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(57) ABSTRACT 

A system for monitoring and controlling an aquatic envi 
ronment thus regulating the aquatic environment and maxi 
miZing the stability of the aquatic ecosystem. This system 
uses sensor and data fusion algorithms to perform system 
anomaly analysis and predictive failure diagnostics based on 
the output of sensors associated With the aquatic environ 
ment control devices. Based on the system anomaly analysis 
and/or predictive failure diagnostics, the system may con 
tinuously adjust the system parameters to maintain an effi 
cient and stable aquatic environment, alert local or remote 
monitors of failed or impending failure of control devices. In 
addition, the system may present the system anomaly analy 
sis and predictive failure diagnostics information at a local 
or remote location to enable the monitor to address any 
problems presented in situ. 
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SYSTEM FOR MONITORING AND 
CONTROLLING AN AQUATIC ENVIRONMENT 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional application of US. 
patent application Ser. No. 11/014,279, ?led Dec. 16, 2004 
and issued, on May 22, 2007, as US. Pat. No. 7,222,047, 
and, like that application, also claims priority from US. 
Provisional Application Ser. No. 60/531,316 ?led Dec. 19, 
2003. Both prior applications are incorporated herein by 
reference. 

TECHNICAL FIELD 

[0002] The present invention relates to apparatus and 
systems for monitoring and controlling aquatic environ 
ments including analyZing and predicting an anomaly in an 
aquatic environment. 

BACKGROUND 

[0003] Aquariums or aqua systems have been maintained 
since antiquity. These aqua systems range from the profes 
sional and industrial types used in places like the NeW 
England Aquarium to mid-siZe ones in professional build 
ings, restaurants, pet shops or homes, to the small bookshelf 
ones in most children’s rooms. Generally, most aqua sys 
tems have tWo components: an enclosure housing the organ 
ism (s) or inhabitants of the aqua system and the machinery 
maintaining the enclosure environment. The enclosure can 
be simple or sophisticated With other built-in enclosures for 
coral beds and/or other ?ora and fauna. The machinery 
maintaining the enclosure environment, generally, includes 
components such as, a pump, a ?lter, a light source, and a 
timer to regulate the light. The machinery of sophisticated 
and automated aqua systems generally has more components 
such as chillers, heaters, secondary and internal pumps, ?sh 
feeders and Water replenishment devices, to maintain the 
aquatic environment. 

[0004] Some monitoring systems for aqua systems are 
knoWn in the art. Traditionally, such monitoring systems 
evaluate end parameters such as the Water temperature and 
pH of the aqua system. When in operation, such monitoring 
systems typically sound an alert When a stated end parameter 
exceeds a programmed threshold. Generally, in response to 
the alert, service personnel must quickly remedy the situa 
tion to prevent further deviation from the appropriate param 
eter threshold value. While such traditional monitoring 
systems are adequate for certain aqua system applications, 
monitoring, control and system analysis of intermediate 
control devices, coupled With prompt alert and response to 
the alert, can be dif?cult due to factors such as cost of 
sensors for intermediate control devices, location of the 
service personnel, response of the service personnel and the 
nature of the reported problem. 

[0005] Another shortcoming of such traditional systems is 
that it is often dif?cult to use real-time monitoring and 
dynamic control of the intermediate control devices because, 
outside a limited range of operating conditions, the inter 
mediate device itself may contribute to deviation in end 
parameters. For example, the traditional aqua systems usu 
ally use unmonitored or uncontrolled intermediate control 
devices. Because these control devices are integrated to 
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other control devices, and thus contribute to the monitored 
end parameters, there is a need to monitor these intermediate 
control devices to better detect impending deviations of the 
end parameter. Furthermore, since the intermediate control 
devices are usually integrated, there is the need to monitor 
and control them, thus an isolated failure of an individual 
intermediate control device should not be alloWed to cascade 
throughout the aquatic environment With probable conse 
quences to the overall aquatic ecosystem. Monitoring the 
intermediate control devices may produces outputs that may 
be used in other system-Wide applications and analysis. 

