotated below). 
 
[image omitted] 
 
230. Consistent with this description, Knoll teaches capturing 
images of substantially similar features—specifically, boundary 
surfaces/lines within the pool.  
 
231. Specifically, Knoll’s robotic vehicle 1 includes camera 6 
positioned to observe “boundary line” and/or “boundary surface 
4” formed by pool walls that delimit “working area 3.” Knoll, 
[0018], [0028], FIG. 1 (annotated below). 
 
 
[image omitted] 
 
232. Knoll describes that “a light beam is focused on the 
boundary line or boundary surface and observed with a 
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explains that “the angle at which the light beam is observed 
changes and thus the position of its image on the camera’s photo 
sensor changes” when the “distance of the boundary line or the 
boundary surface (measurement object) from the sensor (e.g., a 
camera) changes.” Knoll, [0018]. Knoll explains that the 
boundary line/surface can be “arranged at a distance from the 
outer boundaries of the working area” and thus within the pool. 
Knoll, [0007]. Knoll further describes a “digital camera” 
detecting “obstacles” (first object) when “the obstacles reflect 
the light beam into the digital camera.” Knoll, [0015]. 
 
 
A POSITA would have understood that Knoll’s camera captures 
images of the boundary line/surface or obstacle (first object) 
within the pool, because the “image” on the photo sensor of the 
camera includes the light reflected off the boundary line/surface 
or obstacle. Janét, ¶233. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

camera,” and explains that “the angle at which the light beam is 
observed changes and thus the position of its image on the 
camera’s photo sensor changes” as the “distance of the boundary 
line or the boundary surface (measurement object) from the 
sensor (e.g., a camera) changes.” Knoll, [0018]. Knoll explains 
that the boundary line/surface can be “arranged at a distance 
from the outer boundaries of the working area” and thus within 
the pool. Knoll, [0007]. Knoll also describes a “digital camera” 
detecting “obstacles” (first object) within the working area as 
“the obstacles reflect the light beam into the digital camera.” 
Knoll, [0015]. 
 
233. A POSITA would have understood that Knoll’s camera 
captures images of the boundary line/surface or obstacle (first 
object within the swimming pool) within the pool, because the 
“image” on the photo sensor of the camera includes the light 
reflected off the boundary line/surface or obstacle, and thus 
would include the surrounding surfaces of the pool. Knoll, 
[0015]. Furthermore, Knoll explicitly discloses that the distance-
determining device can operate via “a time-of-flight 
measurement of the, preferably time-modulated, light beam.” 
Knoll, [0019]; see also id., [0016] (discussing “time-of-flight 
measurement of the measurement signal”). A POSITA would 
have understood that an optical sensor performing time-of-flight 
(ToF) measurements using reflected light constitutes a type of 
“camera”— specifically, a depth camera, 3D camera, or LiDAR 
(Light Detection and Ranging) system. A POSITA would have 
further understood that such ToF systems capture an “image” 
(e.g., a depth map, 3D point cloud, or intensity image) of the 
target object (the boundary or obstacle) to determine its distance 
and geometry. Therefore, when Knoll describes using a sensor to 
detect reflected light for determining spatial characteristics, it is 
describing the capture of an image—specifically a range 
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             f. 1[e][i] 
 
 
 
Knoll discloses or suggests 1[e][i]. Janét, ¶¶234-237. 
 
Knoll’s control unit 11 constitutes a “controller,” because it “has 
a controlling effect on the... drive means 12 for generating 
propulsion and for steering the robotic vehicle 1” and 
“automatically determine[s]” the vehicle’s trajectory. Knoll, 
[0028]-[0029]; Janét, ¶235. 
 
 
Control unit 11 (controller) is in electronic communication with 
camera 6, because, to calculate distance values from images 
captured on camera 6, control unit 11 would receive data from 
camera 6.  
 
 
 
 
 
Knoll, [0018], [0028] (describing its “distance-determining 
device uses the rotating light beam source and the rotating 
camera to determine the distance to the boundary line or 
boundary surface” and that the device includes “an evaluation 
unit 10 for evaluating or determining the measured distance 
values,” with “the evaluation unit 10 [being] part of a control 

image—of the physical obstacles or boundaries (objects) present 
in the environment. Thus, Knoll’s disclosure of light-based time-
of-flight measurements further satisfies the limitation of a 
camera capturing an image of an object within the pool. 
 

f. 1[e][i] “e. a controller (i) in electronic  
communication with the at least one camera 
and” 

 
234. In my opinion, Knoll discloses or suggests 1[e][i]. 
 
235. Knoll discloses a “control unit 11” that constitutes the 
claimed “controller.” Knoll, [0028]. Control unit 11 functions as 
a controller because it “has a controlling effect on the... drive 
means 12 for generating propulsion and for steering the robotic 
vehicle 1” and “automatically determine[s]” the vehicle’s 
trajectory. Knoll, [0028]-[0029]. 
 
236. Knoll’s control unit 11 (controller) is in electronic 
communication with the at least one camera (digital camera 6). 
Knoll, [0028]. As shown in FIG. 1, Knoll’s evaluation unit 10 
(part of control unit 11) is connected to camera 6 via a 
wire/cable, so that evaluation unit 10 can receive the camera’s 
image data. Knoll, [0028], FIG. 1 (annotated below). 
 
[image omitted] 
 
237. Knoll describes that its “distance-determining 
device...comprises a...digital camera 6” and includes “an 
evaluation unit 10 for evaluating or determining the measured 
distance values” derived from the camera. Knoll, [0028]. 
Crucially, Knoll states that “the evaluation unit 10 is part of a 
control unit 11.” Id.  Knoll describes that its “distance-
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unit 11.”), FIG. 1 (annotated below, illustrating evaluation unit 
10 (part of control unit 11) is connected to camera 6 via a 
wire/cable); Janét, ¶¶236-237. 
 
[image omitted] 
 
               
 
 
 
 
 
 
 
 
 
 
 
 
 g. 1[e][ii] 
 
 
 
Knoll discloses or suggests 1[e][ii]. Janét, ¶¶238-242. 
 
Knoll teaches that control unit 11 “controls the drive means 12 
as a function of…determined smallest distance measurement 
values” to the boundary line or boundary surface. Knoll, [0028]. 
The “control signal” is generated “in response to the captured 
image” because, as explained in §IV.D.2.e (1[d]), the distance 
measurement values that form the basis for the control signal 
generation are derived from images captured by digital camera 6 
observing the boundary surface (the first object). Janét, ¶239. 

determining device uses the rotating light beam source and the 
rotating camera to determine the distance to the boundary line 
or boundary surface by triangulation” and that the device 
includes “an evaluation unit 10 for evaluating or determining 
the measured distance values,” with “the evaluation unit 10 
[being] part of a control unit 11.” Knoll, [0028]. Knoll further 
explains that “a light beam is focused on the boundary line or 
boundary surface and observed with camera,” and that as “the 
angle at which the light beam is observed changes…the position 
of its image on the camera’s photo sensor changes,” with 
“[t]he distance…then calculated from the change in position.” 
Knoll, [0018]. A POSITA would have understood that control 
unit 11 is in electronic communication with camera 6, because, 
to calculate distance values from images captured on the camera, 
evaluation unit 10 (part of control unit 11) would receive data 
from camera 6 for processing. Knoll, [0018], [0028]. 
 

g. 1[e][ii] “(ii) configured to generate, in response 
to the captured image, at least one control 
signal to cause movement of the body within 
the swimming pool to, or away from, the first 
object.” 

 
238. In my opinion, Knoll discloses or suggests 1[e][ii]. 
 
239. Knoll teaches that control unit 11 “controls the drive means 
12 as a function of…quasi-continuously determined smallest 
distance measurement values” to the boundary line or boundary 
surface (the measurement object). Knoll, [0028]. The “at least 
one control signal” is generated “in response to the captured 
image” because, as explained in §VII.D.2.e (1[d]), the distance 
measurement values that form the basis for the control signal 
generation are derived from images captured by digital camera 6 
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Knoll explains that the “trajectory for the robotic vehicle 1…was 
automatically determined by the control unit 11 on the basis of 
the determined distance to the boundary surface 4.” Knoll, 
[0029], FIG. 2 (reproduced below). 
 
 
[image omitted] 
 
 
A POSITA would have understood that the trajectory in Figure 
2— comprising path segments following the contour of 
boundary line/surface 4 at different offsets—results from control 
unit 11’s repeatedly adjusting drive means 12 (based on the 
measured distance, which is, in turn, determined using image 
data) to maintain an appropriate spacing from boundary 
line/surface 4. Knoll, [0029], FIG. 2; Janét, ¶241. A POSITA 
also would have understood that, to maintain that spacing from 
the boundary line/surface, Knoll’s control unit 11 would 
generate drive-control signals that adjust the vehicle movement 
based on the measured distance—causing the vehicle body to 
move away from the boundary line/surface (first object) when 
the measured distance becomes too small and toward the 
boundary line/surface when the measured distance becomes too 
large. Id. In this way, Knoll’s control unit 11 is configured to 
generate, in response to the images captured by camera 6, 
control signals causing the vehicle movement to, or away from 
Knoll’s boundary line/surface (first object). Janét, ¶241. 
Additionally, Knoll teaches that its camera detects obstacles that 
“reflect the light beam into the digital camera,” and the control 
unit is configured to cause the robot “to drive around the 
obstacle.” Knoll, [0015]. A POSITA would have understood that 

observing the boundary surface (the “first object” or 
“measurement object”). 
 
240. Knoll explains that the “trajectory for the robotic vehicle 
1…was automatically determined by the control unit 11 on the 
basis of the determined distance to the boundary surface 4.” 
Knoll, [0029], FIG. 2. 
 
 
[image omitted] 
 
241. A POSITA would have understood that the trajectory in 
Figure 2— comprising path segments that follow the contour of 
boundary line/surface 4 at different offsets—results from control 
unit 11 repeatedly adjusting drive means 12 based on the 
measured distance so as to maintain an appropriate spacing from 
boundary line/surface 4 while traversing working area 3. Knoll, 
[0029], FIG. 2. A POSITA also would have understood that, to 
maintain a desired spacing from the boundary line/surface 4 that 
delimits working area 3, Knoll’s control unit 11 would generate 
drive-control signals that adjust vehicle motion based on the 
measured distance—causing the vehicle body to move away 
from the boundary line/surface (first object) when the measured 
distance becomes too small (vehicle approaching the boundary) 
and toward the boundary line/surface when the measured 
distance becomes too large (vehicle drifting away). Id. In this 
way, Knoll’s control unit 11 is configured to generate, in 
response to the images captured by camera 6, at least one control 
signal that causes movement of the body within the swimming 
pool to, or away from, the first object, where the first object is 
Knoll’s boundary line/surface 4.  A POSITA would have 
recognized that this “wall-following” or “contouring” behavior 
relies on a closed-loop feedback mechanism where the error 
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to “drive around” a detected obstacle (first object), Knoll’s 
control unit would generate signals causing the vehicle body to 
move away from the obstacle. Janét, ¶242. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       3. Claim 2 
 
Knoll discloses or suggests Claim 2. Janét, ¶¶244-263. 
 
               a. 2[pre] 
 
Knoll discloses or suggests 2[pre]. Janét, ¶¶245-247. 
 

signal (the difference between current distance and target 
distance) directly drives the steering actuation, allowing 
corrective movements both “to” and “away from” the boundary 
to correct for drift and navigation errors. 
 
242. Additionally, Knoll teaches generating control signals to 
cause movement “away from” a detected obstacle (first object). 
Knoll, [0015]. Knoll explains that its camera detects obstacles 
because they “reflect the light beam into the digital camera,” and 
in response, the control unit is configured so that “obstacles are 
bypassed” or the robot “drive[s] around the obstacle.” Knoll, 
[0015]. A POSITA would have understood that to “bypass” or 
“drive around” a detected obstacle (first object), the control unit 
would generate signals causing the vehicle body to move away 
from the obstacle to avoid collision. A POSITA would have 
understood that the operational command to “bypass” an object 
located in the robot’s current path would require a vector change 
in the robot’s trajectory that increases the lateral distance 
between the robot and that object—effectively moving the body 
“away from” the potential collision point. 
 
243. Therefore, it is my opinion that Knoll renders Claim 1 
obvious. 
 
       3. Claim 2 
 
244. In my opinion, Knoll discloses or suggests Claim 2. 
 
            a. 2[pre] “A pool system comprising” 
 
245. It is my opinion that Knoll discloses or suggests 2[pre]. 
 

Patent Owner Zodiac Pool Systems LLC 
Exhibit 2021 - Page 49 of 99



 

 

Knoll discloses a pool cleaning system operating within a 
swimming pool, because it discloses “autonomous robotic 
vehicle 1 designed as a pool cleaning vehicle” with a control unit 
11, drive means 12, and distance-determining device 5 
comprising a camera 6 that operates within a swimming pool. 
Knoll, [0027]-[0028], FIG. 1 (annotated below); see also 
§IV.D.2.a (1[pre]); Janét, ¶246. 
 
[image omitted] 
 
 
 
 
 
 
 
 
 
            b. 2[a] 
 
 
Knoll discloses or suggests 2[a]. Janét, ¶¶248-249. 
 
Knoll discloses an “autonomous robotic vehicle 1 designed as a 
pool cleaning vehicle” with “drive means (12)” that propel the 
vehicle under control of “control unit 11.” Knoll, Abstract; 
[0027]-[0028], Claims 2, 4, 14, FIG. 1; see also §IV.D.2.a 
(1[pre]).  
 
A POSITA would have understood that Knoll’s robotic vehicle 
(and/or various components thereof) is “equipment for a 
swimming pool” because it operates within the swimming pool 
to clean pool surfaces. Janét, ¶249. 

246. Knoll discloses a pool cleaning system operating within a 
swimming pool. See §VII.D.2.a (1[pre]). Specifically, Knoll 
describes the “autonomous robotic vehicle 1 designed as a pool 
cleaning vehicle” with a control unit 11, drive means 12, and 
distance-determining device 5 comprising a camera 6 that 
operates within a swimming pool on working area 3 delimited 
by boundary surface 4. Knoll, [0027]-[0028], FIG. 1 (annotated 
below). 
 
[image omitted] 
 
247. A POSITA would have understood that Knoll’s integrated 
system of robotic vehicle with camera, control unit, and 
associated equipment operating within a swimming pool 
constitutes a “pool system” because Knoll’s system performs a 
specific function (cleaning) within a specific environment—a 
pool). 
 

b. 2[a] “at least one piece of equipment for a  
swimming pool or spa 

 
248. In my opinion, Knoll discloses or suggests 2[a]. 
 
249. Knoll discloses control unit 11 as a controller for robotic 
vehicle 1.  Knoll, [0028], Fig. 1; see also §VII.D.2.a (1[pre]). 
Knoll discloses an “autonomous robotic vehicle 1 designed as a 
pool cleaning vehicle” with “drive means (12)” that 
propel the vehicle under control of “control unit 11.” Knoll, 
Abstract; [0027]-[0028], Claims 2, 4, 14, FIG. 1; see also 
§VII.D.2.a (1[pre]). A POSITA would have understood that 
Knoll’s robotic vehicle (and/or various components thereof) is 
“equipment for a swimming pool” because it operates within the 
swimming pool to clean pool surfaces. See also EX1001, Claims 
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             c. 2[b] 
 
 
Knoll discloses or suggests 2[b]. Janét, ¶¶250-251. 
 
Knoll’s robotic vehicle 1 includes camera 6 that captures images 
of the boundary line/surface (a portion of a location) of the 
swimming pool. Knoll, Claim 8, [0015], [0018], [0027]-[0028], 
FIG. 1.; see also §IV.D.2.e (1[d]). 
 
             
 
 
 
               d. 2[c][i] 
 
Knoll discloses or suggests 2[c][i]. Janét, ¶¶252-255. 
 
Knoll discloses control unit 11 as a controller for robotic vehicle 
1. Knoll, [0028], FIG. 1 (annotated below); Janét, ¶253; see also 
§§IV.D.2.a, IV.D.2.f (1[pre], 1[e][i]). 
 
[image omitted] 
 
Knoll’s control unit controls drive means 12 to move robotic 
vehicle 1 in the pool based on image-derived distance values. 
Knoll, [0028]-[0029], FIG. 2; Janét, ¶254; see also §§IV.D.2.a, 
IV.D.2.g (1[pre], 1[e][ii]). A POSITA would have understood 
that, to control drive means 12, control unit 11 would be in 

1, 3 (reciting similar equipment of a pool system); §VII.D.2.a 
(1[pre]). 
 

c. 2[b] “one or more cameras configured to 
capture video or images of at least a portion of 
a location including the swimming pool or spa” 
 

250. In my opinion, Knoll discloses or suggests 2[b]. 
 
251. Knoll’s robotic vehicle 1 includes camera 6 that captures 
images of the boundary line/surface (a portion of a location) of 
the swimming pool and images of obstacles within the working 
area 3 “formed by the bottom of the pool” (a portion of a 
location) of the swimming pool. Knoll, Claim 8, [0015], [0018], 
[0027]-[0028], FIG. 1.; see also §VII.D.2.e (1[d]). 
 

d. 2[c][i] “a controller in communication with the 
at least one piece of equipment and the one or 
more cameras” 

 
252. It is my opinion that Knoll discloses or suggests 2[c][i]. 
 
253. Knoll discloses control unit 11 as a controller for robotic 
vehicle 1.  Knoll, [0028], FIG. 1 (annotated below); see also 
§§VII.D.2.a, VII.D.2.f (1[pre], 1[e][i]). 
 
