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Objective


The objective of this project is to monitor the health and cycle of yeast during active fermentation of beer.  This is accomplished by implementing two threads and a circular buffer on a computer that is gathering broadcast data from an Arduino with sensors on the fermentation tank.  In doing so, the computer is able to listen to a USB connection and parse data with > 90% of the broadcast messages received.  

Description


The process of homebrewing beer is rife with many perils that could negatively affect the finished product.  Dead or spoiled yeast may not properly ferment a beer, and large temperature changes may shock yeast and cause death.  Typically, the specific gravity of a beer (ratio of the density of the beer to the density of water) is measured throughout the fermentation process to track how well the yeast is working.  In doing this, the risk of bacterial infection of the beer is present.  This is why close monitoring is necessary to ensure a quality beer.  Some of the fermenting beer is lost in the process as well.


The Arduino implemented in this project has two types of sensors attached to it, from which it broadcasts data wirelessly to a computer that is storing the gathered data.  A weight sensor gathers the weight of the tank in kilograms, and a temperature sensor monitors the temperature during fermentation.  These values are then broadcast wirelessly using an Xbee attached to the Arduino, and a USB Xbee receiver on the monitoring computer.  


In the past, the Arduino has been implemented by fellow teammates and I on various projects.  The main problem we have encountered in using the Arduino is that only one signal may be present on a USB connection at a time.  This has lead to data loss because the monitoring program is busy processing data, and only watches the USB port between tasks.  Implementing a circular buffer and two threads will eliminate this problem.


Upon starting the monitoring program, the user is prompted for a unique name for the current beer to be monitored.  It then prompts for the volume in gallons.  After gathering this data from the user, two text files for temperature and specific gravity with the beer's unique name are created to store the data gathered long term, for later graphing and monitoring.  Threads 0 and 1 are then launched.  When data arrives, this data is written to the data member variable of an object.  This object has two data members – a data message and a boolean variable to indicate if the object has a valid message or not.  The circular buffer created is an array of these objects.  Thread 0 watches the USB port, and when data arrives, writes the data to the data member variable of the current location of the circular buffer.  Then, the boolean variable is changed to 'true' to indicate that there is valid data in that location.  The index of the circular buffer is then increased, and thread 0 waits for more data.  Meanwhile, thread 1 is monitoring the circular buffer.  When there is data available in the circular buffer whose boolean variable is 'true', indicating valid data, the thread parses the data member variable to determine if it is temperature or weight.  If the data is temperature, the number is written to the corresponding temperature file.  If the data is weight, the thread calculates the specific gravity of the beer using the volume given by the user at the beginning of the program, and the equation below.
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The specific gravity is obtained from this, and written to the corresponding file for storage.  After parsing this data, the thread then returns to the circular buffer, awaiting more valid data to process.  The entire process of this project is shown in the illustration below.
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Results


In order to test this project, a program was created and uploaded to the Arduino to generate random data in a realistic range and broadcast it.  Typically, brewing a beer takes at least two weeks in primary fermentation, in addition to another two to four weeks in secondary fermentation.  Due to time constraints on the project, it was unrealistic to brew a new beer and gather actual data.  However, the two thread and circular buffer implementation in this project worked with great success, resulting in 100% of the broadcast data from the Arduino being received and stored by the monitoring program.  Judging by the success of this implementation, this project was a great success.

Conclusion


The objective of this project is to monitor the health and cycle of yeast during active fermentation of beer.  This is accomplished by implementing two threads and a circular buffer on a computer that is gathering broadcast data from an Arduino with sensors on the fermentation tank.  The monitoring program had a loss of 0% of the messages broadcast during testing.  The problem of lost data over a USB connection due to a busy monitoring program has long plagued attempts at successful computer-Arduino communications.  Implementing techniques taught in this course proved to be an invaluable tool in solving this problem.
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