[0006] Lastly, many traditional monitoring systems, such 
as those described above, are constrained to simple aqua 
systems maintenance tasks such as monitoring the Water 
temperature and pH. Such traditional systems are not Well 
suited for monitoring and controlling sophisticated and 
automated systems that require extensive system analysis, 
system anomaly analysis, and predictive failure diagnostics. 
Examples of extensive system anomaly analysis include but 
may not be limited to complex tasks such as automatic Water 
replenishment, Water circulation, and detection of opacity in 
reduction of the vieWing glass or plastic. Examples of 
predictive failure diagnostics include monitoring and con 
trolling early Waming detection systems, measuring ?oW 
rates from system drain valves, alerting the oWners to 
possible failures before such failures are detrimental to the 
aqua system and sending real-time recorded acoustic pro?le 
of the aquatic environment to a remote monitoring terminal 
to diagnose a potential problem. 

[0007] While the traditional monitoring and controlling 
systems for aqua systems represent, in some instances, 
useful tools in this ?eld, there remains a need in the art to: 
(1) provide cost effective, improved extensive system moni 
toring and controlling capabilities; (2) provide improved 
system monitoring and alert systems by monitoring the 
intermediate control devices for likely failures; (3) provide 
for continuously adjusting system parameters to compensate 
for the dynamic aquatic environment conditions based on 
the system analysis; (4) provide predictive failure diagnos 
tics to alert users of possible failures before such failures 
occur; and (5) provide for continuously adjusting system 
parameters to compensate for the dynamic aquatic environ 
ment conditions based on the predictive failure diagnostics. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, the present invention is directed to a 
real-time dynamic monitoring and control system for aquatic 
environments to substantially obviate one or more problems 
due to shortcomings of the traditional systems. Certain 
embodiments of this invention provide improved and exten 
sive system anomaly analysis and predictive failure diag 
nostics coupled With remote monitoring and improved alert 
capabilities to regulate the aquatic environment and thus 
maximiZe the ecosystem stability. 

[0009] The system and/or predictive failure analysis incor 
porated in certain embodiments uses data and/or sensor 
fusion technologies or algorithms to perform many functions 
including but not limited to monitoring, diagnosis, valida 
tion, veri?cation, correction and adjustment of individual or 
collective control devices or parameters, to regulate the 
aquatic environment and thus maximiZe the ecosystem sta 
bility. 
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[0010] The system includes a plurality of sensors. Each of 
the sensors may measure a respective parameter of the 
aquatic environment or an associated control device, and 
produce a sensor output related to its measured parameter. 
The system also includes a processor (controller) that 
receives the sensor outputs and processes the data. When 
processing the data, the processor may use data or sensor 
fusion algorithms, to determine the status of the control 
device and/or the overall state of the aquatic environment, 
based on the sets of relationship betWeen the measured 
parameters and the reference parameters. 

[0011] Certain embodiments of the system may use the 
sensor data or output to perform real-time system analysis. 
In addition, the system may use the data to perform system 
anomaly analysis and predictive failure diagnostics. 

[0012] Other embodiments of the invention include the 
system With associated sensors for system anomaly analysis 
and predictive failure diagnostics (i.e., controller) and the 
necessary control box for the requisite plumbing connec 
tions packaged together in a platform setting. This platform 
can be operably linked to any aqua system enclosure to form 
an aqua system. In other Words, a user can connect the 
platform to an aqua system enclosure to attain the advan 
tages of the present invention. Analogous to a personal 
computer platform, a user With the platform embodiment of 
this invention can connect other peripherals to the aqua 
system package. The platform embodiment of the invention 
may have additional modular spaces in the controller Where 
the user can connect the sensor for the desired peripheral. 
Once connected to the platform, the peripheral can be 
monitored and controlled by the present invention, and thus 
attain the advantages of the invention Examples of periph 
erals that can be connected to the platform embodiment 
include a ?sh feeder, and/or a Water replenishment package. 

[0013] Other embodiments of the invention include 
improved and extensive, precise measurement and recorda 
tion of all relevant sensor data, real-time system anomaly 
analysis of recorded data, ef?cient adjustments of system 
parameters to compensate for any likely environment 
anomaly and predictive failure diagnostics based on the 
system anomaly analysis. Other embodiments of the inven 
tion also include efficient adjustment of the environment 
parameters to compensate for the dynamic aquatic environ 
ment conditions, presentation of system status and perfor 
mance information at a local or a remote location, enabling 
remote monitoring of the aquatic environment for ef?cient 
service and maintenance and improved alert capabilities. 