[image omitted] 
 
254. Knoll’s control unit controls drive means 12 to move 
robotic vehicle 1 in the pool based on image-derived distance 
values. Knoll, [0028]–[0029], Fig. 2; see also §§VII.D.2.a, 
VII.D.2.g (1[pre], 1[e][ii]). A POSITA would have understood 
that, to control drive means 12, control unit 11 would be in 
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communication with drive means 12, and thus with vehicle 1 
(equipment) because drive means 12 is part of the vehicle. Janét, 
¶254. 
 
Further, control unit 11 (controller) is in communication with 
camera 6 to receive images. See §IV.D.2.f (1[e][i]). 
 
 
               e. 2[c][ii] 
 
 
 
 
Knoll discloses or suggests 2[c][ii], because Knoll’s controller 
receives images (visual data) from camera 6, and determines and 
generates control signal (control action) to control movement of 
vehicle 1 (equipment) based on the images.  See §§IV.D.2.f-
IV.D.2.g (1[e][i]-1[e][ii]); Janét, ¶¶256-263.  
 
Specifically, Knoll discloses a “control unit 11” acting as the 
claimed “controller” that exerts a controlling effect on the drive 
means 12 to automatically determine vehicle trajectory (Knoll, 
[0028]-[0029]).  
 
 
 
This controller is in electronic communication with digital 
camera 6 via an evaluation unit 10, which processes captured 
image data to calculate distances through triangulation by 
observing the position of reflected light on the camera’s photo 
sensor ([0018], [0028], FIG. 1).  
 
 

communication with drive means 12, and thus with vehicle 1 
(equipment) because drive means 12 is part of the vehicle. 
 
 
255. Further, control unit 11 (controller) is in communication 
with camera 6 to receive images. See §VII.D.2.f (1[e][i]). 
 

e. 2[c][ii] “the controller configured to receive 
visual data from the one or more cameras and 
determine a control action for the at least one 
piece of equipment based on the received visual 
data.” 

 
256. In my opinion, Knoll discloses or suggests 2[c][ii] because 
Knoll’s controller receives images (visual data) from camera 6, 
and determines and generates control signal (control action) to 
control movement of vehicle 1 (equipment) based on the images. 
See §§VII.D.2.f-VII.D.2.g (1[e][i]-1[e][ii]). 
 
257. Knoll discloses a “control unit 11” that constitutes the 
claimed “controller.” Knoll, [0028]. Control unit 11 functions as 
a controller because it “has a controlling effect on the... drive 
means 12 for generating propulsion and for steering the robotic 
vehicle 1” and “automatically determine[s]” the vehicle’s 
trajectory. Knoll, [0028]-[0029]. 
 
258. Knoll’s control unit 11 (controller) is in electronic 
communication with the at least one camera (digital camera 6). 
Knoll, [0028]. As shown in FIG. 1, Knoll’s evaluation unit 10 
(part of control unit 11) is connected to camera 6 via a 
wire/cable, so that evaluation unit 10 can receive the camera’s 
image data. Knoll, [0028], FIG. 1 (annotated below). 
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[image omitted] 
 
259. Knoll describes that its “distance-determining 
device...comprises a...digital camera 6” and includes “an 
evaluation unit 10 for evaluating or determining the measured 
distance values” derived from the camera. Knoll, [0028]. 
Crucially, Knoll states that “the evaluation unit 10 is part of a 
control unit 11.” Id. Knoll describes that its “distance-
determining device uses the rotating light beam 
source and the rotating camera to determine the distance to the 
boundary line or boundary surface by triangulation” and that the 
device includes “an evaluation unit 10 for evaluating or 
determining the measured distance values,” with “the evaluation 
unit 10 [being] part of a control unit 11.” Knoll, [0028]. Knoll 
further explains that “a light beam is focused on the boundary 
line or boundary surface and observed with camera,” and that as 
“the angle at which the light beam is observed changes…the 
position of its image on the camera’s photo sensor changes,” 
with “[t]he distance…then calculated from the change in 
position.” Knoll, [0018]. A POSITA would have understood 
that control unit 11 is in electronic communication with 
camera 6, because, to calculate distance values from images 
captured on the camera, evaluation unit 10 (part of control unit 
11) would receive data from camera 6 for processing. Knoll, 
[0018], [0028]. 
 
260. Knoll teaches that control unit 11 “controls the drive means 
12 as a function of…quasi-continuously determined smallest 
distance measurement values” to the boundary line or boundary 
surface (the measurement object). Knoll, [0028].  The “at least 
one control signal” is generated “in response to the captured 
image”  ecause, as explained in §VII.D.2.e (1[d]), the distance 
measurement values that form the basis for the control signal 
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Consequently, the controller generates control signals in 
response to these captured images to adjust movement "to" or 
"away from" a first object (such as boundary surface 4 or a 
detected obstacle) to maintain a defined spacing or execute 

generation are derived from images captured by digital camera 6 
observing the boundary surface (the “first object” or 
“measurement object”). 
 
261. Knoll explains that “the previously described trajectory for 
the robotic vehicle 1…was automatically determined by the 
control unit 11 on the basis of the determined distance to the 
boundary surface 4,” so that “almost the entire working area 3,” 
and if desired the entire working area, can be covered. Knoll, 
[0029], FIG. 2. 
 
[image omitted] 
 
262. A POSITA would have understood that the trajectory in 
Figure 2— comprising path segments that follow the contour of 
boundary line/surface 4 at different offsets—results from control 
unit 11 repeatedly adjusting drive means 12 based on the 
measured distance so as to maintain an appropriate spacing from 
boundary surface 4 while traversing working area 3. Knoll, 
[0029], FIG. 2. A POSITA also would have understood that, to 
maintain a desired spacing from the boundary line/surface that 
delimits working area 3, Knoll’s control unit 11 would generate 
drive-control signals that adjust vehicle motion based on the 
measured distance—causing the vehicle body to move away 
from the boundary surface (first object) when the measured 
distance becomes too small (vehicle approaching the boundary) 
and toward the boundary surface when the measured distance 
becomes too large (vehicle drifting away). Id. In this way, 
Knoll’s control unit 11 is configured to generate, in response to 
the images captured by camera 6, at least one control signal that 
causes movement of the body within the swimming pool to, or 
away from, the first object, where the first object is Knoll’s 
boundary surface 4 / boundary line. A POSITA would have 
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bypass maneuvers ([0015], [0028], [0029], FIG. 2).  A POSITA 
would recognize this as a closed-loop feedback mechanism 
where image-derived distance values directly drive steering 
actuation to correct for navigation errors relative to objects 
within the pool. Janét, ¶¶256-263. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Claim 3 
 
Claim 3 depends from Claim 2. Knoll discloses or suggests 
Claim 3. Janét, ¶¶264-267. 

recognized that this "wall-following" or "contouring" behavior 
relies on a closed-loop feedback mechanism where the error 
signal (the difference between current distance and target 
distance) directly drives the steering actuation, allowing 
corrective movements both "to" and "away from" the boundary 
to correct for drift and navigation errors. 
 
263. Additionally, Knoll teaches generating control signals to 
cause movement “away from” a detected obstacle (first object). 
Knoll, [0015]. Knoll explains that its camera detects obstacles 
because they “reflect the light beam into the digital camera,” and 
in response, the control unit is configured so that “obstacles are 
bypassed” or the robot “drive[s] around the obstacle.” Knoll, 
[0015]. A POSITA would have understood that to “bypass” or 
“drive around” a detected obstacle (first object), the control unit 
would generate signals causing the vehicle body to move away 
from the obstacle to avoid collision. A POSITA would have 
understood that the operational command to “bypass” an object 
located in the robot's current path would require a vector change 
in the robot's trajectory that increases the lateral distance 
between the robot and that object—effectively moving the body 
"away from" the potential collision point. 
 
       4. Claim 3 (“The pool system of claim 2, wherein the at  
           least one piece of equipment comprises a cleaning 
          device with one or more propulsion mechanisms, the 
           leaning device configured to travel adjacent to 
           submerged or water-containing surfaces of the  
           swimming pool or spa and to perform a cleaning 
           operation.”) 
 
264. Claim 3 depends from Claim 2. It is my opinion that Knoll 
discloses or suggests Claim 3. 
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Knoll’s robotic vehicle 1 (equipment) is “designed as a pool 
cleaning vehicle” with “drive means (12) for driving and 
steering the robotic vehicle (1)” that are “for generating 
propulsion and for steering.” Knoll, [0027]-[0028], Abstract, 
Claims 1, 14, FIG. 1. 
 
 
[image omitted] 
 
The robotic vehicle includes “suction and/or filter and/or 
cleaning device” and operates on “working area 3...formed by 
the bottom of the pool” that is “delimited by four pool 
walls...forming a circumferential boundary surface 4.” Knoll, 
[0027]-[0028], FIG. 1. A POSITA would have understood that 
Knoll’s robotic vehicle comprises a “cleaning device with one or 
more propulsion mechanisms” because it includes 
suction/filter/cleaning devices and drive means configured for 
generating propulsion and steering. Id.; Janét, ¶266. A POSITA 
would have also understood that this cleaning device is 
“configured to travel adjacent to submerged or water-containing 
surfaces of the swimming pool” because it operates on the pool 
bottom and is controlled to maintain a defined distance from the 
pool walls (traveling adjacent to these surfaces), and these 
surfaces are submerged when the pool is filled with water (the 
normal operational environment for pools). Id. A POSITA 
would have further understood that the cleaning device 
“perform[s] a cleaning operation,” because its 
suction/filter/cleaning devices remove debris from pool surfaces 
as it travels thereon. Janét, ¶266. 
 
 
 

 
265. Knoll’s robotic vehicle 1 constitutes “at least one piece of 
equipment.” See §VII.D.3.b (2[a]). It is “designed as a pool 
cleaning vehicle” with “drive means (12) for driving and 
steering the robotic vehicle (1)” that are “for generating 
propulsion and for steering.” Knoll, [0027]-[0028], Abstract, 
Claims 1, 14, FIG. 1. 
 
[image omitted] 
 
266. The robotic vehicle includes “suction and/or filter and/or 
cleaning device” and operates on “working area 3...formed by 
the bottom of the pool” that is “delimited by four pool 
walls...forming a circumferential boundary surface 4.” Knoll, 
[0027]-[0028], FIG. 1. A POSITA would have understood that 
Knoll’s robotic vehicle comprises a “cleaning device with one or 
more propulsion mechanisms” because it is a pool cleaning 
vehicle with integrated suction/filter/cleaning devices and drive 
means configured for generating propulsion and steering (the 
propulsion mechanisms). Id. A POSITA would have also 
understood that this cleaning device is “configured to travel 
adjacent to submerged or water-containing surfaces of the 
swimming pool” because it operates on the pool bottom and is 
controlled to maintain a defined distance from the pool walls 
(traveling adjacent to these surfaces), and these surfaces are 
submerged when the pool is filled with water (the normal 
operational environment for pools). Id. A POSITA would have 
further understood that the cleaning device is “configured 
to...perform a cleaning operation” because the robotic vehicle 
with its suction/filter/cleaning devices removes debris from pool 
surfaces as it travels thereon. 
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       5. Claim 5 
 
Claim 5 depends from Claim 2. Knoll discloses or suggests 
Claim 5. Janét, ¶¶268-270. 
 
A POSITA would have understood Knoll’s camera 6 mounted 
on the vehicle (equipment) because it is “arranged on a 
mounting plate 8” attached to the vehicle body. Knoll, [0028], 
FIG. 1 (annotated below); Janét, ¶269. 
 
[image omitted] 
 
        
 
 
 
 
 
 
       6. Claim 6 
 
Claim 6 depends from Claim 2. Knoll discloses or suggests 
Claim 6. Janét, ¶¶271-274. 
 
Knoll’s pool cleaning vehicle operates within the swimming 
pool to clean pool surfaces. See Knoll, [0027], [0021]; Janét, 
¶272; see also §IV.D.3.b (2[a]). Camera 6 is mounted on robotic 
vehicle 1, which operates on “working area 3...formed by the 
bottom of the pool.” Knoll, [0027], FIG.1; see also §IV.D.5 

267. Therefore, it is my opinion that Knoll renders Claim 3 
obvious. 
 

5. Claim 5 (“The pool system of claim 2, wherein the one 
or more cameras are mounted on the at least one 
piece of equipment.”) 

 
268. Claim 5 depends from Claim 2. In my opinion, Knoll 
discloses or suggests Claim 5. 
 
269. Knoll’s robotic vehicle 1 is equipped with a camera 6 that 
is “arranged on a mounting plate 8” attached to the vehicle 
body. Knoll, [0028], FIG. 1 (annotated below). A POSITA 
would have understood that because camera 6 is “arranged on a 
mounting plate 8” attached to the vehicle, the camera is mounted 
on the vehicle (equipment). Id. 
 
[image omitted] 
 
270. Therefore, it is my opinion that Knoll renders Claim 5 
obvious. 
 

6. Claim 6 (“The pool system of claim 2, wherein the 
one or more cameras are submergible or submerged 
within the swimming pool or spa.”) 

 
271. Claim 6 depends from Claim 2. It is my opinion that Knoll 
discloses or suggests Claim 6. 
 
272. Camera 6 is mounted on robotic vehicle 1, which operates 
on “working area 3...formed by the bottom of the pool.” Knoll, 
[0027], FIG.1; see also §VII.D.5 (Claim 5). Knoll describes the 
robotic vehicle as a “pool cleaning robot” whose “working 
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(Claim 5). 
 
 
 
[image omitted] 
 
 
POSITA would have understood that Knoll’s camera 6 is 
“submergible or submerged within the swimming pool” because 
the camera is mounted on robotic vehicle 1, which is submerged 
in a pool filled with water (the normal operational environment 
for pool cleaning devices). Janét, ¶273. 
 
 
 
 
 
 
 
 
       7. Claim 7 
 
Claim 7 depends from Claim 2. Knoll discloses or suggests 
Claim 7. Janét, ¶¶275-277. 
 
Knoll describes that control unit 11 (controller) detects presence 
of an obstacle (characteristic) within the working area 3 “formed 
by the bottom of the pool” (location) based on a captured image 
(visual data) and controls movement of vehicle 1 (equipment) 
based on the detected characteristic—to bypass the obstacle. See 
Knoll, [0015], [0028]. Janét, ¶276; see also §§IV.D.2.e-
IV.D.2.g, IV.D.3.c-IV.D.3.e (1[d]-1[e][ii], 2[b]-2[c][ii]). 
 

element is, for example, a filter device and/or suction device 
and/or cleaning device.” Knoll, [0027], [0021]. The pool 
cleaning vehicle is installed and operates within the swimming 
pool to clean pool surfaces. Id.; see also §VII.D.3.b (2[a]). 
 
[image omitted] 
 
273. A POSITA would have understood that Knoll’s camera 6 is 
“submergible or submerged within the swimming pool” because 
the camera is mounted on robotic vehicle 1, which is submerged 
in a pool, i.e., during operation as a pool cleaning robot on the 
pool bottom when the pool is filled with water (the normal 
operational environment for pool cleaning devices). 
 
274. Therefore, it is my opinion that Knoll renders Claim 6 
obvious. 
 
7. Claim 7 (“The pool system of claim 2, wherein the 
controller is configured to detect a characteristic of the 
location based on the visual data and control the piece of 
equipment based on the detected characteristic.”) 
 
275. Claim 7 depends from Claim 2. In my opinion, Knoll 
discloses or suggests Claim 7. 
 
276. Knoll describes that control unit 11 (controller) detects 
presence of an obstacle (characteristic) within the working area 3 
“formed by the bottom of the pool” (location) based on a 
captured image (visual data) and controls movement of vehicle 
1 (equipment) based on the detected characteristic—to bypass 
the obstacle. Knoll, [0015], [0028]. See also §§VII.D.2.e-
VII.D.2.g, VII.D.3.c-VII.D.3.e (1[d]-1[e][ii], 2[b]-2[c][ii]). 
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       8. Claim 12 
 
Knoll discloses or suggests Claim 12. Janét, ¶¶278-287. 
 
               a. 12[pre] 
 
 
Knoll discloses or suggests 12[pre]. Janét, ¶¶279-281. 
 
Knoll discloses an autonomous robotic pool cleaning system that 
includes a control unit processing visual date from a digital 
camera to detect and measure distance to boundary line/surface 
and/or obstacles for navigation and control. See Knoll, Abstract, 
[0027]-[0028], Claims 1-2, FIGS. 1-2; Janét, ¶280; see also 
§§IV.D.2.g and IV.D.3.d (1[e][ii]&2[c][i]).  
 
