Real-Time Temperature Rendering Device for Human/Computer Interface

Proposal from Design Team7:

(Names deleted)

Executive Summary: 
The Real-Time Temperature Rendering Device (RTTRD) is a device that will be controlled by a computer to heat and/or cool a joystick.  Goals have been implemented to coordinate a design timeline (what does that mean?  You’ve met some goals already?  Try simpler language, without making it informal. Do you mean, “Goals and a schedule to meet them have been established …”?) that will allow for design, building and testing to allow the development of the device within specifications.  The major functions of the device will be performed using devices such as: thermocouple, microcontroller/DSP, PC platform software and USB/serial port connections.  Risks and conditions will be evaluated to aid in choosing specific components.  Each member of the group will have unique tasks and goals to accomplish, yet will work with a common purpose towards the completion of the final product.  [Why you are trying to heat and cool a joystick is not even mentioned… that should be here.  It sounds like a joystick heater (like a windshield heater), rather than a part of a telerobotic system to convey sensor information to an operator.  Why would an executive want to fund a joystick warmer?  Key specs (like your 0.2 second to 80% of nominal temperature) should make it into the executive summary.
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1. Customer Needs/Requirements

A sense of realism is becoming increasingly important in today’s robotics industry. Advances have been made in the field to produce a more accurate and realistic environment. However, with the development and implementation of a real-time temperature-rendering device for human/computer interface for the Robotics and Automation Laboratory (RAL), we are proposing the next generation in robotic simulation. 

The first step in our design process is to simulate and construct a device that will adjust its temperature according to a given input.  Designing the device to operate effectively over the specified temperature range is of the utmost importance. Certain temperatures may require an appropriate response on the user’s behalf and therefore the need for attaining that temperature in the device is then stressed. Furthermore, such a wide range of temperature, as outlined by the customer’s specifications, creates yet more emphasis on an accurate range in device functionality. In other words, the effectiveness of our device is in direct proportion to how well it simulates the temperature as defined by the input.


Another specification that requires great consideration is the response time interacting with the input temperature. Since high temperatures can cause damage more quickly, it is essential to have minimal lag in response. Conversely, if cold temperature is of specific concern to the application, then a similar standard must still be upheld. This design demands the device to achieve eighty percent of the target temperature within 200 ms. Such a quick reaction is essential as mentioned previously by the possible concerns related to extreme temperatures.


Finally, to be effective the device should fit within the application for which it is designed. In this case the RTTRD is required to mount in a Microsoft Force Reflected joystick apparatus. Meeting this standard ensures that the device is practical for the customer.  
The completion of the RTTRD requires we take into account specific constraints.  Constraints, given by the customer and analyzed by our design team, will be broken down and solved issue by issue.  The first specification of the RTTRD is the temperature range.  The device will be able to output a temperature (t) where –15 (C ( t ( 75(C.  The next specification to be met is the bandwidth: the RTTRD has to respond to new temperature inputs.  The RTTRD will be capable of changing from one extreme of the temperature range to the other in a maximum of .2 sec, performing with a bandwidth of at least 5 Hz.   The minimum allowable change in temperature will be 80 percent of the goal in the desired .2 seconds.  Closely related to both the temperature range and the bandwidth of the RTTRD is the speed at which it will actually be changing temperature.  In the event of no change to the input, it will require a change of 0 (C /ms. However, the most severe case, the RTTRD will be required to go from either the highest temperature to the lowest temperature or the vice-versa in close to .2 seconds. In its ideal form, this will require a speed of (.45 (C /ms (speed: min. 0 (C /ms, max. (.45 (C /ms).  The design specification of the size of the RTTRD is that the temperature-changing portion of the circuit must be able to fit into the actual joystick of a Microsoft type controller.  The user computer interface controller plans, which will be addressed, involve the creation of a computer application with platform compatibility.  It will be designed to perform with the Windows 2000, XP, and NT platforms and will interface with the software using a USB or a serial port.

2. Background
The basic concept behind the functionality of the RTTRD is a joystick type controller for computer games with a handle that heats up or cools down to a temperature input by the computer.  This process will be completed through the use of many parts.  The central part of the RTTRD will be a microcontroller. This will be used as the computer interface that will relay information between the computer and the sensors in the device.  It will also control the heating and cooling elements in the joystick handle itself.  The heating and cooling elements will be thermocouples [usually sensors; other names for Seebeck effect heating/cooling. Using Peltier effect?].  The thermocouple is a device made with two dissimilar metals that when a voltage is applied will either heat up or cool down.  The microcontroller will use temperature sensors, placed in the handle of the joystick, to know the current temperature.  The microcontroller will then evaluate this information to either heat or cool the thermocouple.  The heating/cooling system will be generated by powered by a dedicated voltage source.

3. Design Specification

Upon finding our design solution, we expect … [otherwise, the first part of the sentence is a dangling participle] there will be a few obstacles that will need to be conquered.  Our product will not only feature the latest and greatest engineering and technology, but will also be efficient and durable as well.

The interface of our system between the computer and the RTTRD will be constructed in Visual C++.  C++ has been initially chosen as the language in order to insure our closed-loop system meets the reaction time requirements.  C++ is a language designed to work at a system-dependent, operating system invoking level.  The speed of this type of programming is imperative.[awkward]
A serial port will initially support the hardware connection. For the microcontroller, it will be necessary to choose a higher design level PIC controller.  From this platform, we can produce solutions to other design constraints.  The controller can insure a high clock speed, which will shorten the speed [you don’t shorten speed] of the system response time.  It can also insure a proper analog signal to the thermocouple, causing the device to change temperature.