[0014] In accordance With one embodiment of the inven 
tion the system provides improved and extensive, precise 
measurements and recordation of all relevant sensor output 
for real-time system anomaly analysis. The system analysis 
may include individual or collective performance of the 
component parts or machinery, such as the pumps, ?lters, 
using parameters such as current, vibration or acoustic data. 
Based on this real-time analysis of the integrated aqua 
system components, the system can evaluate the data for 
likely environment anomaly. 

[0015] In yet another embodiment of the invention, the 
system provides predictive failure diagnostics based on the 
system anomaly analysis. The predictive failure diagnostics 
capability of the system may use the information from the 
real-time system anomaly analysis to predict What compo 
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nents might fail and prepare to adjust the aquatic environ 
ment component(s) accordingly to compensate for the 
impending failure. 

[0016] In accordance With further embodiments of the 
invention, the system provides ef?cient adjustment of envi 
ronment parameters to compensate for the dynamic condi 
tions of the aquatic environment. Based on the improved and 
extensive measurements of the sensor data for the system 
analysis, the invention may adjust the individual aqua sys 
tem components to maintain an energy ef?cient environ 
ment. 

[0017] In yet another embodiment of the invention, the 
system may e?iciently adjust the aqua system parameters to 
compensate for any likely system anomaly based on the 
real-time system anomaly analysis and the predictive failure 
diagnostics. Such novel preventive measures enable the 
system to be ready to adjust and quickly adjust, in the event 
of a likely failure of the potential control device, to maintain 
an e?icient and cost effective aquatic environment. 

[0018] In accordance With yet another embodiment of the 
invention, the monitoring and control system presents infor 
mation on the aquatic environment’s status and performance 
at a local or a remote location. This information may be 
presented in user-friendly format. In a speci?c embodiment, 
the capability to present information status and performance 
information graphically enables users or service personnel to 
create and manage schedules for routine maintenance. Such 
novel presentation of status or performance information, 
coupled With the user’s experience, may also enable the 
users to predict unusual events or problems that may occur 
in the aquatic environment. 

[0019] In accordance With yet another embodiment of the 
invention, the monitoring and control system may provide 
system analysis, predictive failure diagnostics and deliver 
predictive information on What mechanical components in 
the aquatic environment are likely to fail. Additionally, the 
invention may predict When the mechanical component is 
likely to fail. This predictive capability enables service 
personnel to be on notice for Which component is likely to 
fail and to take corrective steps to prevent a detrimental 
result. Furthermore, because these aqua systems are on 
service contracts With routine maintenance schedules, the 
system’s predictive ability to forecast unusual system 
events, such as events not covered by the scheduled main 
tenance, can be bene?cial to the service contractors. 

[0020] Other features and advantages of the present inven 
tion Will become apparent to one of skill in the art upon 
revieW of the folloWing draWings and the detailed descrip 
tion of the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The present invention, as de?ned in the claims, can 
be better understood With reference to the folloWing draW 
ings. The draWings are not necessarily to scale, emphasis 
instead being placed on clearly illustrating principles of the 
present invention. 

[0022] FIG. 1 is an overvieW of an embodiment of the 
system With the platform including the controller and the 
sensors; 

[0023] FIG. 2 also shoWs an aquarium With the system 
anomaly analysis and predictive failure diagnostics and the 
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remote monitoring capability wherein the system can analy 
sis for adjusting conditions for ef?cient control of param 
eters based on different system analysis; 

[0024] FIG. 2A shoWs an embodiment Where the system 
using other sensors, such a temperature sensor instead of a 
How rate sensor, to determine a non-corresponding param 
eter such a circulation; 

[0025] FIG. 3 shoWs an example of a Performance Curve 
that may be used in a predictive failure diagnostics; 

[0026] FIG. 4 shoWs the platform embodiment of the 
system With the processor and modules for adding periph 
erals; 
[0027] FIG. 5 shoWs an aquarium With a sump tank; 

[0028] FIG. 6 is the graphical representation for the nomi 
nal tank and sump temperature pro?les for an aqua system; 

[0029] FIG. 7 is the graphical representation of the tank 
and sump temperatures during a potential chiller anomaly; 

[0030] FIG. 8 is another graphical representation of the 
tank and sump temperatures during a potential anomaly; and 

[0031] FIG. 9 is another graphical representation of the 
tank and sump temperatures during a potential anomaly. 