 
A POSITA would have understood that Knoll’s system performs 
the claimed method for “monitoring a pool system,” because 
Knoll’s system observes and detects swimming pool 
environment—specifically, the pool’s boundary surfaces/lines 
and obstacles—to control the robot’s navigation and perform its 
pool cleaning operations. See, e.g., Knoll, [0027]-[0028]; Janét, 
¶281. 
 
            b. 12[a] 
 
 
 
Knoll discloses or suggests 12[a]. Janét, ¶¶282-283. 

277. Therefore, it is my opinion that Knoll renders Claim 7 
obvious. 
 
       8. Claim 12 
 
278. In my opinion, Knoll discloses or suggests Claim 12. 
 

a. 12[pre] “A method for monitoring a pool 
system, the method comprising” 

 
279. It is my opinion that Knoll discloses or suggests 12[pre]. 
 
280. Knoll discloses an autonomous robotic pool cleaning 
system that uses a digital camera to detect and measure distance 
to boundary line/surface and/or obstacles for navigation and 
control, with a control unit that processes this visual data to 
control the vehicle’s movement within the pool during clean 
operations. Knoll, Abstract, [0027]-[0028], Claims 1-2, FIGS. 1-
2; see also §§VII.D.2.g and VII.D.3.d (1[e][ii]&2[c][i]). 
 
281. A POSITA would have understood that Knoll’s system 
performs the claimed method for “monitoring a pool system” 
because Knoll’s system observes and detects physical features of 
the swimming pool environment—specifically, the pool’s 
boundary surfaces/lines and obstacles—to control the robot’s 
navigation and perform its “pool cleaning” operations. See, e.g., 
Knoll, [0027]-[0028]. 
 
            b. 12[a] “receiving images of at least a portion of a 
                 location including a swimming pool or spa from 
                 one or more cameras” 
 
282. In my opinion, Knoll discloses or suggests 12[a]. 
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Knoll’s control unit 11 (controller) receives visual data (images) 
of boundary surfaces/lines and/or obstacles from digital camera 
6. See Knoll, [0028], FIG. 1; Janét, ¶283; see also §IV.D.3.d 
(2[c][i]). A POSITA would have understood that the visual data 
is “images of at least a portion of a location including a 
swimming pool,” because the camera captures images of the 
boundary line/surface of the working area or obstacles within the 
pool. Knoll, [0018], [0027]-[0028], FIG. 1; Janét, ¶283; see 
also §IV.D.3.c (2[b]). 
 
 
 
 
            c. 12[b] 
 
Knoll discloses or suggests 12[b]. Janét, ¶¶284-285. 
 
Knoll’s control unit 11 receives images from camera 6, detects 
presence of an obstacle (characteristic) in an area within working 
area 3 based on the images, and based on this detected obstacle 
presence, controls vehicle 1 to bypass or “drive around the 
obstacle at a constant distance” in that specific area. Knoll, 
[0015]; Janét, ¶285; see also §§IV.D.2.e-IV.D.2.g, IV.D.3.c-
IV.D.3.e, IV.D.7 (1[d]-1[e][ii], 2[b]-2[c][ii], Claim 7). A 
POSITA would have understood or found it obvious that Knoll’s 
system determines the area containing the obstacle as a “target 
area,” because its control action (to cause bypassing motion) is 
applied with respect to the specific area where an obstacle is 
detected. Janét, ¶285. 
 
             
 

 
283. Knoll’s control unit 11 receives visual data (images) of 
boundary surfaces/lines and/or obstacles from digital camera 6 
through evaluation unit 10. See Knoll, [0028], FIG. 1; see also 
§VII.D.3.d (2[c][i]). A POSITA would have understood that 
these are “images of at least a portion of a location including a 
swimming pool” because the camera observes and captures 
images of the boundary line/surface (measurement object) of the 
working area or obstacles within the pool. Knoll, [0018], [0027]-
[0028], FIG. 1; see also §VII.D.3.c (element 2[b]). 
 

c. 12[b] “determining a target area and detecting a 
                    characteristic of the target area based on the 
                    images; and” 
 
284. In my opinion, Knoll discloses or suggests 12[b]. 
 
285. Knoll’s control unit 11 receives images from camera 6, 
detects presence of an obstacle (characteristic) in an area within 
working area 3 based on the images, and based on this detected 
obstacle presence, controls vehicle 1 to bypass or “drive 
around the obstacle at a constant distance” in that specific area. 
Knoll, [0015]; see also §§VII.D.2.e-VII.D.2.g, VII.D.3.c-
VII.D.3.e, VII.D.7 (1[d]-1[e][ii], 2[b]-2[c][ii], Claim 7). Because 
the system’s control action (bypassing motion) is applied 
to the specific area in response to the obstacle detected in that 
same area, a POSITA would have understood or found it 
obvious that the area sensed by Knoll’s system and that contains 
the obstacle is determined as a “target area,” at least because it 
was the area being sensed by the sensor 6 and measurement light 
source 7 for purposes of, among other things, detecting the 
presence of an obstacle. Furthermore, a POSITA would have 
understood that in the context of a robotic monitoring system, 
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            d. 12[c] 
 
Knoll discloses or suggests 12[c]. Janét, ¶¶286-287. 
 
Knoll’s control unit 11 detects obstacle presence (characteristic) 
and generates control signals that control drive means 12 (part of 
vehicle 1) to steer vehicle 1 to bypass or “drive around the 
obstacle.” Knoll, [0015], [0028]; see also §§IV.D.3.e&IV.D.7 
(2[c][ii], Claim 7). A POSITA would have understood that 
Knoll’s control signals to control vehicle 1 constitute “a control 
response” generated “based on the detected characteristic” 
(obstacle presence) of the target area (the area where the 
obstacle is located). Janét, ¶287. 
 
 
 
 
 
 
 
 

the “target area” is functionally defined as the area currently 
being sensed by the camera. By orienting the camera and 
capturing an image frame, the system effectively determines a 
specific portion of the pool environment as the target for 
inspection. Consequently, when the robot detects a feature (e.g., 
an obstacle) within that field of view, it is detecting a 
characteristic of that determined “target area.” Once this 
characteristic is detected in the target area, the subsequent claim 
limitations (e.g., generating the control response) are triggered to 
act upon that area. 
 

d. 12[c] “generating a control response based on 
the detected characteristic of the target area.” 

 
286. In my opinion, Knoll discloses or suggests 12[c]. 
 
287. Knoll’s control unit 11 detects obstacle presence 
(characteristic) and generates control signals that control the 
drive means 12 (part of vehicle 1) to move and steer vehicle 1 to 
bypass or “drive around the obstacle at a constant distance.” 
Knoll, [0015], [0028]; see also §§VII.D.3.e&VII.D.7 (element 
2[c][ii], Claim 7). A POSITA would have understood that 
Knoll’s control signals to control vehicle 1 constitute “a control 
response” generated “based on the detected characteristic” 
(obstacle presence) of the target area (the area where the 
obstacle is located). A POSITA would have understood that the 
generation of this control response is linked to the characteristic 
detected within that specific target area. Because the system 
identifies the obstacle within the sensed field of view (the target 
area), the resulting steering command (the control response) is 
calculated specifically to address that detected condition—i.e., to 
modify the vehicle's trajectory relative to that specific location. 
Had the characteristic of that target area been different (e.g., 
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           9. Claim 14 
 
 
 
Claim 14 depends from Claim 12. Knoll discloses or suggests 
Claim 14. Janét, ¶¶288-290. 
 
Knoll’s control unit 11 generates the control response by 
controlling the operation of drive means 12 (part of robotic 
vehicle 1 (equipment)) to steer robotic vehicle 1 based on the 
detected presence of an obstacle. See Knoll, [0015], [0028], 
FIG. 1; Janét, ¶289; see also §§IV.D.3.e, IV.D.8.d (2[c][ii], 
12[c]). 
 
 
 
 
 
 
       10. Claim 19 
 
Claim 19 depends from Claim 12. Knoll discloses or suggests 
Claim 19. Janét, ¶¶291-297. 
 
               a. 19[a] 

obstacle-free), inspection. Consequently, when the robot detects 
a feature (e.g., an obstacle) within that field of view, it is 
detecting a characteristic of that determined “target area.” Once 
this characteristic is detected in the target area, the subsequent 
claim limitations (e.g., generating the control response) are 
triggered to act upon that area. 
 

9. Claim 14 (“The method of claim 12, wherein  
      generating the control response comprises controlling 
      an operation of a piece of equipment of the swimming  
      pool or spa.”) 
 

288. Claim 14 depends from Claim 12. It is my opinion that 
Knoll discloses or suggests Claim 14. 
 
289. Knoll’s robotic vehicle 1 is a “piece of equipment” for the 
swimming pool. See also §VII.D.3.b (2[a]). Additionally, 
Knoll’s control unit 11 generates the control response by 
controlling the operation of drive means 12 (part of robotic 
vehicle 1) to move or steer robotic vehicle 1 based on the 
detected presence of an obstacle (characteristic) within the 
working area 3. Knoll, [0015], [0028], FIG. 1; see also 
§§VII.D.3.e, VII.D.8.d (2[c][ii], 12[c]). 
 
290. Therefore, it is my opinion that Knoll renders Claim 14 
obvious. 
 
10. Claim 19 
 
291. Claim 19 depends from Claim 12. In my opinion, Knoll 
discloses or suggests Claim 19. 
 

a. 19[a] (“The method of claim 12, wherein  
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Knoll discloses or suggests 19[a]. Janét, ¶¶292-294. 
 
Knoll’s control unit 11 generates the control response by 
controlling drive means 12 to steer robotic vehicle 1 (cleaning 
device). See Knoll, [0028], [0011], [0015]; Janét, ¶293; see also 
§§IV.D.3.e, IV.D.8.d, IV.D.9 (2[c][ii], 12[c], Claim 14). 
Knoll’s robotic vehicle 1 is a cleaning device with propulsion 
mechanisms (drive means) configured to operate on the pool 
bottom and maintain a distance from the boundary surface 4 
(and boundary lines) formed by or on pool walls (travel 
adjacent to submerged or water-containing surfaces of the 
swimming pool), and to remove debris from pool surfaces with 
its suction/filter/cleaning devices (perform a cleaning operation). 
See Knoll, [0007], [0011], [0015], [0021], [0027]-[0028], FIGS. 
1-2; Janét, ¶294; see also §IV.D.4 (Claim 3). 
 
               b. 19[b] 
 
 
 
 
 
 
Knoll discloses or suggests 19[b]. Janét, ¶¶295-297. 
 
Knoll’s control unit 11 controls drive means 12 to steer vehicle 1 
(controlling a path or route of the cleaning device) based on 

Generating the control response comprises 
controlling operation of a cleaning device 
configured to travel adjacent to submerged or 
water-containing surfaces of the swimming pool 
or spa and to perform a cleaning operation”) 
 

292. It is my opinion that Knoll discloses or suggests 19[a]. 
 
293. Knoll’s control unit 11 generates the control response by 
controlling drive means 12, which move and steer robotic 
vehicle 1 (cleaning device). Knoll, [0028], [0011]; see also 
§§VII.D.3.e, VII.D.8.d, VII.D.9 (2[c][ii], 12[c], Claim 14). 
294. Knoll’s robotic vehicle 1 is a cleaning device with 
propulsion mechanisms (drive means) configured to operate on 
the pool bottom and maintain a distance from the boundary 
surface 4 (and boundary lines) formed by or on pool walls 
(travel adjacent to submerged or water-containing surfaces of the 
swimming pool), and to remove debris from pool surfaces with 
its suction/filter/cleaning devices (perform a cleaning operation). 
See also Knoll, [0007], [0011], [0015], [0021], [0027]-[0028], 
FIGS. 1-2; see also §VII.D.4 (Claim 3). 
 

b. 19[b] (“wherein controlling operation of the  
cleaning device comprises one or more of 
controlling a path or route of the cleaning 
device, an aggressiveness of cleaning chemicals 
deployed, an aggressiveness of mechanical 
cleaning, or a speed of the cleaning device.”) 

 
295. It is my opinion that Knoll discloses or suggests 19[b]. 
 
296. Knoll’s control unit 11 controls drive means 12 to move 
and steer vehicle 1 based on detected presence of an obstacle. 

Patent Owner Zodiac Pool Systems LLC 
Exhibit 2021 - Page 63 of 99



 

 

detected presence of an obstacle. See Knoll, [0015], [0028]; 
Janét, ¶296; see also §IV.D.8.d, IV.D.9 (12[c], Claim 14). 
 

Knoll, [0015], [0028]; see also §VII.D.8.d, VII.D.9 (12[c], 
Claim 14). Specifically, Knoll teaches causing vehicle 1 
to bypass or “drive around the obstacle at a constant distance,” 
which constitutes controlling the path or route of the cleaning 
device. Knoll, [0015]. 
 
297. Therefore, it is my opinion that Knoll renders Claim 19 
obvious. 

E. Ground 2B: Claims 7, 8, 12-14, and 19 are  
          Unpatentable over Knoll and Fu-007 
 
Claims 7, 8, 12-14, 19, and 20 are unpatentable over Knoll and 
Fu-007. Janét, ¶¶298-349. 
 
           1. Motivation to Combine 
 
Both Knoll and Fu-007 disclose autonomous underwater pool 
cleaning robots using cameras and controllers to perform 
cleaning operations. See, e.g., Knoll, Abstract, [0027]-[0028], 
FIG. 1; Fu-007, Abstract, pp.8-9, 12-14, Claim 4, FIG. 6; 
Janét, ¶299.  
 
 
 
 
 
A POSITA would have been motivated to combine the 
complementary teachings of Knoll and Fu-007 to achieve 
improved autonomous pool cleaning systems. Janét, ¶299. 
 
A POSITA would have recognized that the teachings in Knoll 
and Fu-007 are directed to the same pool cleaning technical 
field, address similar technical challenges, and provide 

     E. Ground 2B: Claims 7, 8, 12-14, and 19 are  
         Unpatentable over Knoll and Fu-007 
 
298. In my opinion, Claims 7, 8, 12-14, and 19 are unpatentable 
over Knoll and Fu-007. 
 
            1. Reasons for Combining Knoll and Fu-007 
 
299. Both Knoll and Fu-007 disclose autonomous underwater 
pool cleaning robots using cameras and controllers to perform 
cleaning operations. Knoll describes an “autonomous robotic 
vehicle 1 designed as a pool cleaning vehicle” with a digital 
camera 6 and control unit 11 that processes camera images to 
control drive means 12 for navigation. Knoll, Abstract, [0027]-
[0028], FIG. 1. Fu-007 similarly describes an “underwater 
cleaning robot” with “monitoring camera 2” and a central 
processing unit that processes camera images to control cleaning 
drive wheels. Fu-007, Abstract, pp.8-9, 12-14, Claim 4, FIG. 6. 
A POSITA would have been motivated to combine the 
complementary teachings of Knoll and Fu-007 to achieve 
improved autonomous pool cleaning systems. 
 
300. A POSITA would have recognized that the teachings in 
Knoll and Fu-007 are directed to the same pool cleaning 
technical field, address similar technical challenges in 
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complementary technical solutions. Janét, ¶300. Specifically, 
both use a controller to process captured images and generate 
control signals to cause movement of the pool cleaning robot 
within the swimming pool. Compare Knoll, [0015], [0028], FIG. 
1, with Fu-007, pp.10, 12-16, Claims 4, 7, FIG.6. 
 
 
 
 
 
 
 
Additionally, both teach motorized drive mechanisms to cause 
and control movement of the pool cleaner during operation. 
Compare Knoll, Abstract, [0028], Claim 1, with Fu-007, pp.8-
10, 12-16, Claims 1, 3-4.  
 
 
 
 
 
 
 
Accordingly, a POSITA would have investigated the technical 
teachings in both Knoll and Fu-007 to seek guidance when 
designing pool cleaning systems. Janét, ¶¶301-302. 
 
Knoll uses camera-based distance measurement (via 
triangulation) for navigation and obstacle avoidance. Knoll, 
[0015], [0018].  
 
 
 

autonomous pool cleaning, and provide complementary 
technical solutions. Specifically, both references use a controller 
to process captured images and generate control signals to cause 
movement of the pool cleaning robot within the swimming pool. 
Knoll discloses that “control unit 11” processes images from 
“digital camera 6” and “controls the drive means 12” to move 
“robotic vehicle 1.” Knoll, [0028], FIG. 1. See also, id., [0015]. 
Fu-007 similarly discloses that its “central processing unit” 
processes images from “monitoring camera 2” and controls 
“cleaning drive wheels 3” to move the robot. Fu-007, pp.10, 12-
16, Claims 4, 7, FIG. 6. 
 
