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Abstract — A version of an aquarium controller, the Aquarium Lighting and Resource Monitor provides several typical functions of aquarium controllers along with various other functions that are unique to this project. This project controls and monitors the pH and temperature of a saltwater aquarium, along with monitoring the power usage of several aquarium accessories. In addition, this project provides a custom LED lighting system that is completely powered by a self-built PV panel under ideal conditions. The true uniqueness of the A.L.A.R.M from other aquarium controllers is the user interface that will be provided at the aquarium and through an online website.

Index Terms  —  Current Measurement ,  Driver Circuits, Light emitting diodes, Microcontrollers, MOSFET Circuits,  Network Servers, Relays
I. Introduction
Saltwater aquariums are one of the most popular hobbies worldwide. A large portion of these aquariums have little to no automatic water quality monitoring and use antiquated and inefficient lighting systems. The mechanical operations of saltwater aquariums can lead to large amounts of power usage, which usually goes unmonitored and uncontrolled.
The ALARM’s aim is to provide improvements to the problems stated above. The information and functions provided to the user from the ALARM system will be critical in helping the user become aware of the ways power can be conserved, while also helping maintain the health of their aquarium. The parameters that the ALARM monitors and controls are: power usage of power heads, pumps, heaters, and one auxiliary component; temperature; and pH. These parameters are continuously monitored and presented as graphs to the user through an online web interface. It is anticipated that through these graphs the user will be better able to make conscious decisions about ways in which they can better preserve power.
Another key feature of the website is the ability of the user to control the lighting system that the ALARM provides. The lighting system of an aquarium typically requires the most power; therefore, the ability to remotely control the lighting system will save a considerable amount of energy and effort. Additionally, not only is power saved through the controllability properties, but also through the use of a PV panel which completely powers the lighting system under ideal conditions. The custom lighting system uses LEDs instead of other high-power consumption bulbs.
Finally, the ALARM incorporates a system of alerts through a front panel display and by text or email. These alerts inform the user of hazardous high temperature, out of range pH, high power consumption and water leak conditions. These alerts are critical in providing the interface needed to effectively assist the user in limiting power consumption and providing a high quality aquarium for the inhabitants. 

II. System Components
A. Microcontroller
 The ALARM system uses two microcontrollers, the ATTiny85 and the Arduino Mega 2560. The Arduino Mega controls the main functions of the system while the ATTIny controls the power switching and fan regulating functions. There is no communication link between the two microcontrollers as they are independent systems.  
B. Sensors
The ALARM system uses many different sensors to gather information about the health of the aquarium and the powering being consumed. The power is being sensed by four Hall Effect sensors. The aquarium water temperature is measured by three thermistors. The pH of the aquarium water is being measured by a Pinpoint pH probe. Finally the temperature of the LED heat sink is being measured by a DS18S20 thermometer.
C. Relays and Measurement 
Small-scale saltwater aquariums have 4 main components: 2 power heads, 1 filter, and 1 heater. A power strip is used to power the aforementioned components as well as 2 auxiliary components. The A.L.A.R.M. has a printed circuit board that is housed inside the 6-receptacle power strip unit. This PCB utilizes relays to control the receptacles and current sensors to measure the power. The user has complete remote control of their aquarium with this configuration.
D. LED lighting system
The lighting system of the ALARM will use LEDs instead of incandescent bulbs or metal halides. One string of LEDs will consist of six CREE XM-L Cool White LEDs driven at 1.5A and the other string of LEDs will consist of six CREE XP-E Royal Blue LEDs driven at 800mA. Both strings will be driven by two separate LM3401 drivers which will allow the user to control both strings separately. 
E. PV panel
The LED lighting system will be completely powered by a self-built PV panel under ideal conditions. The combined forward voltage of the 6 CREE XM-L LEDs is 19.8V and the combined forward voltage of the 6 CREE XP-E Royal Blue LEDs is 21V; therefore, the PV panel max output is 30V at 3.3A. 30V at 3A will provide sufficient power to the LM3401 to power both string of LEDs which will be connected in parallel to the PV panel.
F. Power Switching 
When the PV panel cannot provide at least 21V to the LED drivers, a 24V 2.5A AC to DC converter will provide the necessary power through the grid. This switch will occur through a MOSFET circuit and an ATTINY85. The ATTINY85 is an 8 pin microcontroller that will sense the voltage of the PV panel and produce an output signal that will turn the 24V AC to DC converter off or on through two NPN MOSFETs.
G. Web Server
The ALARM system uses a Debian server to run Apache, which runs the main web interface, along with the MySQL DBMS which contains all of the data for the users and sensor information. The webserver will host all of the scripts which will run each time a user views their data history. The webservers sends alerts to the user when a problem arises. 
H. Physical Interface 
To view the current conditions of the aquarium being monitored an enclosure equipped with an LCD and push buttons will be mounted onto the front of the tank. In addition, the microcontroller is concealed inside this compartment. The LCD displays the current temperature, pH, and any hazards in that have been predetermined. Such hazards are a temperature or pH threshold exceeding their set values. The enclosure has 2 push buttons. One button controls the status of the power heads. The other controls the current setting of the lighting system.
III. Hardware Detail
A. Overall Hardware Diagram
Fig.1 shows the overall hardware block diagram of the ALARM. As shown the Arduino Mega and the ATTiny85 operate as two independent systems. The details of each component are further explained in the sub- sections that follow.
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Fig.1
Overall hardware block diagram of the ALARM
B. Microcontroller and Networking