DETAILED DESCRIPTION 

[0032] De?nitions. As used in this description and the 
accompanying claims, the following terms shall have the 
meanings indicated, unless the context otherWise requires: 

[0033] “Aqua system” or “aquatic environment” or 
“aquatic ecosystem”, terms used interchangeably in this 
disclosure, refer to the complex of a community of aquatic 
organisms and its environment functioning as an ecological 
unit. The term may include, but is not limited to, a container 
(such as a glass tank) in Which aquatic collections of living 
organisms are kept and/or exhibited. 

[0034] The term “sensor fusion technology” as used herein 
refers to methods, algorithms, information fusion, and/or 
system architectures, by Which data are combined from 
diverse sensors or devices to improve the probability of 
correct detection, classi?cation, identi?cation, decision 
making, information, and tracking. The term also includes 
data fusion, adaptive, heuristics and multi-sensor sensor 
technologies. 

[0035] Also, in the folloWing description the term “per 
forming” may include activating, deploying, initiating, poW 
ering, and other terms knoWn in the art that may describe the 
manner in Which the system including the processor, uses the 
sensor fusion technology or algorithms to produce one or 
more outputs. 

[0036] With reference noW to the ?gures Wherein like 
reference numbers numerals designate corresponding parts 
throughout the several vieWs, FIG. 1 illustrates an embodi 
ment of the invention in the exemplary application for aqua 
systems. Although, the invention is described speci?cally in 
the context of dynamic monitoring and real-time control of 
aquatic environments, the invention is not limited to such 
applications. Those skilled in the art Will appreciate that the 
present invention may have application to the monitoring 
and controlling of any automated and sophisticated aquatic 
environment. 
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[0037] FIG. 1 speci?cally shoWs an aqua system 10 With 
the processor 60 in accordance With the present invention. In 
this example, aqua system 10 can be divided into the 
enclosure 12 and the machinery 14. The machinery includes 
the plumbing and other related mechanical components or 
active components to provide and maintain the aquatic 
environment for the organisms in the enclosure. The 
mechanical or active components, such as the chillers, 
heaters, pumps, sensors, and control devices of the system, 
are elements that elements that effect at least a change in the 
aquatic environment. The mechanical or active components 
or control devices 40-55 may have sensors 401-551. Other 
parameters of the aquatic environment, that are not con 
trolled by control devices, may also have sensors 561-591. 
A “parameter” of the aqua system 10 or control device 41 as 
used here includes any characteristic of the aqua system 10 
or control device 41 that can be measured, recorded, 
detected or derived by calculation or other technique. More 
particularly, a measured, recorded or detected parameter 
includes any characteristic of the aqua system 10 or control 
device 41 (such as, acoustics, temperature, pressure, vibra 
tion, pH of the Water, etc.). These parameters are examples 
and are not intended to be exclusive or limiting in any sense. 

[0038] An aqua system sensor can be external or internal. 
An internal sensor 411 is a sensor directed or indirectly 
attached to a control device 41 or in the aquatic environment 
10 to measure a parameter. Such an internal sensor includes 

a sensor, like a Water temperature sensor 541, to determine 
the nature of the aquatic environment. An external sensor is 
a sensor proximate to but not in the aquatic environment. 
Such an external sensor is a sensor 561 to determine the 

nature of the surrounding environment, for example, the 
temperature of the area surrounding the aqua system. The 
sensor for the temperature of the room surrounding the 
aquarium is an example of an external sensor. Examples of 
sensors that may be employed in the system comprise 
sensors for measuring temperature, ?oW, acoustic, visual 
(including optical or motion), chemical properties, vibration, 
biological properties (such as biochips, pathogen detection), 
and pressure sensors. The above list of sensors is not met to 
be limiting. 