301. Additionally, both references teach motorized drive 
mechanisms to cause and control movement of the pool cleaner 
during operation. Knoll discloses “drive means (12) for driving 
and steering the robotic vehicle (1) on a working area 
(3).” Knoll, Abstract, Claim 1; see also, id., [0028]. Fu-007 
discloses “four independently driven” “cleaning drive wheels 3” 
that “implement tasks of the robot including moving forward, 
moving backward, turning, and scrubbing for cleaning through 
different wheel speed combinations.” Fu-007, pp.8-10, 12-16, 
Claims 1, 3-4. 
 
302. Accordingly, a POSITA would have investigated the 
technical teachings in both Knoll and Fu-007 to seek guidance 
when designing a pool cleaning system.  
 
303. Knoll uses camera-based distance measurement for 
navigation and obstacle avoidance. Knoll explains that “the 
distance-determining device uses the rotating light beam source 
and the rotating camera to determine the distance to the 
boundary line or boundary surface by triangulation.” Knoll, 
[0018]. Knoll further explains that “[t]he distance-determining 
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Fu-007 employs threshold-based cleanliness control by 
determining “a cleanliness level of the bottom of the swimming 
pool by comparing the image(s) with [a swimming pool 
cleanliness image] threshold” and operating “the four cleaning 
drive wheels...to complete the cleaning task.” Fu-007, pp.10, 14-
16, Claim 7.  
 
 
 
 
 
These represent complementary approaches—Knoll providing 
navigation control and Fu-007 providing cleaning intensity 
control—that a POSITA would have combined. Janét, ¶¶303-
305. 
 
Knoll’s camera 6 acquires images of boundary surface 4 for 
distance measurement. Knoll, [0015], [0018], [0028], FIG. 1.  
 
 
 
 
 
A POSITA would have recognized that images captured by 
Knoll’s camera contain visual information about pool surfaces.  
 
 
 

device can be used to detect obstacles, because the obstacles 
reflect the light beam into the digital camera. Thus, if the 
control unit is designed accordingly, it is possible to drive 
around the obstacle at a constant distance.” Knoll, [0015]. 
 
304. Fu-007 employs threshold-based cleanliness control. 
Specifically, Fu-007 teaches that “[d]uring autonomous 
cleaning, a swimming pool cleanliness image threshold is set, 
the robot uses the monitoring camera 2 to take image(s) of the 
bottom of the swimming pool, determines a cleanliness level of 
the bottom of the swimming pool by comparing the image(s) 
with the threshold, and plans a cleaning movement, and then 
adjusts operating conditions of the four cleaning drive wheels 
3 and the drainage device to complete the cleaning task.” Fu-
007, pp.10, 14-16, Claim 7. 
 
305. In my opinion, these represent complementary 
approaches—Knoll providing navigation control and Fu-007 
providing cleaning intensity control—that a POSITA would 
have combined.  
 
306. Knoll’s camera 6 acquires images of boundary line/surface 
4 for distance measurement. Knoll explains that “a minimum 
distance to the boundary surface 4 is determined for each 
rotation of the mounting plate 8 comprising the digital camera 6 
and light beam source 7." Knoll, [0028]; see also Knoll, [0015], 
[0018], FIG. 1.  
 
307. A POSITA would have recognized that images captured by 
Knoll’s camera contain visual information about pool surfaces—
not merely distance data. Knoll’s digital camera 6, like any 
digital camera, captures a complete image of the scene it views. 
Although Knoll processes these images to extract distance 
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A POSITA seeking to improve Knoll’s cleaning effectiveness 
would have been motivated to add Fu-007’s cleanliness 
detection and threshold-based control functionalities for the 
following reasons. Janét, ¶¶306-308. 
 
 
 
First, this modification would have advanced Knoll’s stated goal 
to achieve “complete and efficient cleaning of a pool floor 
and/or the pool walls.” Knoll, [0007]; Janét, ¶309. A POSITA 
would have recognized that with Fu-007’s cleanliness-based 
control, Knoll’s system would apply more aggressive cleaning to 
dirtier areas and lighter cleaning to cleaner areas, thereby 
improving cleaning effectiveness by adapting operations based 
on actual surface conditions. Janét, ¶309. 
 
Second, Fu-007 teaches that its system achieves “energy 
conservation, economical efficiency” by adjusting operating 
conditions based on detected cleanliness (Fu-007, Abstract, 
p.11), and a POSITA would have been motivated to 
add Fu-007’s functionalities to provide these benefits to Knoll’s 
robotic vehicle. Janét, ¶310. This modification would also 
extend operational run-time and reduce wear on mechanical 
components. Janét, ¶310. 
 
A POSITA would have had a reasonable expectation of success, 
because both references employ similar camera-based systems in 
the same pool operational environment, e.g., cameras capturing 

information, the underlying image data necessarily includes 
visual information about the appearance of pool surfaces, 
including the presence or absence of debris.  
 
308. A POSITA seeking to improve Knoll’s cleaning 
effectiveness would have been motivated to add Fu-007’s 
cleanliness detection and threshold-based control functionalities, 
thereby enabling Knoll’s control unit 11 to adjust cleaning 
operations based on actual surface conditions in addition to 
navigation control for the following reasons. 
 
309. First, this modification would have advanced Knoll’s stated 
goal to achieve “complete and efficient cleaning of a pool floor 
and/or the pool walls.” Knoll, [0007]. A POSITA would have 
recognized that with Fu-007’s cleanliness-based control, Knoll’s 
system would apply more aggressive cleaning to dirtier areas 
and lighter cleaning to cleaner areas, thereby improving cleaning 
effectiveness by adapting operations based on actual surface 
conditions. 
 
310. Second, a POSITA would have been motivated to make 
such modification to provide energy conservation and 
economical efficiency benefits to Knoll’s robotic vehicle. Fu-
007 teaches that its system achieves “energy conservation, 
economical efficiency” by adjusting operating conditions based 
on detected cleanliness. Fu-007, Abstract, p.11. This 
modification would also extend operational run-time and reduce 
wear on mechanical components. 
 
311. A POSITA would have had a reasonable expectation of 
success in making these modifications because both references 
employ similar camera-based systems in the same operational 
environment (underwater pool cleaning). 
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images of pool surfaces, controllers processing captured images, 
and motor drivers controlling drive mechanisms based on 
controller outputs. Knoll, [0015], [0028], FIG. 1; Fu-007, pp.8-
10, 14-16, Claim 7, FIG. 6.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Adding Fu-007’s threshold comparison logic to Knoll’s existing 
image processing would have been a routine software 
modification within ordinary skill.   Janét, ¶¶311-317. 
 

 
312. Specifically, both Knoll and Fu-007 employ a common 
system architecture comprising three functional layers: 313. (1) 
Image acquisition layer. Knoll discloses “digital camera 6” that 
captures images of “boundary surface 4.” Knoll, [0015], [0028], 
FIG. 1. Fu-007 discloses “monitoring camera 2” that captures 
images of “the bottom of the swimming pool.” Fu-007, pp.8-10, 
14-16, Claim 7.  
 
314. (2) Image processing layer. Knoll discloses “control unit 
11” that processes images from camera 6 to determine distance 
values. Knoll, [0028]. Fu-007 discloses a “central processing 
unit” that processes images from camera 2 by “comparing the 
image(s) with the threshold” to determine “a cleanliness level” 
and control cleaner operation Fu-007, pp. 9-10, 14-16, Claim 7, 
FIG. 6. 
 
315. (3) Motor control layer. Knoll discloses “drive means 12” 
that are controlled by control unit 11 based on the processing 
results. Knoll, [0028]. Fu-007 discloses “cleaning drive wheels 
3” that are controlled by the central processing unit to “adjust[] 
operating conditions” based on the cleanliness determination. 
Fu-007, pp. 14-16, Claim 7, FIG. 6. 
 
316. This architectural similarity means that integrating Fu-
007’s teachings into Knoll’s system would not require 
fundamental redesign of Knoll's hardware or control 
architecture. The modification would involve adding threshold 
comparison logic to Knoll's existing control unit 11 to analyze 
the images already captured by camera 6 for cleanliness 
characteristics. This is a routine software modification that 
would have been within ordinary skill in the art. 
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       2. Claim 7 
 
Claim 7 depends from Claim 2. Alternative to §IV.D.7, the 
Knoll-Fu-007 combination discloses or suggests Claim 7. Janét, 
¶¶318-323. 
 
Knoll discloses control unit 11 (controller) that processes visual 
data from camera 6. See Knoll, [0028], [0018], FIG. 1; see also 
§§IV.D.2.f-g (1[e][i]-[ii]).  
 
Fu-007 teaches using “monitoring camera 2” to capture images 
of pool surfaces and determining “a cleanliness level of the 
bottom of the swimming pool” (characteristic of the location) 
“by comparing the image(s)” to “a swimming pool cleanliness 
image threshold.” Fu-007, pp.10, 14-16, Claim 7, FIG. 6; Janét, 
¶320; see also §IV.B.1 (Cui-Fu-007, 8[b]).  
 
As explained in §IV.E.1, a POSITA would have been motivated 
to combine the teachings of Knoll and Fu-007. Janét, ¶321. In 
the combined system, Knoll’s robotic vehicle 1 would operate 
with control unit 11 processing images from camera 6 for dual 
purposes: (1) distance measurement for navigation (per Knoll), 
and (2) cleanliness detection (per Fu-007). See Knoll, [0015], 
[0018], [0028]; Fu-007, pp.10, 14-16; Janét, ¶321. Knoll’s 
control unit 11 would determine the robot’s position relative to 
boundary line/surface 4 (using Knoll’s triangulation method) and 

317. A POSITA implementing Fu-007’s known threshold-based 
cleanliness control technique in Knoll’s system would have had 
a predictable result: a pool cleaning robot capable of adjusting 
cleaning operations based on both navigation requirements (per 
Knoll) and detected pool surface cleanliness (per Fu-007). 
 
 
       2.  Claim 7 
 
318. Claim 7 depends from Claim 2. Alternative to § VII.D.7, it 
is my opinion that the Knoll-Fu-007 combination discloses or 
suggests Claim 7. 
 
319. Knoll discloses control unit 11 (controller) that processes 
visual data from camera 6. Knoll, [0028], [0018], FIG. 1; see 
also §§VII.D.2.f-VII.D.2.g (Knoll, 1[e][i]-[ii]). 
 
320. Fu-007 teaches using “monitoring camera 2” to capture 
images of pool surfaces and determining “a cleanliness level of 
the bottom of the swimming pool” (characteristic of the location) 
“by comparing the image(s)” to “a swimming pool 
cleanliness image threshold.” Fu-007, pp.10, 14-16, Claim 7, 
FIG. 6; see also §VII.B.1 (Cui-Fu-007, 8[b]). 
 
321. As explained in §VII.B.2, with a reasonable expectation of 
success, a POSITA would have been motivated to combine the 
teachings of Knoll and Fu. In the combined system, Knoll’s 
robotic vehicle 1 would operate with control unit 11 processing 
images from camera 6 for dual purposes: (1) distance 
measurement via triangulation for navigation (as Knoll teaches), 
and (2) cleanliness detection via threshold comparison (as Fu-
007 teaches). Knoll, [0015], [0018], [0028]; Fu-007, pp.10, 14-
16, Claim 7. Control unit 11 would determine the robot’s 
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also determine cleanliness levels of pool surfaces in the captured 
images (using Fu-007’s threshold comparison method). Id. 
Based on detected cleanliness levels (characteristic) of pool 
surfaces (location), control unit 11 would control operating 
conditions of drive means 12 of vehicle 1 (equipment), 
implementing Fu-007’s teaching of varying “rotational speed of 
each wheel” and adjusting cleaning intensity based on pool 
surface cleanliness. Fu-007, pp.14-16; Knoll, [0028]; Janét, 
¶321. As such, areas with higher debris levels would receive 
more aggressive cleaning, while already-clean areas would 
receive lighter treatment. Id. 
 
 
 
As explained in §IV.E.1, a POSITA would have reasonably 
expected success in combining Knoll with Fu-007, because 
applying Fu-007’s control logic to Knoll’s existing hardware 
would be a routine software programming modification to 
Knoll’s existing controller. Janét, ¶322. 
 
 
 
 
 
       3.  Claim 8 
 
Claim 8 depends from Claim 7. Knoll-Fu-007 combination 
discloses or suggests Claim 8. Janét, ¶¶324-329. 
 
               a. 8[a] 
 
 
 

position relative to boundary line/surface 4 (using Knoll’s 
triangulation method) and simultaneously determine cleanliness 
levels of pool surfaces in the captured images (using Fu-007’s 
threshold comparison method). Id. Based on detected cleanliness 
levels (characteristic) of pool surfaces (location), control unit 11 
(controller) would control operating conditions of drive means 
12 of vehicle 1 (equipment), implementing Fu-007’s teaching of 
varying “rotational speed of each wheel” and adjusting cleaning 
intensity based on pool surface cleanliness. Fu-007, pp.14-16; 
Knoll, [0028]. Areas with higher debris levels would receive 
more aggressive cleaning, while alreadyclean areas would 
receive lighter treatment, thereby improving operational 
efficiency while maintaining Knoll’s complete area coverage. Id. 
 
322. As explained in §VII.E.1, a POSITA would have 
reasonably expected success in combining Knoll with Fu-007 
because applying Fu-007’s well-known control logic to Knoll’s 
existing and suitable hardware to achieve a predictable result 
because this would be a routine software programming 
modification to Knoll’s existing controller.  
 
323. Therefore, it is my opinion that Knoll and Fu-007 render 
Claim 7 obvious. 
 
       3.  Claim 8 
 
324. Claim 8 depends from Claim 7. In my opinion, Knoll-Fu-
007 combination discloses or suggests Claim 8. 
 

a. 8[a] “The pool system of claim 7, wherein the 
                  characteristic comprises a cleanliness of a surface 
                  of the swimming pool, and” 
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The Knoll-Fu-007 combination discloses or suggests 8[a]. Janét, 
¶325.  Specifically, as explained in §IV.E.1 (Claim 7), the 
Knoll-Fu-007 combination would detect a cleanliness 
(characteristic) of “the bottom of the swimming pool.” 
Fu-007, pp.10, 14-16, Claims 7; Janét, ¶325; see also §IV.B.1 
(Cui-Fu-007, 8[b]). 
 

e. 8[b] 
 
 

The Knoll-Fu-007 combination discloses or suggests 8[b]. Janét, 
¶¶326-329. 
 
Fu-007 teaches using “monitoring camera 2” to capture images 
of pool surfaces and determining “a cleanliness level of the 
bottom of the swimming pool” (characteristic of the location) 
“by comparing the image(s)” to “a swimming pool cleanliness 
image threshold.” Fu-007, pp.10, 14-16, Claim 7; Janét, ¶327; 
see also §IV.B.1 (Cui-Fu-007, 8[b]). 
 
As explained in §§IV.E.1&IV.E.1 (Knoll-Fu-007, Claim 7), with 
a reasonable expectation of success, a POSITA would have been 
motivated to add Fu-007’s functionalities into Knoll’s controller 
11, allowing the modified controller 11 to be configured to 
control operating conditions of drive means 12 of vehicle 1 
(equipment) to vary “rotational speed of each wheel” and adjust 
cleaning intensity based on the detected cleanliness being 
outside of the “cleanliness image threshold.” Fu-007, pp.10, 12-
16; Knoll, [0028]; Janét, ¶328. 
 
 
 
 

325. The Knoll-Fu-007 combination discloses or suggests 8[a]. 
Specifically, as explained in §VII.E.1 (Knoll-Fu-007, claim 7), 
the Knoll-Fu-007 combination would detect a cleanliness 
(characteristic) of “the bottom of the swimming pool.” Fu-007, 
pp.10, 14-16, Claim 7; see also §VII.B.3.b (Cui-Fu-007, 8[b]). 
 
b. 8[b] “wherein the controller is configured to control 
the piece of equipment based on the detected 
cleanliness being outside of a threshold.” 
 
326. In my opinion, the Knoll-Fu-007 combination discloses or 
suggests 8[b]. 
 
327. Fu-007 teaches using “monitoring camera 2” to capture 
images of pool surfaces and determining “a cleanliness level of 
the bottom of the swimming pool” (characteristic of the location) 
“by comparing the image(s)” to “a swimming pool cleanliness 
image threshold.” Fu-007, pp.10, 14-16, Claim 7; see also 
§VII.B.3.b Cui-Fu-007, 8[b]). 
 
328. As explained above in §VII.E.1-VII.E.2VII.E.1 (Knoll-Fu-
007, Claim 7), with a reasonable expectation of success, a 
POSITA would have been motivated to add Fu-007’s 
functionalities into Knoll’s controller 11, allowing the modified 
controller 11 to be configured to control operating conditions of 
drive means 12 of vehicle 1 (equipment) to vary “rotational 
speed of each wheel” and adjust cleaning intensity based on the 
detected cleanliness being outside of the “cleanliness image 
threshold.” Fu-007, pp.10, 12-16; Knoll, [0028]. 
 
