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Abstract
The automation and remote monitoring of life support systems (LSS) equipment has been accepted practice in the zoo and aquarium industry for several decades. However, due to cost concerns, this capability is often reserved for large filtration systems and critical equipment only. Smaller LSS systems often lack any automation or remote sensing capability though they may house animals that are just as important to the institution’s collection.
Programmable microcontrollers (MCU’s) can be used in the design of low-cost electronic devices that can be quickly and inexpensively added to existing automation and control systems (ACS) installations or designed for stand-alone operation of LSS operational tasks such as maintaining and reporting system temperature or analytical measurements, valve actuation, and pump control. There are several different variants that can be adapted to the LSS environment using “off the shelf” electronic components. Here we will give an overview of relevant products, including a discussion of their strengths and weaknesses, and provide an example of how they can be used to augment an existing ACS installation.
A microcontroller (sometimes abbreviated µC, uC or MCU) is a small computer on a single integrated circuit containing a processor core, memory, and programmable input/output peripherals. Program memory in the form of NOR flash or OTP ROM is also often included on chip, as well as a typically small amount of RAM. Microcontrollers are designed for embedded applications, in contrast to the microprocessors used in personal computers or other general purpose applications. (1)
This presentation will focus on the Atmel AVR microcontrollers and the Arduino development environment. As an example we will walk through the circuit design, MCU programming, and connection of the specimen freezer monitoring system at The Marine Mammal Center to the existing ACS.
Introduction
Microcontroller based electronic devices are already in wide use in many of the proprietary technologies and devices common in the LSS field for products ranging from analytic measurement to power tools. A familiarity with these components as well as basic electronic circuit design can provide the LSS operator with a powerful tool in meeting the needs of their facility under the constraints of a tight budget. The need for temperature monitoring and alarming for The Marine Mammal Center’s (TMMC) medical specimen storage freezers was addressed using simple electronic devices based on the Atmel Atmega-xx8 microcontroller.
Materials
There are many different families of microcontroller that would easily meet the needs of this project. The Atmega chip was selected due to its low cost and its compatibility with the Arduino development environment.

The Atmel 8-bit AVR RISC-based microcontroller combines 32KB ISP flash memory with read/write capabilities, 1KB EEPROM, 2KB SRAM, 23 general purpose I/O lines, 32 general purpose working registers, three flexible timer/counters with compare modes, internal and external interrupts, serial programmable USART, a byte-oriented 2-wire serial interface, SPI serial port, 6-channel 10-bit A/D converter (8-channels in TQFP and QFN/MLF packages), programmable watchdog timer with internal oscillator, and five software selectable power saving modes. The device operates between 1.8-5.5 volts. (2)
Arduino is “an open-source electronics prototyping platform based on flexible, easy-to-use hardware and software. It's intended for artists, designers, hobbyists, and anyone interested in creating interactive objects or environments”. (3) The Arduino hardware, as well as the programming environment is released under non-restrictive licenses. This eliminates the need to rely on proprietary software compilers and allows the physical components necessary for development to be sourced from a wide range of suppliers. The Arduino development environment and libraries are available at no cost.
In addition to the Arduino programming environment and development board, some general electronics tools are necessary. These include a solder-less bread board, jumper wire, Digital Multi-meter, and any discrete electronic components necessary for the specific device being designed. 
Circuit Design
Monitor Node
There are two types of medical specimen storage freezers in use at TMMC, professional lab grade freezers which store their contents at -80˚C, and consumer grade chest and upright freezers which store their contents at -20˚C. The -80˚C freezers in service at TMMC are equipped with on-board temperature monitoring and alarm system from the factory. 
The monitor node device employs a thermistor-type temperature probe in a voltage divider configuration which is inserted into the freezer. The signal from the probe is evaluated by the MCU and the freezer state is indicated by a relay located on the node’s circuit board. In addition, the monitor node also provides local readout via a small LCD screen. There are 8 monitor nodes located in the main freezer area and two in the medical lab.
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Figure 1. Analog monitor schematic.

Alarm Node

Each storage area is monitored by an additional MCU based device that keeps track of the individual freezer states and reports any alarms to the LSSF and Research staff via the ACS. Each monitor node tracks the status of all -20˚C freezers via the Monitor Nodes as well as the status of all -80˚C freezers via external alarm contacts provided by the freezer manufacturer. The Alarm node also reports status locally via a small LCD screen and will activate a buzzer and strobe light when an alarm condition is detected.
Programming
General Programming

Programming is accomplished through a USB connection to a PC either by connecting an Arduino development board directly to the computer or by loading the program onto a bare MCU chip through the use of a target board and in-circuit hardware programmer. For this project the Adafruit Industries USBtinyISP programmer was used in conjunction with the AtmegaXX8 target board from Evil Mad Science. 
The Arduino development environment utilizes an adaptation of the C programming language targeted at non-professional developers. It features a relatively “human readable” syntax as well as a user-extendable architecture. New code libraries are continually added to the Arduino language by the Arduino development team as well as the Arduino developer community. 
Connection to ACS
The method chosen for connecting the freezer alarm monitors to the ACS was through MCU controlled dry contact closures.  The ACS sources a +24 VDC signal over one copper wire, upon contact closure a second copper wire tied into a digital input circuit back at the ACS gets pulled high, indicative of an alarm condition.  Chosen for its simplicity, the dry contact and copper wire pair are but one of the possible options.  One of the drawbacks of this method is that a pair of wires is required for each MCU/thermistor pair and over long distances wiring costs can become cost prohibitive relative to other methods.  Other methods investigated include wireless digital I/O repeaters, Ethernet and serial communications.  The most cost effective of these options would have been a multi-drop RS-485 serial network comprised of a small gauge twisted shielded pair of copper wires daisy-chained from the ACS to each of the MCU’s.  The only reason this method was not chosen was the lack of a working protocol stack written for the MCU that the ACS was compatible with.  Had development time not been a limited resource we would have chosen to write a Modbus RTU server, one of the simplest and widely implemented serial protocols in the automated control system industry.
Example Code

Example code for the freezer monitor project can be obtained from Matt Hoard via email.
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