[0039] A sensor 411, 561 produces data or at least an 
output that can be sent to the processor 60. The sensor 411, 
561 may also receive an input or data from the processor 60 
or the associated control devices. Sensor output or processor 
input and/ or output may be telemetered by a communication 
means such as by hardWire 91 or by Wireless means 92. For 
Wireless means, the communicating devices may use RF 
frequencies, optical frequencies, IR frequencies, ultrasonic 
frequencies, magnetic effects, Bluetooth®, or the like, to 
communicate. When using a Wireless means to transfer data, 
the communicating devices, in this instance the processor 60 
and the sensor 411, 561 may use at least a unique identi? 
cation code to substantially avoid interference from other 
electronic devices. 

[0040] Typically, the processor 60 processes the sensor 
data. When processing the data, the processor may use data 
or sensor fusion technologies, to determine the status of the 
control device(s) 41 and/or the overall nature of the aquatic 
environment 10, based on the sets of relationship betWeen 
the measured parameters and the reference parameters. In 
other Words, the processor may use data or output, such as 
the sensor output or external output, to control at least an 
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active component of the aquatic environment. Reference 
parameter refers to a measurement by the system during a 
period When the system determines that the environment is 
Working correctly. Based on its analysis, the processor 60 
may send an output to a sensor 411 to dynamically control 
the aqua system control devices 40-55 or a speci?c control 
device 42. Furthermore, the system can dynamically adjust 
conditions for the ef?cient control of the aquatic environ 
ment parameters based on the system analysis. 

System Anomaly Analysis 

[0041] In another embodiment, as shoWn in FIG. 2, the 
system may perform a system anomaly analysis based on the 
data or output from a sensor 411, 561. For a system anomaly 
analysis, the processor 60 may use data or sensor fusion 
technologies, to determine the status of the control device(s) 
40-55 and/or the overall nature of the aquatic environment 
10, based on the sets of relationship betWeen the measured 
parameters and the reference parameters. In other Words, the 
processor may use data or output, such as the sensor output 
or external output, to control at least an active component of 
the aquatic environment. In an embodiment, a reference 
parameter may be a threshold parameter. In this embodi 
ment, the system may send an alert if the system determines 
a deviation from a reference threshold parameter. If the 
system does not receive an output from a control device 
sensor, the system may use redundant, backup or other 
sensors, to determine Whether the control device has failed 
or otherWise (See Example 2, infra, illustrating a cost 
effective method of performing the system anomaly analy 
sis, Where the system could use a comparatively inexpensive 
temperature sensors instead of How rate sensors 442, to 
determine deviations in Water circulation in the aquatic 
environment). If the system determines that a control device 
or devices have failed, the system may send output to other 
control devices to compensate for the failed control device. 
In other Words, the system may dynamically adjust condi 
tions for the ef?cient control of parameters based on the 
system anomaly analysis. In addition, the system may send 
a signal or output to the local 70 or remote 80 monitoring 
station to alert it about the condition of the aquatic envi 
ronment. The remote or local monitoring station may send 
back commands or outputs to regulate the aquatic environ 
ment and thus maximize the ecosystem stability and/or alert 
personal to address the alert. In other embodiments, the 
system may send a signal to service personnel to schedule 
maintenance or repairs for the failing or failed device. A 
local location refers to the immediate vicinity or area 
surrounding the aquatic environment. For example, if an 
aquarium is in a building, the local location may be the 
building With the aquatic environment. Comparatively, the 
remote location refers to any area or vicinity not part of the 
local location. In the above example, a remote location may 
be the off-site location of the aquarium servicing entity, 
Which may be contracted to service the aquarium. 

EXAMPLE 1 

Monitoring the Chiller 

[0042] In one example, sensors on the chiller and the 
chiller motor enable the system to monitor the performance 
of the chiller. Here the sensors can monitor parameters of the 
chiller, such as, the chiller operating temperature, the tem 
perature of the chiller coil, the current used by the chiller, the 
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vibration of the chiller, and the How rate of Water coming out 
of the chiller pump. If the system using the sensor fusion 
technology, detects a failure or an impending failure based 
on a comparison of the recorded parameter With the refer 
ence and/or threshold parameter, the system can send an 
alert and take measures to minimize the aqua system tem 
perature changes. Such measures may include regulating the 
lights to reduce the addition of heat While Waiting for repair 
or maintenance. The monitoring scheme described above, 
although speci?cally described in relation to a chiller, is not 
limited to the chiller. Aperson of ordinary skill in the art Will 
recogniZe that the monitoring scheme may be applicable to 
other components in the aquatic environment. The monitor 
ing scheme may help monitor components such as, heater, 
pumps, ?lters, drain valves, as Well as facilitate relatively 
complex procedures such as, detect the reduction of the 
opacity of the aqua system enclosure or reduction in the 
Water quality. 