329. Therefore, it is my opinion that Knoll and Fu-007 render 
Claim 8 obvious. 
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4.  Claim 12 
 

Knoll, in view of Fu-007, discloses or suggests Claim 12. Janét, 
¶¶330-337.  As explained in §IV.E.1, a POSITA would have 
been motivated to combine Knoll and Fu-007, with a reasonable 
expectation of success. 
 
               a. 12[pre] 
 
 
Knoll discloses or suggests 12[pre]. See §IV.D.8.a (Knoll, 
12[pre]). 
 
                  b. 12[a] 
 
 
 
Knoll discloses or suggests 12[a]. See §IV.D.8.b (Knoll, 12[a]). 
 
 
                  c. 12[b] 
 
 
 
The Knoll-Fu-007 combination discloses or suggests 12[b]. 
Janét, ¶¶333-334. 
 
As explained in §§IV.E.1-3, the Knoll-Fu-007 combination’s 
control unit 11 receives images from camera 6, detects 
cleanliness levels (characteristic) of pool surface areas based on 
the images by comparing them to a threshold, and based on 

       4. Claim 12 
 
330. In my opinion, the Knoll-Fu-007 combination discloses or 
suggests Claim 12. As explained in §VII.E.1, a POSITA would 
have been motivated to combine Knoll and Fu-007, with a 
reasonable expectation of success. 
 

a. 12[pre] “A method for monitoring a pool 
system, the method comprising:” 

 
331. It is my opinion that Knoll discloses or suggests 12[pre]. 
See §VII.D.8.a (Knoll, 12[pre]). 
 

b. 12[a] “receiving images of at least a portion of a 
                     location including a swimming pool or spa from 
                    one or more cameras;” 
 
332. In my opinion, Knoll discloses or suggests 12[a]. See 
§VII.D.8.b (Knoll, 12[a]). 
 

c. 12[b] “determining a target area and detecting a 
                     characteristic of the target area based on the 
                     images; and” 
 
333. It is my opinion that the Knoll-Fu-007 combination 
discloses or suggests 12[b]. 
 
334. As explained in §§VII.E.1-VII.E.3 (Reasons for combining 
Knoll and Fu-007, Claims 7-8), the Knoll-Fu-007 combination’s 
control unit 11 receives images from camera 6, detects 
cleanliness levels (characteristic) of pool surface areas based on 
the images by comparing them to a threshold, and based on this 
detected cleanliness, controls drive means 12 to adjust cleaning 
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this detected cleanliness, controls drive means 12 to adjust 
cleaning intensity (e.g., motor speed) in the specific areas. Fu-
007, pp.10, 12-16; Knoll, [0028]; Janét, ¶334. 
 
 
A POSITA would have understood or found it obvious that the 
Knoll-Fu-007 system would determine an area that contains the 
debris as a “target area” because it was the area being sensed by 
the camera for purposes of, among other things, detecting 
cleanliness levels. Janét, ¶334. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

intensity (e.g., motor speed) in the specific areas. Fu-007, pp.10, 
12-16; Knoll, [0028]. Because the combined system’s control 
action (adjusting cleaning intensity through wheel speed 
variations) is applied to a specific area in response to the 
cleanliness characteristic detected in that area,  
a POSITA would have understood or found it obvious that the 
area sensed by the combined system and that contains the debris 
is determined as a “target area,” at least because it was the area 
being sensed by the camera for purposes of, among other things, 
detecting cleanliness levels. Furthermore, a POSITA would have 
understood that in the context of such a robotic scanning system, 
the "target area" is functionally defined as the area currently 
being sensed by the camera. By orienting the camera and 
capturing an image frame, the system effectively 333. It is my 
opinion that the Knoll-Fu-007 combination discloses or 
suggests 12[b]. 
 
334. As explained in §§VII.E.1-VII.E.3 (Reasons for combining 
Knoll and Fu-007, Claims 7-8), the Knoll-Fu-007 combination’s 
control unit 11 receives images from camera 6, detects 
cleanliness levels (characteristic) of pool surface areas based on 
the images by comparing them to a threshold, and based on this 
detected cleanliness, controls drive means 12 to adjust cleaning 
intensity (e.g., motor speed) in the specific areas. Fu-007, pp.10, 
12-16; Knoll, [0028]. Because the combined system’s control 
action (adjusting cleaning intensity through wheel speed 
variations) is applied to a specific area in response to the 
cleanliness characteristic detected in that area, a POSITA would 
have understood or found it obvious that the area sensed by the 
combined system and that contains the debris is determined as a 
“target area,” at least because it was the area being sensed by the 
camera for purposes of, among other things, detecting 
cleanliness levels. Furthermore, a POSITA would have 
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                 d. 12[c] 
 
 
The Knoll-Fu-007 discloses or suggests 12[c]. Janét, ¶¶335-337. 
 
 
As explained in §§IV.E.1-3, the Knoll-Fu-007 combination’s 
control unit 11 detects cleanliness levels (characteristic) and 
generates control signals that control drive means 12 (part of 
vehicle 1) of vehicle 1 to adjust wheel speeds and cleaning 
intensity based on detected cleanliness levels. Fu-007, pp.10, 12-
16; Knoll, [0028]; Janét, ¶336. A POSITA would have 
understood that the Knoll-Fu-007 combination’s control signals 
that control drive means 12 of vehicle 1 are “a control response” 
that is generated “based on the detected characteristic” 
(cleanliness level) of the target area (the determined specific 
pool surface area where the cleanliness is detected). Janét, ¶336. 
 
 
 
 

understood that in the context of such a robotic scanning system, 
the "target area" is functionally defined as the area currently 
being sensed by the camera. By orienting the camera and 
capturing an image frame, the system effectively determines a 
specific portion of the pool environment as the target for 
inspection. Consequently, when the robot detects a feature (e.g., 
the cleanliness or sediment levels taught by Fu-007) within that 
field of view, it is detecting a characteristic of that determined 
“target area.” Once this characteristic is detected in the target 
area, the subsequent claim limitations (e.g., generating the 
control response) are triggered to act upon that area. 
 
            d. 12[c] “generating a control response based on the 
                detected characteristic of the target area.” 
 
335. In my opinion, the Knoll-Fu-007 discloses or suggests 
12[c]. 
 
336. As explained in §§VII.E.1-VII.E.3 (Reasons for combining 
Knoll and Fu-007, Claims 7-8), the Knoll-Fu-007 combination’s 
control unit 11 detects cleanliness levels (characteristic) and 
generates control signals that control drive means 12 (part of 
vehicle 1) of vehicle 1 to adjust wheel speeds and cleaning 
intensity based on detected cleanliness levels. Fu-007, pp.10, 12-
16, Claim 7; Knoll, [0028]. A POSITA would have understood 
that the Knoll-Fu-007 combination’s control signals that control 
drive means 12 of vehicle 1 are “a control response” generated 
“based on the detected characteristic” (cleanliness level) of the 
target area (the determined specific pool surface area where the 
cleanliness is detected). A POSITA would have further 
understood that the generation of this control response is directly 
causally linked to the characteristic detected within that specific 
target area. Because the system identifies the cleanliness level 
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5.  Claim 13 
 
Claim 13 depends from Claim 12. The Knoll-Fu-007 
combination discloses or suggests claim 13. Janét, ¶¶338-341. 
As explained in §IV.E.1, a POSITA would have been motivated 
to combine Knoll and Fu-007, with a reasonable expectation of 
success. Id. 
 
               a. 13[a] 
 
 
 
As explained in §IV.E.4.c (12[b]), the Knoll-Fu-007 
combination teaches or suggests determining a target area of the 
pool for sensing of cleanliness of “the bottom of the swimming 
pool.” Fu-007, pp.10, 14-16, Claim 7; Janét, ¶339; see also 
§§IV.E.2-3 (Knoll-Fu-007, Claims 7-8). Thus, Knoll-Fu-007 
combination teaches or suggests the target area comprises a 
portion of a surface (bottom) of the swimming pool. Janét, ¶339. 
 

within the sensed field of view (the target area), the resulting 
speed adjustment command (the control response) is calculated 
specifically to address that detected condition—i.e., to modify 
the cleaning intensity applied to that specific location. Had the 
characteristic of that target area been different (e.g., already 
clean with no sediment), the control response would have been 
different (e.g., maintaining standard speed), confirming to a 
POSITA that the response is generated based on th e 
characteristic of that target area. 
 
337. Therefore, it is my opinion that Knoll and Fu-007 render 
Claim 12 obvious. 
 

2.  Claim 13 
 
338. Claim 13 depends from Claim 12. It is my opinion that the 
Knoll-Fu-007 combination discloses or suggests Claim 13. As 
explained in §VII.E.1, a POSITA would have been motivated to 
combine Knoll and Fu-007, with a reasonable expectation of 
success. 
 

a. 13[a] “The method of claim 12, wherein the target 
                  area comprises a portion of a surface of the 
                   swimming pool or spa, and” 
 
339. As explained above in §VII.E.4.c (12[b]), the Knoll-Fu-007 
combination teaches or suggests determining a target area of the 
pool for sensing of cleanliness of “the bottom of the swimming 
pool.” Fu-007, pp.10, 14-16, Claim 7; see also §§VII.E.2-
VII.E.3 (Claims 7-8). Hence, Knoll-Fu-007 combination teaches 
or suggests the target area comprises a portion of a surface 
(bottom) of the swimming pool. 
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               b. 13[b] 
 
 
 
The Knoll-Fu-007 combination discloses or suggests 13[b], 
because as explained in §IV.E.4.c (12[b]), the Knoll-Fu-007 
combination detects a cleanliness level (characteristic) of the 
bottom (portion of the surface) of the swimming pool. Fu-007, 
pp.10, 14-16, Claim 7; Janét, ¶340; see also §§IV.E.2-3 (Claims 
7-8). 
 
 
 
 

6.  Claim 14 
 
Claim 14 depends from Claim 12. The Knoll-Fu-007 
combination discloses or suggests Claim 14. Janét, ¶¶342-343. 
As explained in §IV.E.1, a POSITA would have been motivated 
to combine Knoll and Fu-007, with a reasonable expectation of 
success. Specifically, Knoll’s robotic vehicle 1 constitutes the 
“piece of equipment” for the swimming pool. Janét, ¶342; see 
also §IV.D.3.b (2[a]).  Further, as explained above, a POSITA 
would have been motivated to add Fu-007’s functionalities to 
Knoll’s control unit 11 to Fu-007, thus generating a control 
response that controls the operation of drive means 12 (part of 
robotic vehicle 1) to move robotic vehicle 1 based on the 
detected cleanliness levels. Fu-007, pp.10, 12-16, Claim 7; 
Knoll, [0028]; Janét, ¶342; see also §IV.E.4.d (12[c]). 
 
 
 
 

b. 13[b] “wherein the characteristic comprises a 
                  cleanliness characteristic of the portion of the  
                  surface of the swimming pool or spa.” 
 
340. In my opinion, the Knoll-Fu-007 combination discloses or 
suggests 13[b], because as explained in §VII.E.4.c (12[b]), the 
Knoll-Fu-007 combination detects a cleanliness level 
(characteristic) of the bottom (portion of the surface) of the 
swimming pool. Fu-007, pp.10, 14-16, Claim 7; see also 
§§VII.E.2-VII.E.3 (Claims 7-8).   
 
341. Therefore, it is my opinion that Knoll and Fu-007 render 
Claim 13 obvious. 
 
6. Claim 14 
 
342. Claim 14 depends from Claim 12. It is my opinion that the 
Knoll-Fu-007 combination discloses or suggests Claim 14. As 
explained in §VII.E.1, a POSITA would have been motivated to 
combine Knoll and Fu-007, with a reasonable expectation of 
success. Specifically, in my opinion, Knoll’s robotic vehicle 1 
constitutes the “piece of equipment” for the swimming pool. see 
also §VII.D.3.b (2[a]). Further, as explained in §VII.E.1, it is my 
opinion that a POSITA would have been motivated to add Fu-
007’s functionalities to Knoll’s control unit 11 to Fu-007 
generates a control response that controls the operation of drive 
means 12 (part of robotic vehicle 1) to move or steer robotic 
vehicle 1 based on the detected cleanliness levels. Fu-007, pp.10, 
12-16, Claim 7; Knoll, [0028]; see also §VII.E.4.d (12[c]). 
 
343. Therefore, it is my opinion that Knoll and Fu-007 render 
Claim 14 obvious. 
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       7. Claim 19 
 
Claim 19 depends from Claim 12. The Knoll-Fu-007 
combination discloses or suggests Claim 19. Janét, ¶¶344-349. 
As explained in §IV.E.1, a POSITA would have been motivated 
to combine Knoll and Fu-007, with a reasonable expectation of 
success. Id. 
 
            a. 19[a] 
 
 
 
 
 
 
The Knoll-Fu-007 combination discloses or suggests 19[a]. 
Janét, ¶¶345-346. 
 
As explained above, the Knoll-Fu-007 combination’s control 
unit 11 generates the control response by controlling the drive 
means 12, which move and steer robotic vehicle 1 (cleaning 
device), which is “a cleaning device configured to travel 
adjacent to submerged or water-containing surfaces of the 
swimming pool or spa and to perform a cleaning operation.” Fu-
007, pp.10, 12-16, Claim 7; Knoll, [0028]; Janét, ¶346; see also 
§§IV.E.4.d, IV.E.6 (Knoll-Fu-007, 12[c], Claim 14), §§IV.D.4, 
IV.D.10.b (Knoll, Claim 3, 19[b]). 
 
              b. 19[b] 
 
 
 
 

7. Claim 19 
 
344. Claim 19 depends from Claim 12. In my opinion, the 
Knoll-Fu-007 combination discloses or suggests Claim 19. As 
explained in §VII.E.1, a POSITA would have been motivated to 
combine Knoll and Fu-007, with a reasonable expectation of 
success. 
 

a. 19[a] “The method of claim 12, wherein 
generating the control response comprises 
controlling operation of a cleaning device 
configured to travel adjacent to submerged or 
water-containing surfaces of the swimming pool 
or spa and to perform a cleaning operation,” 

 
345. The Knoll-Fu-007 combination discloses or suggests 19[a]. 
 
 
346. As explained above, the Knoll-Fu-007 combination’s 
control unit 11 generates the control response by controlling the 
drive means 12, which move and steer robotic vehicle 1 
(cleaning device), which is “a cleaning device configured to 
travel adjacent to submerged or water-containing surfaces of the 
swimming pool or spa and to perform a cleaning operation.” Fu-
007, pp.10, 12-16, Claim 7; Knoll, [0028]; see also §§VII.E.4.d, 
VII.E.6 (Knoll-Fu-007, 12[c], Claim 14); §§VII.D.4, VII.D.10.b 
(Knoll, Claim 3, 19[b]). 
 

b. 19[b] “wherein controlling operation of the  
cleaning device comprises one or more of 
controlling a path or route of the cleaning device, 
an aggressiveness of cleaning chemicals 

Patent Owner Zodiac Pool Systems LLC 
Exhibit 2021 - Page 77 of 99



 

 

 
 
 
The Knoll-Fu-007 combination discloses or suggests 19[b]. 
Janét, ¶¶347-349. 
 
As explained above, the Knoll-Fu-007 combination’s control 
unit 11 controls drive means 12 to adjust wheel speeds and 
cleaning intensity of robotic vehicle 1 based on detected 
cleanliness levels. Fu-007, pp.10-11, 15; Knoll, [0028]; Janét, 
¶348; see also §§IV.E.4.d, IV.E.6 (Knoll-Fu-007, 12[c], Claim 
14). Specifically, Fu-007 teaches that “the rotational speed of 
each wheel 3 is adjustable” and “[t]hrough different wheel speed 
combinations, cleaning actions with different cleaning intensities 
can be implemented,” thereby varying mechanical cleaning force 
based on detected surface conditions. Fu-007, pp.10, 14-16, 
Claim 7; Janét, ¶348. This constitutes controlling both the speed 
of the cleaning device (through adjustable wheel speeds) and the 
aggressiveness of mechanical cleaning (through variable 
cleaning intensities) as claimed. Janét, ¶348. 

deployed, an aggressiveness of mechanical 
cleaning, or a speed of the cleaning device.” 

 
347. It is my opinion that the Knoll-Fu-007 combination 
discloses or suggests 19[b]. 
 
348. As explained above, the Knoll-Fu-007 combination’s 
control unit 11 controls drive means 12 to adjust wheel speeds 
and cleaning intensity of robotic vehicle 1 based on detected 
cleanliness levels. Fu-007, pp.10, 12-16, Claim 7; Knoll, [0028]; 
see also §§VII.E.4.d, VII.E.6 (Knoll-Fu-007, 12[c], Claim 14). 
Specifically, Fu-007 teaches that “the rotational speed of each 
wheel 3 is adjustable” and “[t]hrough different wheel speed 
combinations, cleaning actions with different cleaning intensities 
can be implemented,” thereby varying mechanical cleaning force 
based on detected surface conditions. Fu-007, pp.10, 14-16, 
Claim 7. This constitutes controlling both the speed of the 
cleaning device (through adjustable wheel speeds) and the 
aggressiveness of mechanical cleaning (through variable 
cleaning intensities). 
 