Following the thermal change, a stronger microcontroller should give us the ability to produce responsive feedback from a temperature sensor.  The final point that can be insured using a high-level microcontroller is the ability to produce quick feedback to the computer interface.

4. Risk Analysis

As with any device being created for commercial or industrial use, the highest priority is to ensure 100% safety to the user(s).  The second priority is finding a delicate balance between cost of parts/development and safety.  The risks that must be considered are as follows: One, creating a device that injures or has the potential to injure the user.  Second, a device that has such an emphasis on safety that it does not function at a satisfactory level.  First, what are the safety risks of the RTTRD? These include temperature extremes that lead to burning and or freezing. Also, as with any electrical device, precautions must be taken to prevent electrocution. 

To manage and prevent these safety hazards from incurring any damage to the user, the RTTRD will be equipped with both internally controlled limits and externally controlled fail-safes.  Internally, the microcontroller can be programmed with negative feedback and pre-assigned limits to prevent the temperature from leaving the safe margin of –15 °C and +75 °C. Vigorous testing can be performed to ensure to an acceptable probability that the device will function within specified temperature and current range for normal usage.  Externally, an independent temperature sensor can be used to trip an interrupt that will shut off current and prevent malfunction of the RTTRD via either overheating or overcooling.  In addition, the RTTRD will be coated with a non-electro??[electrically non-conductive? Insulating?] conductive material such as plastic to prevent electric shock to the user.  The user will not touch any electric circuit directly, and given no malicious tampering with the RTTRD, electric shock will not be possible.  Heat and cold, however, will be able to pass to allow maximum temperature sensing by the user within the specified safe region.  


Second is ensuring a low cost device with a minimal defective rate.  In particular, the RTTRD must not exceed operating range of its components.  The RTTRD must be composed of a plastic or rubber shell that will not melt at 75 °C or crack and freeze at –15 °C.  We will also take precautions to ensure that the microcontroller/DSP does not require the thermocouple to operate outside its maximum or minimum temperature range.  

5. Project Management Plan

The procedure and project organization will be simple, yet effective.  The basic functions of each group member are as follows:


XXXXXX is our Project Manager.  This position includes organization of individuals tasks, including his own.  These tasks consist of designated positions in the group, such as web manager or lab coordinator.  Also, he will produce technical tasks for individuals.  These technical tasks will be provided in individual write-ups.  His personal technical task will be to program the microcontroller/DSP as necessary.


YYYYYY is the team’s Document Coordinator.  This includes final production of documentation, which will be passed to the project manager only to be turned in at this point.  [Oops, OK for project manager to have final check-off, but as you can see, you’d better ALL be editing your documents together in some way before they are submitted.  The doc coordinator should be coordinating, not producing all the writing.]  He will be working technically, along with ZZZZZZZZ, on the user interface, which will export information via the RS 232 serial port.


The web manager is ZZZZZZZ .  All necessary items will be passed to him to be put on the group web page.  His primary task here is to maintain this site.  The technical contribution on his behalf will be to work, conversely with XXXXXX, on the user interface threaded into an external port of their choice.


WWWWWW is assuming the role of Presentation Coordinator.  WWWWWW will finalize all presentations on any of the group’s needs.  He will work particularly on the analog circuitry of the design project.  This includes a thermal effecting device and thermal measurement used in creating a feedback system to the microcontroller.  He will also control microcontroller output to the thermocouple.


Finally, VVVVVV is the Lab Coordinator.  This position includes producing orders for the ECE shop, keeping inventory of parts, and any necessary preparations for lab designs on the particular day. The project emphasis for VVVVVV will be to join WWWWWW in designing the analog circuitry and producing usable feedback to the microcontroller and user interface. 

6. Budget

Cost is one of the most important aspects of any project.  We are limited to a $500 budget, in yet, we aim to produce several different models for less than that cost.  As part of our design strategy, we will test not only different mechanisms for control such as digital signal processor versus microcontroller to find the best real-time control of the RTTRD. But also different shell materials such as plastic, rubber, etc for flexibility and best thermal conductance and electric shock shielding.[this is a sentence fragment.]  It is also part of our design strategy to investigate multiple thermocouples on the same RTTRD to provide the most responsive and most accurate temperature rendering device available today. 

Component: 


Model


Brand


Cost

Microcontroller

PIC F6F874

Microchip

Provided

Joystick


Sidewinder

Microsoft

Provided

Thermoeffector

DT12-8

Melcor


$37

Non-electro conductor
Plastic


Generic

$5

Microcontroller – Use in control system that adjusts and evaluates the temperature by controlling the current applied to the thermoeffector.

Joystick – haptic device that the RTTRD will be mounted for application implementation as specified. 

Thermoeffector/Thermocoupler – component that will realize the temperature values between –15 °C and +75 °C 

Plastic shell – a method to enclose the RTTR to prevent interference from outside conditions and increase safety.  [Ooh, this had better be a pretty good thermal conductor, or you’ll never meet your 0.2 second time for getting to 80% of nominal temperature!!!]
Overall, proposal had the required elements.  You can see that the minor errors could interfere with readability and perhaps customer confidence in your team.  For future written work, please be sure your team allots time to go over the work together, finding and fixing such problems and making sure the document meets its goals.
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