The main processing component of the alarm system is the Arduino Mega 2560 microcontroller. The microcontroller will interface with the temperature and pH sensors located inside an aquarium, the relays and Hall Effect sensors located in the control board and the LCD and input buttons on the front display compartment. It will also have an interface to an Ethernet connectivity board which will allow for two way communication to a web server. It gathers information from the web interface which allows the microcontroller to control the lighting system and each relay individually. The microcontroller is programmed in the Arduino language which is based on C.
C.  Sensors
There are four different types of sensors in the ALARM system.  These sensors are used to track the quality of the aquarium and warn the owner of any problems the aquarium might occur. The microcontroller will get input from current sensors periodically to keep track of power usage by the system.  The ALARM system uses the Honeywell CSLA2CD Hall-Effect Sensor which measures the current with a through hole design.  It can measure up to 72A and has a 3 micro second response time.
There will be two types of temperature sensors used in the ALARM system.  The first type of sensors are three waterproof thermistor probes which are used to measure the water temperature.  The thermistor senses the temperature by changing its resistance to reflect the water temperature.  The microcontroller will convert the voltage received as an input signal into the actual temperature.  The other type of temperature sensor is the DS18S20.  This temperature sensor is located on the heat sink and allows for controllability of a cooling fan.  The DS18S20 can measure from -55C to +125C with and accuracy of 0.5C. 

The leak detection sensor is a two wire lead coming from the microcontroller.  One wire is connected to a 5V output and the other from an input to the microcontroller.  This wire will go around the bottom of the aquarium.  The circuit will be completed when water conducts a signal between the two wires.
The pH will be measured to track the quality of the water in the aquarium.  An American Marine Pinpoint pH probe is used to measure pH.  This is interfaced with the Phidgets 1130 pH/ORP adapter.  The input resolution for the adapter is 1pH/54.4 Sensor Value.  The typical error is +/- 0.02 pH.

D.  Relays and Measurement
The relay and measurement PCB controls and monitors the external components utilized by an aquarium. The A.L.A.R.M.’s power strip contains 6 outlets. Small saltwater aquariums, around 15 gallons, use 4 main components: 2 power heads, 1 filter, and 1 heater. This allows for 2 auxiliary components at the users choice. 

The outlets are relayed controlled using the Omron G5LE-1 relay. This relay can handle the switching loads of 277VAC and 10A, which is more than enough to handle loads encountered with aquarium apparatus. The control side of the relay is commanded by the microcontroller’s digital output, a typical 5VDC. Each relay draws a current of 74mA, which cannot be supplied by the microcontroller. Therefore the ULN2803A relay driver is utilized to supply the current draw of all the relays.

In total, there are 5 relays mounted in the A.L.A.R.M power strip. Since there are generally 2 power heads for a small aquarium, they are controlled by the same relay. Therefore, they are not controlled independently. It is not beneficial to have one power head on and not the other. Every other component in the power strip is relay controlled independently. Most of the components for aquariums aside from the lighting are on a majority of the day and night; therefore the relays are wired to be normally off. This way there is not current drawn during normal operation.
The PCB placed in the power strip also contains 4 current sensors. The sensors are hall-effect sensors; therefore they can measure the current without interfering with the circuit. Similar to the relays, the power heads utilize the same current sensor. Due to the expense of the current sensors one of the auxiliary plugs does not have the capabilities to have its current measured. The sensors are powered by 8V and draws 20mA of current. A voltage is created based on the current then the voltage is divided and sent to the microcontroller. The zero-current voltage is set to be 1.23V.

