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To:   USDA-ARS BIOTIC Researchers

From:  J. Aaron Crews and Thomas A. Mullen, EDAS

Subject:  Proposal: A Smaller BIOTIC

Date:  August 16, 2001

This memo presents a proposal for the development of a small and reliable device for the monitoring of plant canopy temperatures.  This device would be implemented during the summer of 2002 in studies related to the BIOTIC method of irrigation scheduling.

SUMMARY

This proposal recommends that the USDA-ARS subsidize a plan for Thomas A. Mullen and J. Aaron Crews (EDAS) to produce a device that is able to read the signals produced by infrared thermocouples (IRTs) and then log those readings for further analysis.  The device would meet requirements agreed upon between EDAS and ARS researchers, and would be implemented in field studies during the summer of 2002.  The current scientific equipment used in studies related to the BIOTIC method of irrigation scheduling is problematic.  This equipment is manufactured almost exclusively for research purposes, and as such is expensive and complicated to use.  These aspects, combined with the heft of the current BIOTIC system and its lack of reliability, present an opportunity for improvement.  The EDAS device would improve upon the existing situation by providing an alternative, more reliable source of data related to the BIOTIC scheduling system as well as providing a small, easy to handle one-box solution for the current compilation of scientific equipment.  The new device would also be more ready to expand from the research arena to the open market, benefiting both the developers of the patented BIOTIC method as well as EDAS, which would maintain ownership of the device design.

The coalition of information related to the necessary technology to develop this device, as well as the actual creation, testing, and improvements of the device can be carried out through application of a defined plan. The device itself will have to meet agreed-upon specifications, and reports relating to the progress of the development will be furnished by EDAS on a regular basis.  Preliminary research indicates that all of the listed aspects of the device can be included and will be operational within a timeline that allows the implementation of the EDAS device in field studies during the summer of 2002.  Both Thomas Mullen and Aaron Crews are extremely familiar with the BIOTIC method as well as the technology behind the production of such a device.

INTRODUCTION

The BIOTIC method of irrigation scheduling uses infrared thermocouples to measure plant canopy temperature and uses that as an indication of how stressed the plant is.  This technology is important for several reasons.  The first is because it lets the farmer know whether his crops are stressing or not before visible signs of stress are present.  The second reason is that it may allow the farmer to skip irrigations when he otherwise would not.  These reasons may combine to produce healthier plants while at the same time reducing water use.  Farmers are likely to be interested in both of these potential benefits of the BIOTIC system.

At the current time, however, the BIOTIC irrigation scheduling system is not ready to be mass-produced and sold to farmers.  In fact, much of the current research being done on this system has been quite difficult to undertake.  Both of these conditions can be at least partially attributed to a combination of factors arising from the devices used to implement the system.  Several problems exist with these devices.  First, they are expensive.  The equipment currently being used for BIOTIC was developed for use by researchers, and therefore costs quite a bit.  Also, the current BIOTIC apparatus is extremely large and heavy.  This makes delivery, installation, and service on the unit all very difficult.  Lastly, the lack of a discrete hardware solution designed specifically for this application results in many different pieces of equipment having to be connected together.  Each hardware interface presents another opportunity for water to enter or for a particular connection to go bad.  Combined, these problems add up to a solution that is too expensive, not reliable enough, and too unmanageable for the average farmer.  BIOTIC currently has to have two dedicated technicians to keep the system up and running.

The device proposed by EDAS would circumvent many of the current problems associated with BIOTIC and would therefore present a more viable medium of BIOTIC implementation in farmers’ fields.  Because the device would consist of only one box, connection problems would be extremely limited, and waterproofing would become much easier.  Also, because the EDAS device would be designed specifically for this application, many unnecessary design elements as well as many hardware redundancies would be eliminated.  This would help keep down the cost of the device as well.  Overall, this small device would be by far more manageable, cheaper, more practical, and therefore more marketable than the current solution.  This device can make this technology more accessible.

SCOPE
The objective of the proposed plan is for EDAS to develop and produce a device that fulfills many of the functions currently being carried out by the BIOTIC, replacing the display, CR10X, modem, and Digital to Analog Converter (DAC).  The device would be substantially smaller and lighter than the current combination of devices fulfilling the same functions.  The costs related to the development and implementation would be financed by USDA-ARS, and one or more units would be deployed and used in the same fashion that current BIOTIC hardware is used during field demonstrations in summer 2002.   The demonstrations would serve as proof-of-concept testing for the EDAS design, and would allow side-by-side comparison of EDAS with the current BIOTIC implementation method.  The design itself would have to meet specifications agreed upon by both USDA-ARS and EDAS, but EDAS would maintain all ownership rights to the design.  Preliminary research has allowed the compilation of a list of development goals that could be met on a timeline ending before summer 2002.  These include:  