349. Therefore, it is my opinion that Knoll and Fu-007 render 
Claim 19 obvious. 
 

       F. Ground 2C: Claims 10 and 17 are Unpatentable over 
           Knoll, Fu-007, and Hsu 
 
               1. Motivation to Combine 
 
Knoll, Fu-007, and Hsu all disclose autonomous cleaning robots 
using cameras and controllers to perform cleaning operations 
with user monitoring and control capabilities. Janét, ¶350.  
 

            F. Ground 2C: Claims 10 and 17 are Unpatentable 
                 over Knoll, Fu-007, and Hsu 
 
                   1. Reasons for Combining Knoll, Fu-007, and Hsu 
 
350. Knoll, Fu-007, and Hsu all disclose autonomous cleaning 
robots using cameras and controllers to perform cleaning 
operations with user monitoring and control capabilities. 
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The Knoll-Fu-007 combination provides a pool cleaning robot 
with camera-based navigation (Knoll) and wireless 
communication capability via Fu-007’s control signal buoyant 
antenna 27 that “floats on a water surface to wirelessly 
communicate” with control keyboard 31. Knoll, [0015], [0028]; 
Fu-007, pp.8-16, Claims 4-5, 7, FIG. 8; §IV.E.1; Janét, ¶351.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hsu provides a display interface showing a map that is “updated 
dynamically” and “can be transmitted to the display screen on an 
external electronic device,” where users can interact with the 
map to control the robot. Hsu, [0018]-[0022], [0033]-[0034], 
Claims 3, 6-8, 12, 15-16, FIGS. 1-5; §IV.C.1.  
 
 
 
 
 

 
351. As explained in §VII.E.1 (Knoll-Fu-007 Motivation), the 
Knoll-Fu-007 combination provides a pool cleaning robot with 
camera-based navigation (Knoll) and wireless communication 
capability (Fu-007). Specifically, Knoll discloses “an 
autonomous robotic vehicle 1 designed as a pool cleaning 
vehicle” with digital camera 6 and control unit 11 that processes 
camera images to control drive means 12 for navigation. Knoll, 
[0027]-[0028], FIG. 1. Fu-007 discloses wireless communication 
via “control signal buoyant antenna 27” that “floats on a water 
surface to wirelessly communicate with the control keyboard 
31.” Fu-007, pp.8-9, 12-14, Claim 4, FIG. 8. Fu-007 further 
teaches that “a control signal is sent by manual operation using 
the control keyboard, to directly or indirectly control the 
underwater cleaning robot.” Fu-007, pp.9-10, 14, Claim 5. 
 
352. As explained in §VII.C.1 (Hsu Summary), Hsu discloses a 
cleaning robot with an environment information detection device 
10 that can be “a camera, a video camera,” and a map 
construction module 20 that constructs an environment 
map “based on the environment information detected by the 
environment information detection device.” Hsu, Abstract, 
[0017]-[0018], [0037]-[0038], Claim 1, FIGS. 1, 5. Hsu teaches 
that the environment map is “updated dynamically” based 
on “real-time working environment information detected by the 
environment information detection device 10.” Hsu, [0020], 
[0033]-[0034], Claims 3, 6, 8-9, 12, 15-16, FIG. 5. Hsu further 
teaches that the “environment map 120 can be transmitted 
to the display screen on an external electronic device 130 or an 
electronic device 130a by...autonomous robot 1 via a 
communication platform 110.” Hsu, [0021],[0028], Claim 7, 
FIGS. 4-5. Notably, Hsu teaches that users can interact with 
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A POSITA would have been motivated to combine the 
complementary teachings of Knoll-Fu-007 and Hsu to achieve 
improved visual monitoring and user control of cleaning 
operations. Janét, ¶353. 
 
A POSITA would have been motivated to apply Hsu’s camera-
based map construction, remote display, and user interaction 
functionalities to the Knoll-Fu-007 combination. Janét, ¶¶354-
357.  
 
First, this modification would have advanced Knoll’s stated goal 
to achieve “complete and efficient cleaning of a pool floor 
and/or the pool walls,” with the working area being “optimized 
and/or completely covered.” Knoll, [0007]; Janét, ¶355.  
 
 
 
 
 
 
 
 
 
 

this remote display: “users can set a working boundary for the 
autonomous robot 1 on the display screen on the electronic 
device 130 or electronic device 130a” and “the autonomous 
robot 1 of the present invention can be controlled remotely such 
that users can assign a working zone for the autonomous robot 1 
or control the autonomous robot 1 through the electronic device 
130 or electronic device 130a via the communication platform 
110.” Hsu, [0021]. 
 
353. A POSITA would have been motivated to combine the 
complementary teachings of Knoll-Fu-007 and Hsu to achieve 
improved visual monitoring and user control of autonomous 
pool cleaning operations for the following reasons.  
 
354. First, a POSITA would have been motivated to add Hsu’s 
remote map display and user control functionality to the Knoll-
Fu-007 combination to advance Knoll’s stated goal of achieving 
“complete and efficient cleaning.”  
 
355. Knoll expressly states that its invention “allows for a 
complete and efficient coverage of the working area, in 
particular a complete and efficient cleaning of a pool floor 
and/or the pool walls.” Knoll, [0007]. Knoll further explains that 
“the working area can be optimized and/or completely covered 
by processing the distance information without having to define 
a route beforehand.” Id. 
 
356. Hsu teaches that environment map 120 shows the working 
environment including working zones and robot position, and 
can be transmitted to external devices for remote viewing. Hsu, 
[0018]-[0022], FIG. 2. Hsu explains that the map is “updated 
dynamically” during operation, which “increase[s] the accuracy 
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A POSITA would have recognized that adding Hsu’s remote 
map display would enable users to verify that Knoll’s 
“complete” coverage is being achieved by visually monitoring 
the robot’s location and progress. Janét, ¶357. 
 
 
 
 
Second, a POSITA would have been motivated to make such 
modification to provide users with remote monitoring and 
control. Janét, ¶¶358-361.  
 
 
 
Hsu teaches that the map “can be transmitted to the display 
screen on an external electronic device 130,” and that users can 
interact with the display to control the robot. Hsu, [0019], 
[0021], Claims 7, 16, 20, FIGS. 4-5.  
 
 
 
 
 
 
 
 
 
 

of the environment map.” Hsu, [0020], [0033]-[0034], Claims 3, 
6, 8-9, 12, 15-16, FIG. 5.  
 
357. A POSITA would have recognized that adding Hsu’s 
remote map display to the Knoll-Fu-007 combination would 
enable users to verify that Knoll’s “complete” coverage is being 
achieved by visually monitoring the robot’s location and 
progress on an external device. This visual verification would 
complement Knoll’s autonomous coverage algorithm by 
allowing users to confirm that no areas were missed. 
 
358. Second, a POSITA would have been motivated to add 
Hsu’s teachings to the Knoll-Fu-007 combination to provide 
users with remote monitoring and control capabilities without 
requiring the user to stand by the pool during the cleaning 
operation.  
 
359. Hsu teaches that the environment map “can be transmitted 
to the display screen on an external electronic device 130 or an 
electronic device 130a,” where device 130 is a PDA and device 
130a is a personal computer. Hsu, [0021], FIG. 4.  Hsu further 
teaches that this remote interface enables interactive control: 
“users can set a working boundary for the autonomous robot 1 
on the display screen on the electronic device 130 or electronic 
device 130a” and “the autonomous robot 1 of the present 
invention can be controlled remotely such that users can assign a 
working zone for the autonomous robot 1 or control the 
autonomous robot 1 through the electronic device 130 or 
electronic device 130a via the communication platform 110.” 
Hsu, [0021]. 
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Fu-007 similarly teaches remote user control via control 
keyboard 31 “to directly or indirectly control the underwater 
cleaning robot.” Fu-007, pp.8-10, 14, Claim 5.  
 
 
 
 
 
 
 
A POSITA would have recognized that combining Hsu’s 
graphical map display with Fu-007’s user control functionality 
would allow users to both monitor cleaning progress and send 
control commands from a remote device. Janét, ¶361. 
 
 
 
 
 
 
A POSITA would have reasonably expected success, because 
the 
 
 
Knoll-Fu-007 combination already has the necessary 
components:  
 
 
camera 6 capturing images of pool surfaces (Knoll),  
 
 
 
 

360. Fu-007 similarly teaches remote user control capability. Fu-
007 discloses that “a control signal is sent by manual operation 
using the control keyboard, to directly or indirectly control the 
underwater cleaning robot via the control signal buoyant 
antenna.” Fu-007, pp.10, 14, Claim 5. Fu-007 explains that 
“[i]n the manual mode, a control signal is sent by manual 
operation using the control keyboard, to directly or indirectly 
control the underwater cleaning robot via the control signal 
buoyant antenna.” Fu-007, pp.9-10, 14, Claim 5. 
 
361. A POSITA would have recognized that combining Hsu’s 
graphical map display and remote control functionality with Fu-
007’s wireless communication capability would allow users to 
both monitor cleaning progress and send control commands 
from a remote device such as a PDA or personal computer. This 
would provide significant practical benefits—users could 
monitor and control the pool cleaning operation from inside their 
home rather than standing by the pool for the duration of the 
cleaning cycle.  
 
362. A POSITA would have had a reasonable expectation of 
success in combining the Knoll-Fu-007 combination with Hsu’s 
teachings. 
 
363. First, the Knoll-Fu-007 combination already has the 
necessary hardware components for implementing Hsu’s remote 
display and control functionality: 
 
364. (1) Image acquisition layer. Knoll discloses “digital camera 
6” that captures images of “boundary surface 4.” Knoll, [0015], 
[0028], FIG. 1. Fu-007 discloses “monitoring camera 2” that 
captures images of “the bottom of the swimming pool.” Fu-007, 
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control unit 11 with image processing capabilities (Knoll), and  
 
 
 
 
 
 
 
 
wireless communication with  
 
 
 
 
a user control interface (Fu-007’s antenna 27 and control 
keyboard 31). Knoll, [0015], [0028]; Fu-007, pp.9-10, 14; Janét, 
¶¶362-370.  
 
The modification would involve routine software changes to 
implement Hsu’s camera-based map construction and transmit 
the map to external devices for display and user interaction—a 
straightforward task yielding predictable results. Id. 
 
 
 
 
 
 
 
 

pp.8-10, 14-16, Claim 7. See also §§VII.B.1 (Fu-007 summary), 
VII.D.1 (Knoll summary). 
 
365. (2) Image processing layer. Knoll discloses “control unit 
11” that processes images from camera 6 to determine distance 
values and control robot movement. Knoll, [0028]. Fu-007 
discloses a “central processing unit” that processes images from 
camera 2 by “comparing the image(s) with the threshold” to 
determine “a cleanliness level” and control cleaner operation. 
Fu-007, pp. 9-10, 14-16, Claim 7, FIG. 6. See also §§VII.B.1 
(Fu-007 summary), VII.D.1 (Knoll summary). 
 
366. (3) Wireless communication. Fu-007 discloses control 
signal buoyant antenna 27 that enables wireless communication 
between the underwater robot and external devices. Fu-007, 
pp.8-10, 12-16, Claims 4-5, 7, FIG. 8. 
 
367. (4) User control interface. Fu-007 discloses control 
keyboard 31 for sending control signals to the robot. Fu-007, 
pp.8-10, 12-14, Claims 4-5. 
 
368. Second, the modification required to implement Hsu’s map 
construction and remote display functionality would involve 
software changes to Knoll’s control unit 11. Specifically, control 
unit 11 would be programmed to: (a) construct a graphical map 
based on images captured by camera 6; (b) update the map 
dynamically during cleaning operations; and (c) transmit the 
map via Fu-007’s wireless communication system to external 
devices for display. These are routine software programming 
tasks that would have been within ordinary skill in the art. 
 
369. Third, implementing Hsu’s interactive user control 
functionality would similarly involve software modifications to 
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           2.  Claim 10 
 
Claim 10 depends from Claim 2. The combination of Knoll, Fu-
007, and Hsu discloses or suggests Claim 10. Janét, ¶¶371-378. 
 
 
Knoll teaches that control unit 11 (controller) receives images 
(visual data) from camera 6. Knoll, [0018], [0028], FIG. 1. 
Control unit 11 processes images from camera 6 for distance 
measurement, obstacle detection, and navigation control. Knoll, 
[0015], [0018], [0028], FIG.1; Janét, ¶372; §§IV.D.2.f-IV.D.2.g, 
IV.D.3.d (1[e][i]-1[e][ii], 2[c][i]-2[c][ii]). 
 
As explained in §IV.B.1, Fu-007 teaches wireless 
communication via control signal buoyant antenna 27 that 
“floats on a water surface to wirelessly communicate.” Fu-007, 
pp.8-10, 12-16, Claims 4-5, 7, FIG. 8. 
 
As explained in §IV.C.1, Hsu teaches that a map is constructed 
and “updated dynamically…based on the real-time working 
environment information,” and “can be transmitted to the display 
screen on an external electronic device 130 [e.g., a PDA].” Hsu, 

enable control unit 11 to receive user commands transmitted 
from external devices via the wireless communication system 
and adjust robot operation accordingly. Fu-007 already 
demonstrates that such bidirectional wireless communication for 
robot control was achievable in underwater pool cleaning 
applications.  
 
370. For these reasons, it is my opinion that a POSITA would 
have had a reasonable expectation of success in combining the 
teachings of Knoll, Fu-007, and Hsu. 
 
         2.  Claim 10 
 
371. Claim 10 depends from Claim 2. It is my opinion that the 
combination of Knoll, Fu-007, and Hsu discloses or suggests 
Claim 10. 
 
372. Knoll teaches control unit 11 (controller) that receives 
images (visual data) from camera 6. Knoll, [0018], [0028], FIG. 
1. Control unit 11 processes images from camera 6 for distance 
measurement, obstacle detection, and navigation control. Knoll, 
[0015], [0018], [0028], FIG. 1; see also §§VII.D.2.f-VII.D.2.g, 
VII.D.3.d-VII.D.3.e (1[e][i]-1[e][ii], 2[c][i]-2[c][ii]). 
 
373. As explained in §VII.B.1 (Fu-007 summary), Fu-007 
teaches wireless communication via control signal buoyant 
antenna 27 that “floats on a water surface to wirelessly 
communicate.” Fu-007, pp.9-10, 14, Claim 4, FIG. 8. 
 
374. As explained in §VII.C.1 (Hsu summary), Hsu teaches that 
when the environment information detection device is a camera, 
“an environment map is constructed based on the environment 
information detected,” “updated dynamically…based on the 
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Abstract, [0018]-[0021], [0024], [0033]-[0034], Claims 3, 6-9, 
12, 15-16, FIGS. 1-5.  
 
 
 
Hsu also teaches that the dynamically updated map reflects 
“real-time working environment information” including detected 
obstacles. Hsu, [0020]. 
 
 
As explained in §IV.F.1, a POSITA would have been motivated 
to combine Knoll, Fu-007, and Hsu with a reasonable 
expectation of success. Janét, ¶375. In the combined system, 
Knoll’s control unit 11 would receive images from camera 6 
(visual data), construct a graphical map (graphical depiction; per 
Hsu) showing working area 3, boundary surface 4, robot 
position, and detected obstacles based on the camera images, and 
transmit this graphical map via Fu-007’s wireless 
communication system to external electronic device 130 (remote 
device; per Hsu) for display. Knoll, [0015], [0018], [0028]; Hsu, 
[0018]-[0021], Claims 7, 16, FIGS. 1-4; Fu-007, pp.9-10, 14, 
Claim 4, FIG. 8; Janét, ¶375. The map would be updated 
dynamically as robot 1 moves and camera 6 captures  images 
during cleaning operations. Hsu, [0020], [0033]-[0034], Claims 
3, 6, 8-9, 12, 15-16; Janét, ¶375. 
 
Hsu’s external electronic devices 130/130a constitute “remote 
device” as claimed. Hsu, [0021], FIG. 4; Janét, ¶376. A POSITA 
would have understood that presenting the graphical map on the 
remote device display constitutes the “control action” based on 
visual data from camera 6, as recited in Claim 10. Janét, ¶376. 
 
 

real-time working environment information detected by the 
environment information detection device 10,” and “can be 
transmitted to the display screen on an external electronic device 
130 or an electronic device 130a,” where device 130 is a PDA 
and device 130a is a personal computer. Hsu, Abstract, [0018]-
[0021], [0024], [0033]-[0034], [0037]-[0038], Claims 3, 6-9, 12, 
15-16, FIGS. 1-5. Hsu teaches that the dynamically updated map 
reflects “real-time working environment information” including 
detected obstacles. Hsu, [0020]. 
 