The PCB schematic, as shown below in Figure 2, has a total of 9 input/output pins as well as a 5V, 12V, and ground pin going to the microcontroller. For organization there is a DB-15 connector that is connected to the microcontroller.
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Fig.2
Relay and current sensor schematic
E.  LED Lighting System
The ALARM system utilizes high power CREE LEDs for their high lumen output and spectral range. The white string of CREE LEDs consists of 6 CREE XM-L 8300K Cool White LEDs. These LEDs have a minimum lumen flux output of 280 lumens at 700mA. The blue string of CREE LEDs consists of 6 CREE XP-E Royal Blue LEDs that have a spectral range of 450-465 nm. These LEDs have minimum lumen flux of 39.8 lumens at 350 mA.
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Fig.3
Blue string LM3401 LED driver schematic

The ALARM system utilizes two LM3401 drivers to maintain a constant current supplied to these two stings of LEDs. The circuitry of the LED drivers is shown below in Fig. 3 and Fig.4. 

The LM3401 uses a comparator-based voltage mode control to directly control switching. The LED currents are controlled by monitoring peak and valley voltages at the SNS pin[1]. When the SNS voltage falls below the reference voltage the output of an internal comparator goes low, which results in the driver output HG turning on the PFETs, QWHITE and QBLUE. When the PFETs are on the LED ramps up through the PFETs and the inductors L1 and L2. As the current increases, the SNS voltage reaches its upper threshold, which forces an internal comparator to go high and turn the PFETs off. 
When the PFETs are off the current flows through the catch diodes D1 and D2, and the current through the LED and inductors decrease until the SNS voltage falls to its lower threshold. From here the cycle repeats to provide a steady current to the LEDs. When the DIM pins are low the HG drives turn off, which makes the PFET turn off. Therefore, these pins are connected to two PWM signals from the microcontroller that is used to adjust the duty cycle of each string of LEDs. As noted earlier, there are two different PWM signals applied to each driver so that each string can be dimmed separately.
The LED current for each string of LEDs is set using sense resistors R1-B and R1-W. This sense resistor was calculated using the following equation.
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, where VSNS is typically 200mV, ILED for the blue string is 800mA and ILED for the white string is 1.5A. These drive 
Fig.4 
White string LM3401 LED driver schematic
currents were chosen to preserve the lifetime of the LEDs. At 800 mA the forward voltage of a single CREE XP-E Royal Blue LED is 3.5V. Therefore, the entire string of 6 blue LEDs requires a forward voltage of 21V and because they are tied in series with each other the whole string shares the 800 mA. At 1.5A the forward voltage of a single CREE XM-L Cool White LED is 3.3V. Therefore, the entire string of 6 white LEDs requires a forward voltage of 19.8V and because they are tied in series with each other the whole string shares the 1.5A.
The maximum window of the SNS pin is calculated using the following equation
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, where ILED-MAX is 1A for the blue string and 1.5A for the white string.
With the max SNS known it was then set using resistors R2-B and R2-W. The value of R2 was calculated with the following equation
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,where 20uA is typically HYS source current.
Finally, from here R3-W and R3-B were calculated to keep the current supplied to the each string of LEDs from going over their maximum ratings. These resistances were calculated using the following equation.
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, where ILIM-PK is equal to 1A for the blue string and 1.5A for the white string and RDS is equal to .075 ohms for both PFETs QBLUE and QWHITE,
For the LED drivers to provide these constant voltages they must be supplied a minimum voltage of the largest forward voltage required between the two strings, which is the blue string of LEDs. Therefore, the minimum voltage required is 21V. The two LED drivers are in parallel with each other; therefore, between the PV panel and AC to DC power supply at least 21V and at least 2.3A is needed to successfully power the LEDs. 
Finally, the LEDs are mounted onto a 10” by 10” extruded fin heat sink. The temperature of the heat sink is polled by a DSP18S20 thermometer and sent to the ATTINY-85. The ATTINY-85 produces a PWM signal based on this temperature that controls a 120mm cooling fan.
F. PV Panel and Power Switching
The power for the LED system will come from the PV panel and at times the AC to DC power supply when the PV panel is experiencing brown out conditions. The minimum commercial size AC to DC power supply over 21V is a 24V AC to DC power supply. This means that the PV panel needs to output around 4V more than the DC converter.  However, PV panels do not come in a standard commercial size of 28V. The next highest standard commercial size is a 30V PV panel; but, at 2.3A a 30V a commercial PV panel can be fairly expensive. Therefore, the ALARM utilizes a self-built PV panel to save in cost. 
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Figure 5 Power switching circuit that will connect and disconnect the DC power supply from the LED drivers