Predictive Failure Diagnostics 

[0043] In other embodiments, the system can also perform 
a predictive failure diagnostic based on the data from the 
sensors 401-591. For a predictive failure diagnostic, the 
processor 60 uses data or sensor fusion technologies to 
determine the status of the control device 40-55 and/or the 
overall nature of the aquatic environment 10, based on the 
sets of relationship betWeen the measured parameters and 
the reference parameters. In other Words, the processor may 
use data or output, such as the sensor output or external 
output, to control at least an active component of the aquatic 
environment. The processor 60 may compare the data for a 
control device 411 over a speci?ed reference period to 
determine the overall performance of the control device 411. 
Using other sensor and/or data fusion algorithms, the pro 
cessor may quantify deviations of the control device from its 
previous performance. One Way of depicting and quantify 
ing deviations is through a performance plot. In such an 
embodiment, the system plots a performance curve for the 
control device and it records any deviation from the optimal 
point. Depending on the magnitude of the deviation, the 
system determines the performance state of the control 
device. 

[0044] FIG. 3 is an example of a simple performance plot 
for a control device illustrating a performance deviation. 
Here the system may compute the pro?le for at least a 
system control device or component such as the heater. In 
this example the system may compare the heater pro?le to 
the chiller pro?le. Points A and B are points Where the 
pro?les of both components normally intersect. Comparing 
pro?les over different cycles, the system may determine 
Whether the performance of a control device is deviant if the 
recorded intersections points for the control devices, A' and 
B' differ from the reference points A and B. In this example, 
the system may determine Whether the control device’s 
performance is optimal or nominal. Based on the speci?ed 
threshold limits, the processor may send an output to the 
speci?c control device 41 via the associated sensor 411, to 
perform certain actions and thus dynamically compensate 
for the difference in performance or impending failure of the 
control device. In addition, the processor may send a signal 
to the local 70 or remote 80 monitoring location about the 
deviation in performance or impending control device fail 
ure as shoWn in FIG. 2. The monitoring personnel can then 
react accordingly or as described herein. Furthermore, the 
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processor can dynamically adjust other related control 
devices to compensate for the impending failure of a control 
device. For example, based on the system analysis, if the 
system determines that a chiller’s performance is marginal, 
the processor 60 may send a signal to the light sensor 511 to 
turn doWn the aqua system lights 51, thus, reduce the 
immediate temperature rise, in the event of a chiller failure. 
In sum, the system can dynamically adjust conditions for the 
ef?cient control of the aquatic environment parameters 
based on the predictive failure diagnostics. 

EXAMPLE 2 

A Cost Effective Method of Using Temperature 
Sensors, Instead of FloW Rate Sensors, to Assess 

the Circulation in an Aquatic Environment 

[0045] In this example, as illustrated in FIG. 2, a semi 
industrial siZe aquarium 10 has a sophisticated aquarium 
control system. The control system uses a variety of sensors 
and actuators connected to a centraliZed or computer control 
system such as processor 60 to regulate the aquatic envi 
ronment (heat, cooling, lighting, etc.) in a Way that seeks to 
maximize ecosystem stability. Aprimary failure mode of the 
ecosystem is loss of Water circulation through a chiller 
resulting in a rise in the temperature of the aquarium. The 
loss can be catastrophic, as in a pump motor failure, or can 
be gradual as in the sloW clogging on an inline ?lter. In either 
case, When the lack of circulation reaches a critical state, it 
can be detected through a rise in the aquarium Water 
temperature. Here, the control system may use a How rate 
sensor 413 to detect both reductions in circulation and total 
loss of circulation. 