375. As explained in §VII.F.1, a POSITA would have been 
motivated to combine Knoll, Fu-007, and Hsu with a reasonable 
expectation of success. In the combined system, Knoll’s control 
unit 11 would receive images from camera 6 (visual data), 
construct a graphical map (graphical depiction; per Hsu) 
showing working area 3, boundary surface 4, robot position, and 
detected obstacles based on the camera images, and transmit this 
graphical map via Fu-007’s wireless communication system to 
external electronic device 130 or 130a (remote device; per Hsu) 
for display. Knoll, [0015], [0018], [0028]; Hsu, [0018]-[0021], 
[0037]-[0038], Claims 7, 16, FIGS. 1-4; Fu-007, pp.9-10, 14, 
Claim 4, FIG. 8. The map would be updated dynamically as 
robot 1 moves and camera 6 captures images during cleaning 
operations. Hsu, [0020], [0033]-[0034], Claims 3, 6, 8-9, 12, 15-
16. 
 
376. Hsu’s external electronic devices 130/130a are separate 
devices that communicate with the robot via communication 
platform 110. Hsu, [0021], FIG. 4. A POSITA would have 
understood that these external devices constitute "remote device" 
as recited in Claim 10 because they are physically separate from 
the robot and receive transmitted data wirelessly. See also 
§VII.C.3 (Cui-Hsu, Claim 10). A POSITA would have 

Patent Owner Zodiac Pool Systems LLC 
Exhibit 2021 - Page 85 of 99



 

 

 
 
 
 
As explained in IV.F.1, a POSITA would have reasonably 
expected success in make such modification. Janét, ¶377. 
 
 
 
       3. Claim 17 
 
Claim 17 depends from Claim 12. The Knoll-Fu-007-Hsu 
combination discloses or suggests Claim 17. Janét, ¶¶379-392. 
 
                 a. 17[a] 
 
 
 
The Knoll-Fu-007-Hsu combination discloses or suggests 17[a]. 
Janét, ¶¶380-384. As explained in §IV.F.1, a POSITA would 
have been motivated to combine Knoll, Fu-007, and Hsu with a 
reasonable expectation of success. 
 
As explained in §IV.F.1 (Claim 10), the combined system 
displays a dynamically updated map of the working area on an 
external electronic device (remote device).  
 
 
 
 
 
 
 

understood that presenting the graphical map on the remote 
device display constitutes "the control action" based on visual 
data from camera 6, as expressly recited in Claim 10. 
 
377. As explained in §VII.F.1, a POSITA would have 
reasonably expected success in making such modification. 
378. Therefore, it is my opinion that the Knoll-Fu-007-Hsu 
combination renders Claim 10 obvious. 
 
       3. Claim 17 
 
379. Claim 17 depends from Claim 12. It is my opinion that the 
Knoll-Hsu combination discloses or suggests Claim 17. 
 

a. 17[a] “The method of claim 12, wherein 
generating the control response comprises 
prompting a user on a remote device, and” 

 
380. In my opinion, the Knoll-Fu-007-Hsu combination 
discloses or suggests 17[a]. 
 
 
 
381. As explained in §VII.F.2 (Claim 10), the combined system 
displays a dynamically updated map of the working area on an 
external electronic device (remote device). Specifically, Knoll’s 
control unit 11 would construct a graphical map showing 
working area 3, boundary surface 4, robot position, and detected 
obstacles based on images from camera 6, and transmit this map 
via Fu-007’s wireless communication system to Hsu’s external 
electronic device 130 or 130a for display. 
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Additionally, Hsu teaches that this remote interface allows users 
to actively “set a working boundary” on the display screen and 
control the robot through electronic device 130. Hsu, [0019], 
[0021]; Janét, ¶382. 
 
 
 
 
 
A POSITA would have understood that displaying this 
interactive map on the remote device constitutes “prompting a 
user,” because the interface presents the user with the current 
status (e.g., robot position, existing boundaries) and provides the 
option to modify boundaries or control the robot, thereby 
soliciting user engagement and inviting a control decision. Janét, 
¶383. Thus, the act of generating the display with these 
interactive boundary-setting options on a remote device serves 
as the control response that prompts the user on that device. Id. 
 
 
 
 
 
 
 
 
As explained in IV.F.1, a POSITA would have reasonably 
expected success in make such modification. Janét, ¶384. 

382. Hsu teaches that this remote interface is not merely a 
passive display; it provides interactive functionality that allows 
users to actively control the robot.  Specifically, Hsu teaches that 
“an input device 90 can be used by a user to assign a working 
boundary 140 on the environment map 120 on the display 
interface 70.” Hsu, [0019]. Hsu further teaches that “users can 
set a working boundary for the autonomous robot 1 on the 
display screen on the electronic device 130 or electronic device 
130a” and that “the autonomous robot 1 of the present invention 
can be controlled remotely such that users can assign a working 
zone for the autonomous robot 1 or control the autonomous 
robot 1 through the electronic device 130 or electronic device 
130a via the communication platform 110.” Hsu, [0021]. 
 
383. A POSITA would have understood that displaying this 
interactive map on the remote device constitutes “prompting a 
user” because the interface presents the user with the current 
status of the cleaning operation—including robot position, 
working area boundaries, and detected obstacles—and explicitly 
provides options to modify or define new boundaries or 
otherwise control the robot. This presentation of status 
information together with actional options solicits user 
engagement and invites a control decision. For example, viewing 
the map may prompt a user to define a “custom working 
boundary” if the current cleaning area is insufficient, or to 
redirerct the robot to a different zone. Thus, it is my opinion that 
the act of generating and displaying the interactive map with 
these boundary-setting and robot-control options on “external 
electronic device 130 or…130a” serves as the control response 
that prompts the user on a remote device as claimed. 
 
384. As explained in §VII.F.1, a POSITA would have 
reasonably expected success in making such modification. 
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                 b. 17[b] 
 
 
 
The Knoll-Fu-007-Hsu combination discloses or suggests 17[b]. 
Janét, ¶¶385-392. 
 
Knoll teaches that “a boundary line and/or boundary surface 
within the meaning of the invention is not necessarily to be 
understood as a line or surface directly delimiting the working 
area,” but rather “it is also possible to realize an embodiment in 
which the boundary line and/or the boundary surface is/are 
arranged at a distance from the outer boundaries of the working 
area.” Knoll, [0007]. See also §IV.D.1. Thus, Knoll 
contemplates user-defined working boundaries that can be set 
within the pool area, not just following physical pool walls. 
Janét, ¶386. 
 
 
Fu-007 discloses “control signal buoyant antenna 27” that 
“floats on a water surface to wirelessly communicate with the 
control keyboard 31.” Fu-007, pp.8-10, 12-16, Claims 4-5, 7, 
FIG. 8. Fu-007 further teaches that “a control signal is sent by 
manual operation using the control keyboard, to directly or 
indirectly control the underwater cleaning robot via the control 
signal buoyant antenna.” Fu-007, pp.8-10, 14, Claim 5; §IV.B.1. 
 
 
Hsu teaches that “users can set a working boundary for the 
autonomous robot 1 on the display screen on the electronic 
device 130” and that “autonomous robot 1...can be controlled 

 
b. 17[b] “wherein the method further comprises 

                      receiving a control input from the user on the 
                      remote device for controlling a piece of 
                      equipment of the swimming pool or spa.” 
 
385. In my opinion, the Knoll-Fu-007-Hsu combination 
discloses or suggests 17[b]. 
 
386. As explained in §VII.D.1 (Knoll summary), Knoll teaches 
that “a boundary line and/or boundary surface within the 
meaning of the invention is not necessarily to be understood as a 
line or surface directly delimiting the working area,” but rather 
“it is also possible to realize an embodiment in which the 
boundary line and/or the boundary surface is/are arranged at a 
distance from the outer boundaries of the working area.” Knoll, 
[0007]. This demonstrates that Knoll contemplates user-defined 
working boundaries that can be set within the pool area, not just 
following physical pool walls. This provides flexibility for users 
to define custom cleaning zones. 
 
387. As explained in §VII.B.1 (Fu-007 summary), Fu-007 
discloses “control signal buoyant antenna 27” that “floats on a 
water surface to wirelessly communicate with the control 
keyboard 31.” Fu-007, pp.8-10, 12-16, Claims 4-5, 7, FIG. 8. 
Fu-007 further teaches that “a control signal is sent by manual 
operation using the control keyboard, to directly or indirectly 
control the underwater cleaning robot via the control signal 
buoyant antenna.” Id., pp.8-10, 14, Claim 5. 
 
388. Hsu teaches that “users can set a working boundary for the 
autonomous robot 1 on the display screen on the electronic 
device 130 or electronic device 130a” and that “the autonomous 
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remotely such that users can assign a working zone for the 
autonomous robot 1 or control the autonomous robot 1 through 
the electronic device 130...via the communication platform 110.” 
Hsu, [0021], FIG. 4; §IV.C.1.  
 
 
In the Knoll-Fu-007-Hsu combination, users would provide 
control input by setting a working boundary on external 
electronic device 130 (remote device), defining the working 
zone for Knoll’s robotic vehicle 1 to clean. Hsu, [0021]; Janét, 
¶389. This control input would be transmitted via Hsu’s 
communication platform 110 and Fu-007’s wireless 
communication system (buoyant antenna 27) to Knoll’s control 
unit 11, which would then control robotic vehicle 1 (equipment) 
to operate within the user-defined working zone. Hsu, [0021]; 
Fu-007, pp.9-10, 14, FIG. 8; Knoll, [0027]-[0028]; Janét, ¶389. 
This constitutes “receiving a control input from the user on the 
remote device for controlling a piece of equipment of the 
swimming pool.” Janét, ¶389. 
 
A POSITA would have been motivated to make this 
combination, in addition to the reasons explained in §IV.F.1, to 
achieve Knoll’s stated goal of optimizing “the working area” by 
enabling users to define custom working boundaries “arranged at 
a distance from the outer boundaries of the working area” via 
Hsu’s remote interface.  Knoll, [0007]; Hsu, [0021]; Janét, ¶390.  
 
This modification would have allowed users to specify particular 
areas requiring cleaning without physically adjusting pool-side 
equipment—a practical benefit that a POSITA would have 
recognized. Janét, ¶390. 
 
 

robot 1 of the present invention can be controlled remotely such 
that users can assign a working zone for the autonomous robot 1 
or control the autonomous robot 1 through the electronic device 
130 or electronic device 130a via the communication platform 
110.” Hsu, [0021], FIG. 4. 
 
389. In the Knoll-Fu-007-Hsu combination, users would provide 
control input by setting a working boundary on external 
electronic device 130 or 130a (remote device), defining the 
working zone for Knoll’s robotic vehicle 1 to clean. Hsu, [0021]. 
This control input would be transmitted via Hsu’s 
communication platform 110 to Fu-007’s wireless  
communication system (buoyant antenna 27) to Knoll’s control 
unit 11 operating underwater, which would then control robotic 
vehicle 1 (equipment) to operate within the user-defined 
working zone. Hsu, [0021]; Fu-007, pp.8-10, 12-17, Claims 4-5, 
7, FIG. 8; Knoll, [0027]-[0028]. This constitutes “receiving a 
control input from the user on the remote device for controlling a 
piece of equipment of the swimming pool.” 
 
390. A POSITA would have been motivated to combine Knoll, 
Fu-007, with Hsu, in addition to the reasons explained in 
§VII.F.1, to achieve Knoll’s explicitly mentioned goal that “the 
working area can be optimized” by enabling users to remotely 
define custom working boundaries “arranged at a distance from 
the outer boundaries of the working area” via Hsu’s remote 
interface,” in addition to those as explained in §VII.F.2 (Claim 
10). Knoll, [0007]; Hsu, [0021]. This modification would have 
allowed users to specify particular areas requiring cleaning (e.g., 
a heavily soiled section) without reprogramming the robot or 
physically adjusting pool-side equipment—a practical benefit 
that a POSITA would have recognized.  
 

Patent Owner Zodiac Pool Systems LLC 
Exhibit 2021 - Page 89 of 99



 

 

As explained in IV.F.1, a POSITA would have reasonably 
expected success in make such modification. Janét, ¶391. 

391. As explained in §VII.F.1, a POSITA would have 
reasonably expected success in making such modification. 
 
392. Thus, it is my opinion that the Knoll-Fu-007-Hsu 
combination renders Claim 17 obvious. 

 G. Ground 3: Claims 2, 4, 7, 12, and 14-16 are 
                  Unpatentable over Laitta 
 
                   1. Laitta 
 
Laitta (EX1012) discloses a “pool video safety...system” for 
monitoring “swimming pool areas.” Id., Abstract, [0001]. 
 
Laitta’s system monitors pool 12 using a camera 14 that is 
“positioned to have a view of the area being observed.” Id., 
[0016]-[0017], FIGS. 1-2 (reproduced below). 
 
[image omitted] 
 
Laitta discloses that “[o]n detection of an alert condition as 
viewed by camera 14 and interpreted by processor 21,” an alarm, 
e.g., “a visual alert” or “audio alert” may be provided. Id., 
[0018]. Laittai’s processor utilizes criteria such as “motion,” 
“size of object,” and “speed” to “determine whether an alarm 
event has taken place.”  Id., [0020]. 
 
                  2. Claim 2 
 
Laitta discloses or suggests Claim 2. Janét, ¶¶393-407. 
 
 
                        a. 2[pre] 
 

                G. Ground 3: Claims 2, 4, 7, 12, and 14-16 are  
                    Unpatentable over Laitta 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        1. Claim 2 
 
393. It is my opinion that Laitta (EX1012) discloses or suggests 
Claim 2. 
 
               a. 2[pre] “A pool system comprising:” 
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Laitta discloses or suggests 2[pre]. Janét, ¶¶394-395. 
 
Laitta discloses a “pool video safety...system.” Laitta, Abstract, 
[0001].  Laitta’s system monitors “pool 12” using cameras and 
control equipment. Laitta, [0016], FIG. 2 (below). 
 
 
 
[image omitted]  
 
                       b. 2[a] 
 
 
 
Laitta discloses or suggests 2[a]. Janét, ¶¶396-397. 
 
The ’207 Patent does not define “equipment for a swimming 
pool or spa,” but describes some device outputting “an 
alert...upon the person’s detected presence.” EX1001, 3:56-64. 
Similarly, Laitta’s system includes alert devices—“a visual alert 
(flashing light…)” and “audio alert (horn, bell...)”—triggered 
“[o]n detection of an alert condition.” Laitta [0016]-[0018]. 
Laitta’s alert devices constitute “equipment for a swimming 
pool” because they operate to detect entry into the pool’s 
monitoring area. EX1001, 3:56-64; Laitta [0016]-[0018]; Janét, 
¶397. 
 
                      c. 2[b] 
 
 
 
 
 

394. In my opinion, Laitta discloses or suggests the preamble. 
 
395. Laitta discloses a “pool video safety, security and intrusion 
surveillance system” for monitoring “swimming pool areas.” 
Laitta, Title, Abstract, [0001]. Laitta’s system monitors 
“swimming pool 12” using cameras and control equipment. 
Laitta, [0016], FIG. 2. 
 
[image omitted] 
 

b. 2[a] “at least one piece of equipment for a 
swimming pool or spa;” 

 
396. It is my opinion that Laitta discloses or suggests 2[a]. 
 
397. The ’207 Patent does not define “equipment for a 
swimming pool or spa,” but describes some device outputting 
“an alert...upon the person’s detected presence.” EX1001, 3:56–
64. Similarly, Laitta’s system includes alert devices—“a visual 
alert (flashing light…)” and “audio alert (horn, bell...)”—
triggered “[o]n detection of an alert condition” while monitoring 
“a swimming pool.” Laitta [0016]- [0018]. Laitta’s alert devices 
constitute “equipment for a swimming pool” because as part of 
Laitta’s system, they are installed and operate to detect entry into 
the pool’s monitoring area, consistent with the ’207 Patent’s 
teaching. 
 

c. 2[b] “one or more cameras configured to 
capture video or images of at least a portion of a 
location including the swimming pool or spa; 
and” 

 
398. It is my opinion that Laitta discloses or suggests 2[b]. 
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Laitta discloses or suggests 2[b]. Janét, ¶¶398-400. 
 
Laitta’s pool system includes camera(s) 14 that observe pool 12 
and are “positioned to have a view of the area being observed.” 
Laitta, [0016]-[0017], FIG. 1 (below). 
 
[image omitted]  
 
Laitta describes sending “an email with attached images selected 
from the images from the camera,” “a video monitor 
32...enabl[ing] viewing of the image being supplied by the 
camera,” and “a recorder 34...record[ing] the images supplied 
by the camera 14.” Id., [0018]-[0019], FIG. 2 (below). A 
POSITA would have understood that Laitta’s camera captures 
those images. Janét, ¶400. 
 
[image omitted] 
 
 
                   d. 2[c][i] 
 
 
 
Laitta discloses or suggests 2[c][i]. Janét, ¶¶401-404. 
 
 
 
 
 
Laitta’s system includes a processor 21 (controller) wired to 
camera 14 and to visual alert 24, audio alert 26, email alert 28, 
and/or telephone alert 30. See Laitta, FIG. 2 (below). 
 