The PV panel will be deemed useless if the AC to DC power supply was providing power at all times. The only time that the AC to DC power supply is needed is when the voltage of the PV panel falls below 24V. The circuitry that handles this switching of the AC to DC converter on and off is shown to the left in Fig.5.
The voltage of the PV panel will go through a voltage divider so that the ATTINY-85 can sense this voltage. If the PV panel voltage is greater than 24V the ATTINY-85 will send 5 volts to the base of Q1, which will turn off Q2 and disconnect the AC to DC power supply from the load, which is the LED drivers. If the PV panel voltage is less than 24V than the ATINY-85 will not send 5 volts to the base of Q1, which will turn on Q2 and connect the 24V AC to DC power supply to the load. When this occurs the LED indicator light will glow to show that the AC to DC converter is connected to the load.
G. Physical Interface
The physical interface compartment is placed on the front of the tank. An LCD display is utilized to show the current conditions of the tank.  Push buttons are on the front for the user to initiate the “feed mode” or to change the status of the lighting sequence.

The LCD is 20X4 character display and uses the Hitachi HD 44780 LCD driver. It uses 5V with a 15mA current draw. The screen displays the time, date, temperature and pH of the tank, as well as any alerts. The alerts include: surpassed temperature or pH threshold, or a water leak.  Also, the LCD indicates whether the “feed mode” is on or off. 

The user will utilize the one of the push buttons to the turn on the “Feed Mode”, which turns of the power heads for five minutes. This is to allow the fish to eat their food without being disturbed by the water flow. The other push button controls the 5 sequence light system. Each push of the button changes the state.

The physical interface compartment houses the microcontroller and another DB-15 connecter. The connector has the data and power for the relay board, which comes from the microcontroller. DB-15 connector and the microcontroller are connected via perforated breadboard. 
IV. Software Detail
The software in this project can be separated into two parts the microcontroller programing and the webserver programming.  The microcontroller programming will need to access both the digital information from temperature probes, and analog signals from thermistors, current sensors, and a pH sensor. It will also need to send information to and receive information from the webserver. This is accomplished via HTTP GET methods which will execute PHP scripts which will access the database.  The webserver programming will need to take information from the microcontroller, and then save it into a database.  After the data is saved it is displayed graphically via graphs which are user determined. A user can view the history of power usage, temperature, and pH of their aquarium. The web interface is also the main control center of the ALARM system which will allow a user to turn on and off any of the controllable components of their system. The diagram below shows the basic flow of the microcontroller programming. 
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Fig.5
Software flow diagram for Arduino Mega
A. Microcontroller Programming
The microcontroller software gathers information from analog inputs and converts them to digital representations via a ten bit ADC. After the analog information is converted to digital, it is then mapped to a real world value.  The temperature thermistors from the aquarium change resistance with a change in water temperature. This allows for the use of the Steinhart-Hart equation which reveals a third order approximation of temperature shown below. 
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(5)
This calculation is repeated two more times for the other sensors and then saved into a global variable. The current sensors return a linear relation between the current sensed and the voltage sent to the microcontroller.  This result can be mapped directly to a power usage assuming a 110V RMS power source. This data is calculated three more times for the others sensors and also saved into a global variable. The pH sensor returns a voltage linearly related to pH sensed in the water. This is turned into a real world value with the following equation[2]. 
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(6)
After all of these inputs have been mapped to values, they are averaged with the most recent results. If a certain amount of time has passed, usually ten seconds, they are then uploaded to the webserver. If that time has not passed, more values are sensed and saved. Each iteration through the loop updates the front LCD, which allows a user to see the most recent temperatures and pH readings of the aquarium.  Additionally, during each iteration, the ALARM system checks for updated information on the webserver. If information on the settings page has changed, this information will be forwarded to the ALARM system and all the controllable components react accordingly. 