1. Multiple IRT compatibility (up to 8 or more)

2. Air temperature measurement

3. Humidity measurement

4. Data logging capabilities – storing data and the ability to download manually or remotely

5. Integration of a modem which can be connected to any analog line, including a cellular phone

6. Programmable call-up windows, time and temperature thresholds, and remote setting of system time

7. Full compatibility with wireless IRT system currently under development

8. Windows-based software to program the device and to download the data

9. The ability to be used as a data logger for a variety of environmental-monitoring applications

Several potential problems may arise during the development of this device.  Both developers are seniors in college pursuing engineering degrees, and as such will have some conflicts regarding the balance of school and research.  Secondly, they will reside in different towns, making the logistics of working as a team slightly more complicated.  Both of these issues are easily minimized, however.  This project will maintain its position near the top of the priority list for both developers because it represents invaluable real-world engineering experience, an important factor in the after-college hiring process.  The communication logistics issue between towns is also easily remedied.  High-speed internet access will allow real-time collaboration between the partners, and telephone and email correspondence will further increase communication bandwidth and information sharing between the partners.  In the case that any unforeseen problems should arise, research related to the problem will be undertaken, and the appropriate experts will be consulted.

 PROPOSED PROCEDURE
As with any project, getting the most out of the time and money invested is important.  Taking this into consideration, it is important to prioritize, and to design a plan so that no unnecessary time is spent trying to reorganize and plan after the project has begun.  The following procedure will help to minimize costs and time while maximizing the quality and utility of the final design.  

EDAS has already been able to apply some of the basic technology that will go into design and development of the device solution.  Initially, however, EDAS will gather information related to all specific hardware and programming information necessary to produce a device that fulfills all of the agreed-upon specifications.  Then a prototyped hardware configuration will be determined, and programming solutions to correctly interface the different hardware will be developed.  After a preliminary design has been developed, development of the PC-based Graphical User Interface (GUI) will commence.  During this time, the hardware will undergo a long, repeated sequence of functionality and reliability testing, improvement or redesign, and retesting.  Throughout the process, EDAS will update USDA-ARS on the status of the design, and when both sides agree on a final design the device will be ready to be implemented.

QUALIFICATIONS
Thomas A. Mullen is a senior mechanical engineering major at Texas Tech University.  J. Aaron Crews is a senior chemical engineering major at Texas A&M University.  Both are extremely familiar with the BIOTIC method of irrigation scheduling.  Thomas Mullen has worked on the current design and redesign of BIOTIC for three years.  Aaron Crews developed the web interface currently used with BIOTIC and has one summer’s worth of experience as a technician for the device.  The two are currently co-writing the manual for the production, implementation, and development of BIOTIC.

Accountability and ambition related to the proposed idea have already been deeply seeded within the developers.  The two have negotiated a contract between them which makes each partner equally accountable for anything produced by EDAS (Environmental Data Acquisition Services), the name of the partnership.  A prototype design for an irrigation control system featuring programmability, LCD display, computer interfacing ability, a real time clock, an irrigation signal indicator light, and one IRT input was produced by EDAS entirely outside of their employment at USDA-ARS, and was financed one hundred percent out-of-pocket.

There are currently no two people more knowledgeable in the intricacies of the hardware and software interactions of BIOTIC, and EDAS has demonstrated the ability and desire to produce a device that not only performs as specified, but will be useful in the progression of the BIOTIC system from the research lab to the farmer’s desktop.

BUDGET

The proposed budget for this research and development project is itemized in Figure 1.  Included are funds to support the time necessary to do the necessary research, produce, and test the device, as well as funds to cover the hardware and software expenses necessary to develop an effective solution.

Figure 1: Proposal Budget

	Item
	Unit Cost
	Quantity
	Cost

	Hardware costs
	
	
	

	Materials (per unit)
	$1575.00
	2 units
	$3150.00 

	Tools
	$400.00
	One time cost
	$400.00 

	Initial development costs 
	$600.00
	Already invested
	$600.00

	Software costs
	
	
	

	Hardware allowance
	$3000.00
	One time cost
	$3000.00

	Development software
	$600.00
	1 - OTC
	$600.00

	Controls for dev. software
	$40.00
	1 - OTC
	$40.00

	Development Costs
	
	
	

	Labor
	$10.00/hr
	560 hr pp
	$11200.00 

	Communication costs
	$500.00
	
	$500.00

	Travel expenses
	$2000.00
	
	$2000.00

	Total Cost:
	
	2 prototype units
	$21490.00 


After the initial development costs, the cost per unit drops substantially.  These numbers were generated using current rates of expenditure on development for the first prototype model and taking into account additional expenses incurred in meeting all specifications. 

CONCLUSION

This project will work to fill a need for information in the scientific and farming communities.  This device will fill in the missing link between where BIOTIC technology is now and where it can be tomorrow.  Very seldom do situations arise in which one particular solution can open the door for such a wave of opportunities, but this may very well be one of those situations.  EDAS can initially greatly simplify the application of the BIOTIC method in its current environment.  Also, however, it may open up doors to BIOTIC research in places that scientists never envisioned.  One of these small units could be sent anywhere in the world.  The implementation of the unit would be much easier and reliable. With the size of the unit, it could be mailed instead of driven in the back of a pickup truck.  After these initial development costs, the per-unit cost of these devices could be very low compared to that of past devices.  This could make cutting-edge technology accessible to the everyday farmer, and by making this technology accessible, farming could be revolutionized. 