 
399. Laitta’s pool system includes camera(s) 14 that observe 
swimming pool 12 and are “suitably positioned to have a view of 
the area being observed.” Laitta, [0016]-[0017], FIG. 1. 
 
[image omitted] 
 
400. Laitta describes sending “an email with attached images 
selected from the images from the camera,” “a video monitor 
32...enabl[ing] viewing of the image being supplied by the 
camera,” and “a recorder 34...record[ing] the images supplied by 
the camera 14.” Id., [0018]-[0019], FIG. 2. A POSITA would 
have understood that Laitta’s camera, which supplies images for 
viewing, emailing, and recording would have captured those 
images in the first place. 
 
[image omitted] 
 

d. 2[c][i] “a controller in communication with the 
At least one piece of equipment and the one or 
more cameras,” 

 
401. It is my opinion that Laitta discloses or suggests 2[c][i]. 
 
402. Laitta’s system includes a processor 21 (controller) in 
communication with the alert devices (equipment) and camera 
14.  
 
403. Laitta’s Figure 2 shows a processor 21 wired to camera 14 
on one side and to the alert hardware on the other—visual alert 
24, audio alert 26, email alert 28, and telephone alert 30. 
 
[image omitted] 
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[image omitted] 
 
Laitta describes that “[t]he output of the camera is supplied to a 
processor 21,” which “interfaces with a visual alert 24, an audio 
alert 26, an email…alert 28 and a telephone alert 30.” Id., 
[0017]. Laitta further explains that “[o]n detection of an alert 
condition as viewed by camera 14 and interpreted by processor 
21, an alarm may be sounded,” including the visual, audio, 
email, and telephone alerts. Id., [0018]. Because processor 21 
receives image data from camera 14 and drives the alert 
devices, it is a controller in communication with both the 
camera(s) and the equipment. 
 
                 e. 2[c][ii] 
 
 
 
 
 
Laitta discloses or suggests 2[c][ii]. Janét, ¶¶405-406. 
 
Laitta’s processor (controller) receives visual/image data from 
camera 14. See §IV.G.2.d (2[c][i]). Laitta’s processor 21 also 
determines a control action for alert devices (equipment) based 
on the received visual data, because alerts are triggered “as 
viewed by camera 14 and interpreted by processor 21,” after 
which “an alarm may be sounded,” with the processor 
interfacing with “a visual alert…, an audio alert…, an 
email…alert…and a telephone alert.” Laitta, [0017]-[0018]. 
Laitta further explains the processor uses decision criteria—
“motion,” “size of object,” and “speed”—to “determine whether 
an alarm event has taken place.” Laitta, [0020]. Laitta’s 
processor’s determining (and generating) alert signals constitutes 

 
404. Laitta describes that “[t]he output of the camera is supplied 
to a processor 21” and that the “processor…interfaces with a 
visual alert 24, an audio alert 26, an email…alert 28 and a 
telephone alert 30.” Laitta, [0017]. Laitta further explains 
operation: “[o]n detection of an alert condition as viewed by 
camera 14 and interpreted by processor 21, an alarm may be 
sounded,” including the visual, audio, email, and telephone 
alerts. Laitta, [0018]. Because processor 21 receives image data 
from camera 14 and drives the alert devices, it is a controller in 
communication with both the camera(s) and the equipment. 
 

e. 2[c][ii] “the controller configured to receive 
visual data from the one or more cameras and 
determine a control action for the at least one 
piece of equipment based on the received visual 
data.” 

 
405. It is my opinion that Laitta discloses or suggests 2[c][ii]. 
 
406. Laitta’s processor 21 (controller) receives visual/image data 
from camera 14. See §VII.G.1.d (2[c][i]). Laitta’s processor 21 
also determines a control action for alert devices (equipment) 
based on the received visual data, because alerts are triggered 
“as viewed by camera 14 and interpreted by processor 21,” after 
which “an alarm may be sounded,” with the processor 
interfacing with “a visual alert…, an audio alert…, an 
email…alert…and a telephone alert.” Laitta, [0017]-[0018]. 
Laitta further explains the processor’s decision criteria—
detecting “motion,” “size of object,” and “speed” to “determine 
whether an alarm event has taken place.” Laitta, [0020]. Laitta’s 
processor 21’s determining (and generating) alert signals 
constitutes “determine[ing] a control action” for alert devices 
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“determine[ing] a control action” for alert devices (equipment) 
based on the received visual data, because Laitta’s processor 
analyzes images to decide whether an event occurred and then 
activates the visual/audio/email/telephone alert devices, based on 
the received visual/image data. Id.; Janét, ¶406. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        3. Claim 7 
 
Laitta discloses or suggests claim 7. Janét, ¶¶411-414. 
 

(equipment) based on the received visual data, because Laitta’s 
processor 21 analyzes images to decide whether an alert event 
occurred and then activates the visual/audio/email/telephone 
alert hardware based on the received visual/image data. Id. 
 
407. Therefore, it is my opinion that Laitta renders Claim 2 
obvious. 
 
2. Claim 4 
 
408. In my opinion, Laitta discloses or suggests Claim 4 because 
Laitta’s cameras are mounted external to swimming pool 12, as 
shown in Figure 1 (annotated below), aiming across an 
observation perimeter 16 around the pool, and labeled as 
an “External Camera” that detects motion and triggers alarms. 
 
[image omitted] 
 
409. The specification also describes that “a swimming pool 12 
is observed by...cameras 14 which observe the pool area.” Laitta, 
[0016]. A POSITA would have understood that cameras 
observing the pool area from outside the water and monitoring a 
perimeter around the pool are mounted external to the pool. 
 
410. Therefore, it is my opinion that Laitta renders Claim 4 
obvious. 
 
         3. Claim 7 
 
411. In my opinion, Laitta discloses or suggests Claim 7. 
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Laitta’s processor (controller) analyzes the visual data from 
camera 14 to detect a person being present or an “alarm event.” 
Laitta, [0017]-[0018], [0020]; §§IV.G.2.d-e (2[c][i]-[ii]).  
 
 
A POSITA would have understood that a person being present 
or an alarm event constitutes a “characteristic of the location,” 
because it describes the state of the monitored area. Janét, ¶412.  
 
 
 
Laitta’s processor then controls the alert devices (equipment) to 
output alerts based on the detected characteristics (e.g., presence 
of a person). See §IV.G.2.e (2[c][ii]); Janét, ¶413. 
 
 
 
 
        4. Claim 12 
 
Laitta discloses or suggests Claim 12. Janét, ¶¶415-422. 
 
               a. 12[pre] 
 
 
Laitta discloses or suggests 12[pre], because it discloses “a pool 
video safety...system” that monitors “pool areas” using cameras 
and processor to detect conditions and generate responses. 
Laitta, Title, Abstract, [0016]-[0018], FIGS 1-2; Janét, ¶416; 
§IV.G.1. 
 
 
               b. 12[a] 

412. Laitta’s processor 21 (controller) receives visual data from 
camera 14.  Laitta, [0017]-[0018]; see also §§VII.G.1.d-
VII.G.1.e (elements 2[c][i]-[ii]). Laitta’s processor 21 analyze 
the visual data to detect whether a person being present (a 
“human child or adult”) or the occurrence of an “alarm event” at 
a pool location. Laitta, [0020]. A POSITA would have 
understood that the presence of a person or the occurrence of an 
alarm event constitutes a “characteristic of the location” because 
it describes the instantaneous state—specifically, the occupancy 
or security status—of the monitored pool area. 
 
413. Laitta’s processor 21 then controls the alert devices 
(equipment) to output alerts based on the detected characteristics 
(e.g., presence of a person). See §VII.G.1.e (2[c][ii]). 
 
414. Therefore, it is my opinion that Laitta renders Claim 7 
obvious. 
 
           4.  Claim 12 
 
415. In my opinion, Laitta discloses or suggests Claim 12. 
 

a. 12[pre] “A method for monitoring a pool  
system, the method comprising:” 

 
416. It is my opinion that Laitta discloses or suggests the 
preamble.  Specifically, Laitta discloses “a pool video safety, 
security and intrusion surveillance system” that monitors 
“swimming pool areas” using cameras and processors to detect 
conditions and generate responses. Laitta, Title, Abstract, 
[0016]-[0018], FIGS 1-2; see also §VII.G.1 (Claim 2). 
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Laitta discloses or suggests 12[a], beacuse Laitta’s processor 
(controller) receives images from camera 14, and  
 
a POSITA would have understood that these are “images of at 
least a portion of a location including a swimming pool,” as 
Laitta explains that “pool 12 is observed by...cameras 14 which 
observe the pool area” (FIG. 1, observation perimeter 16). Laitta, 
[0017]-[0019], FIG. 1; Janét, ¶417; §§IV.D.3.d-e (2[c][i]-
2[c][ii]). 
 
               c. 12[b] 
 
 
Laitta discloses or suggests 12[b]. Janét, ¶¶418-420. 
 
Laitta discloses determining monitoring/monitored zones or 
sensing area (target area). Laitta, [0016]-[0018], [0022], FIG. 1; 
Janét, ¶419. Specifically, Laitta teaches that “observation 
perimeter 16...is defined around the pool” and “monitoring 
zones may be set…which define monitored zones…used when 
determining alarm conditions,” while “areas in the field of view 
can be masked off or...be ignored or specifically observed.” 
Laitta, [0016]-[0018], [0022], FIG. 1. Thus, Laitta’s system 
determines the target area by defining observation perimeter 16 
(or monitoring/monitored/sensing zones) and applying 
masking/foreground-background separation. Laitta, [0016]-
[0018], [0020], FIG. 1 (below); Janét, ¶419. 
 
[image omitted] 

b. 12[a] “receiving images of at least a portion of 
a location including a swimming pool or spa 
from one or more cameras;” 

 
417. In my opinion, Laitta discloses or suggests this limitation. 
Laitta’s processor 21 (controller) receives images from camera 
14. Laitta, [0017]–[0019], FIG. 1; see also §§VII.D.3.d-
VII.D.3.e (elements 2[c][i]-2[c][ii]). It is my opinion that A 
POSITA would have understood that these are “images of at 
least a portion of a location including a swimming pool” because 
Laitta explains that “swimming pool 12 is observed by...cameras 
14 which observe the pool area” (FIG. 1, observation perimeter 
16). Laitta [0016]–[0017], FIG. 1. 
 

c. 12[b] “determining a target area and detecting 
a characteristic of the target area based on the 
images; and” 

 
418. In my opinion, Laitta discloses or suggests this limitation. 
 
419. Laitta discloses determining monitoring/monitored zones or 
sensing area (target area). Laitta, [0016]–[0018], [0022], FIG. 1. 
Specifically, Laitta teaches that “observation perimeter 16 (or 
multiple such perimeters or zones) is defined around the pool” 
and “monitoring zones may be set…which define monitored 
zones…used when determining alarm conditions,” while “areas 
in the field of view can be masked off or on so as to be ignored 
or specifically observed.” Laitta, [0016]–[0018], [0022], FIG. 1. 
Laitta’s system determines the target area by defining 
observation perimeter 16 and/or monitoring/monitored/sensing 
zones and by applying masking/foreground–background 
separation so only the specifically observed (unmasked) regions 
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Laitta also discloses detecting a characteristic of the target area 
based on the images, because its processor (controller) analyzes 
visual data to detect presence of person or an “alarm event” 
within the monitored zones (target area). See §IV.G.3 (Claim 7). 
A POSITA would have understood that this presence of a person 
constitutes a characteristic of the target area (i.e., its occupancy 
or security status), which is detected based on the processor’s 
analysis of visual parameters like motion, size, and speed in the 
images. Janét, ¶420. 
 
 
 
            d. 12[c] 
 
 
 
Laitta discloses or suggests 12[c], because its system generates a 
control response—actuating alert devices (e.g., visual alert 24, 
audio alert 26)—based on the detected occupancy or security 
status (characteristic) of monitoring/monitored/sensing zones 
(target area). Laitta, [0016]-[0018], [0020], FIGS. 1-2; Janét, 
¶421; §IV.G.2.e (2[c][ii]). 
 
 
 
 
 
            5. Claim 14 
 

are considered when determining alarm conditions. Laitta, 
[0016]–[0018], [0020], FIG. 1.  
 
420. Laitta also discloses detecting a characteristic of the target 
area based on the images. Laitta’s processor 21 (controller) 
analyzes visual data to detect the presence of a person (e.g., a 
“human child or adult”) or the occurrence of an “alarm event” 
within the monitored zones (target area)]. See §VII.G.3 (Claim 
7). A POSITA would have understood that this presence of a 
person or occurrence of an alarm event constitutes a  
characteristic of the target area (i.e., its occupancy or security 
status), which is detected based on the processor’s analysis of 
visual parameters like motion, size, and speed in the images. 
 
[image omitted] 
 

d. 12[c] “generating a control response based on 
the detected characteristic of the target area.” 

 
421. In my opinion, Laitta discloses or suggests this limitation 
because its system generates a control response—actuating alert 
devices (visual alert 24, audio alert 26, an email alert 28, and/or 
telephone alert 30)—based on the detected occupancy or 
security status (characteristic) of monitoring/monitored/sensing 
zones (target area). Laitta, [0016]-[0018], [0020], FIGS. 1-2; see 
also §VII.G.1.e (element 2[c][ii]). 
 
422. Therefore, it is my opinion that Laitta renders Claim 12 
obvious. 
 
            5. Claim 14 
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Laitta discloses or suggests claim 14, because Laitta’s processor 
generates the control response by controlling the operation of 
pool equipment (alert device)— visual alert 24, audio alert 26, 
and/or email alert 28—to produce an alert upon a detected 
occupancy or security status (characteristic) of 
monitoring/monitored/sensing zones (target area). Laitta [0016]-
[0018], [0020],  FIG. 2 (below); Janét, ¶423; §IV.G.2.b (2[a]) 
and §IV.G.4.d (12[c]). 
 
 
[image omitted] 
 
 
 
 
         6. Claim 15 
 
Laitta discloses or suggests claim 15. Janét, ¶¶425-427. 
 
Laitta discloses generating an alert as the control response. See 
§IV.G.5 (claim 14). Laitta also discloses that the alert is on a 
remote device, because it teaches an email alert “with attached 
images” and a telephone alert that “might call...phone numbers 
(cell phone...),” and provides “video monitor 32…to enable 
viewing of the image…from a location remote from the pool.” 
Laitta, [0018]-[0019], [0021], FIG. 2 (below); Janét, ¶426. 
 
[image omitted] 
 
 
 
 

4.  Claim 16 

423. It is my opinion that Laitta discloses or suggests Claim 14 
because Laitta’s processor generates the control response by 
controlling the operation of pool equipment (alert device)—
visual alert 24 (flashing light), audio alert 26 (horn/bell), and/or 
email alert 28—to produce an alert upon a detected occupancy 
or security status (characteristic) of 
monitoring/monitored/sensing zones (target area). Laitta [0016]–
[0018], [0020], FIG. 2; see also §VII.G.1.b (2[a]) and 
§VII.G.4.d (12[c]). 
 
[image omitted] 
 
424. Therefore, it is my opinion that Laitta renders Claim 14 
obvious. 
 
             6. Claim 15  
 
425. In my opinion, Laitta discloses or suggests Claim 15. 
 
426. Laitta discloses generating an alert as the control response. 
See §VII.G.5 (claim 14). Laitta also discloses that the alert is on 
a remote device because it teaches an email alert “with attached 
images selected from the images from the camera” and a 
telephone alert that “might call one or more phone numbers (cell 
phone, neighbor’s home, etc.),” and further provides “video 
monitor 32…to enable viewing of the image…from a location 
remote from the pool,” enabled by interface 36. Laitta, [0018]–
[0019], [0021], FIG. 2. 
 
427. Therefore, it is my opinion that Laitta renders Claim 15 
obvious. 
 
              7. Claim 16 
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Laitta discloses or suggests claim 16, because Laitta’s alert 
(control response) includes a telephone alert calling (wireless 
communicating) a “cell phone” (remote device). Laitta, [0018]; 
Janét, ¶428; §IV.G.4.d (12[c]). Laitta also discloses an email 
alert (control response) “with attached images,” sent via 
interface 36 “adapted to connect to a network,” which a POSITA 
would have understood or found obvious to be delivered 
wirelessly (cellular/Wi-Fi) to, e.g., a cellphone. Laitta, [0018], 
[0021]; Janét, ¶428. 

 
428. In my opinion, Laitta discloses or suggests Claim 16 
because Laitta’s alert (control response) includes a telephone 
alert calling (wireless communicating) a “cell phone” (remote 
device). Laitta, [0018]; see also §VII.G.4.d (element 12[c]). It is 
my opinion that Laitta also discloses an email alert (control 
response) “with attached images,” sent via interface 36 “adapted 
to connect to a network or other remote access technology,” 
which a POSITA would have understood or found obvious to be 
delivered wirelessly (cellular/Wi-Fi) to a remote device such as a 
cell phone. Laitta, [0018], [0021]. 
 
429. Therefore, it is my opinion that Laitta renders Claim 16 
obvious. 
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