Although most of the control information about the system is gathered from the web interface, there are still functions that need to be controlled in person. These functions are the feed mode and manual lighting control. These functions are each controlled by an interrupt triggered by a push button on the front display component. The first function is the feed mode. The feed mode turns off the pumps and filter for the aquarium which allows the food to be consumed rather than being filtered out of the water right away. This is achieved by setting the status bits of the relays on those components to zero and then refreshing the relay output.  The second is the manual lighting control, which can be abstracted as a finite state machine. There are five states of the lighting system which are shown in Figure 6, located below. Each state is controlled by two PWM signals from the microcontroller.
Another substantial part of the ALARM software system is that it alerts the user if a problem is detected. Possible problems in the system include temperature going out of specification, or a leak being detected. When any of these problems are detected an email or text message is sent to the user. This is accomplished by executing a script on the webserver, the information about the problem is sent with a GET HTTP method, along with the specific user information. When a problem occurs, the front LCD will also show that a problem has occurred.
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Fig.6 Lighting system push button sequence diagram
A. Web Server Programming
The database holds three tables.  The user table will be used for the login page of the website.  Each ALARM owner will have a username in the table and a password.  The data table is used to log data from the sensors.  This data will be used to graph the history of the measurements.  The microcontroller will send all of its measurements from the sensors to the data table.  The settings table is used to allow the owner to apply the settings to their needs.  The table will have a column for each of the settings fields on the website.  The microcontroller will refer to the settings table when it receives inputs from the sensors to confirm that their measurements are within the specified range.  

The website has four different pages.  The website is written in HTML and uses PHP to interface to the MySQL database. There is login page where users will be prompted to enter their username and password.  The status page of the website consists of the most recent measurements from the temperature sensors as well as the pH sensor.  It also displays whether components in the ALARM are on or off.  The settings page of the website allows the user to set their preferences for the aquarium.  Figure 7 displays the user interface for the Settings page. The user can choose to have the lights turn on and off automatically or set a percentage they want the lights to be on manually.  On this page, the user will set low and high temperature and pH thresholds.  The user is also prompted for an email address, by which the user will be alerted of any problems that the ALARM might come across.
The logs page of the website accesses data stored in the data table on the database.  With this website the user can view data in graphs.  The user can view Temperature, pH, 
Fig.7 Website Settings Page

and power usage data.  The graphs can be viewed for data measured over the past day, week, month, 3 months, 6 months, or a year.  Figure 8 shown below, gives an example of how the graphs will be displayed to the user.

[image: image17.png]Choose Light Settings

Enter percentage of light desired(0%-100%):

Turn on time:

Turn off time:

‘Water Temperature Settings

Lowest Temp:

Highest Temp:

Desired pH Range

Lowest pH:

Highest pH:

Email Address:




Fig.8 Logs Page Graph

V. Board Design
A. Board Layout
The ALARM consists of five separate boards. The LM3401 LED drivers are mounted on the same PCB along with the power switching circuit. The Hall Effect current sensors are mounted the same board as the relays. A copper perforated board is utilized to connect the LCD display to the Arduino Mega. The Arduino Mega will be mounted on a development board. Finally, the pH sensor adapter comes on a PCB of its own.
VI. Conclusion
The ALARM incorporates a variety of software and hardware to measure the pH, temperature and power usage of a saltwater aquarium. These measurements are presented to the user in a way that informs the user of the health status and power usage of their aquarium. Not only does the ALARM offer the user the way to monitor their saltwater aquarium, but the ALARM also offers the user a way to further control certain aspects of their aquarium. This control is made possible through continuous interaction between various hardware and software. A pivotal part of the ALARM is the ability to notify the user of the health status of their saltwater aquarium when they are away from their aquarium and offer control of the lighting system as well. We knew that the lighting system of aquariums is where the most power is used; therefore, we incorporated a PV panel into the ALARM to power the lighting system.

Initially the ALARM was geared for saltwater and freshwater aquariums; but, saltwater aquariums and freshwater aquariums require vastly different lighting system. Therefore, the ALARM was directed to saltwater aquariums only. However, both saltwater and freshwater aquariums utilize the same resource therefore the scope of the ALARM can be extended to freshwater aquariums as well. Generally speaking, resources like power usage and food are constantly wasted in aquariums because of the lack of monitoring and control. The purpose of the ALARM is to limit this waste of resources through various monitoring and control techniques.
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