[0046] Alternatively, in a system Without ?oW rate sen 
sors, as shoWn in FIG. 2A, the system may use at least tWo 
temperature sensors, the chiller temperature sensor 431 and 
the enclosure temperature sensor (tank temperature sensor) 
541, to provide an improved means to detect reduction or 
loss of circulation. In this embodiment, the processor can 
analyZe the output of the different aquarium temperatures in 
the period When the chiller is turned on and/or off. The 
control system compares the pro?le of the temperature 
changes during these periods at various points in the opera 
tion of the aquarium With reference pro?les generated When 
the aquarium is knoWn to be operating correctly. If the 
chiller is failing, and thus not chilling the Water before 
circulation, the chiller sensor 421 or a temperature sensor 
431 immediately doWnstream from the chiller, may have a 
different pro?le than the enclosure temperature sensor 541. 
The enclosure temperature sensor may also have a different 
pro?le because if the chiller pump is failing, the chilled 
Water may not be reaching the enclosure. Furthermore, the 
enclosure lights may be contributing to the temperature 
increase of the enclosure Water. In this instance, a deviation 
from a reference pro?le or changes in the temperature 
pro?les may indicate an increased temperature gradient. A 
sloW propagation of temperature changes around the system 
may also indicate changes. The system may monitor and 
analyZe such pro?le deviation to detect reductions in circu 
lation or the rate of circulation. This analysis may lead to the 
conclusion that the chiller or the chiller pump is failing and 
chilled Water may not be reaching the enclosure at the 
nominal rate. Depending on the decided result, the system 
may take appropriate corrective and adaptive steps to sta 
biliZe the aquatic ecosystem. 
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[0047] In the above example, the system improves on the 
traditional systems in at least three instances: 1). LoWering 
costs by using existing temperature sensors in the system 
thus eliminating the need for a costly ?oW rate sensor; 2). 
Detecting likely system problems such as the failing chiller; 
and 3). Providing predictive failure analysis of the circula 
tion and cooling systems. 

Platform Embodiment 

[0048] FIG. 4 illustrates an aqua system 10 With the 
invention in the platform embodiment. In this example, the 
invention is packaged With the necessary plumbing or 
machinery in the platform setting. This embodiment is 
similar to the other embodiments With the control system, 
except, to accommodate the versatility of the system a 
platform hub box 65 is connected to the processor 60. The 
platform hub box 65 may be a box With built-in sensor 
modules (With integrated sensors) or receptacles 651 for the 
sensors that could be part of an aquatic environment 10. The 
platform hub box 65 may also include the active compo 
nents, such as the sensors, valves, control devices, and the 
core plumbing or machinery required to maintain an aquatic 
environment. In another embodiment, speci?c control 
devices such as the pumps, ?lters and the aquatic system 
enclosure can be coupled to the platform hub box. In this 
embodiment, the user may connect the aquarium plumbing 
or machinery to the platform hub box 65. Plumbing or 
machinery in this instance refers to items such as, pipes, 
pumps, heaters, lights, and other components that are 
required to operate and maintain the aquatic environment. 
For example, if a user has a basic aquarium the user can 
connect her aquarium machinery, such as, the chiller pump, 
heater, main pump, and Water valve to the corresponding 
sensor modules or receptacle 651-659 on the platform hub 
box 65. When in operation, a processor 60 linked to the 
platform hub box 65 can process the data or output from the 
coupled sensors or external output, to control at least an 
active component of the aquatic environment. In another 
example, a user With a more sophisticated and automated 
aquarium may connect other active components such as, a 
Water replenishment system and a ?sh feeder, in addition to 
the other core machinery required to operate an aquarium to 
the platform hub box 65. Similarly, the processor can 
determine the coupled active components or control devices 
and process the sensor data accordingly, to attain the numer 
ous advantages of the invention. 

[0049] In an aquarium embodiment With a Water replen 
ishment system module connected to the platform hub box, 
the system may automatically replenish the Water periodi 
cally or as desired in the aquatic environment. In this 
embodiment, the system and processor may monitor and 
control the valves, ?lters and How rate sensors or associated 
sensors to periodically remove some Water from the 
aquarium and replace it With fresh ?ltered Water. 

[0050] In an embodiment of the invention, the receptacles 
on the platform hub box may have corresponding modules 
on the processor for operably linking the hub box to the 
processor. The processor may have additional modules to 
accommodate additional receptacles. The processor and the 
hub box may be operably linked by a communications 
means such as a hardWire link or a Wireless means. 

[0051] Furthermore, the processor 60 has a means for 
connecting the aquarium to a local 70 or remote 80 monitor 








