**Introduction

The SE Daq Demo configuration file is intended to be used with MICAS-X Student Edition. This configuration file demonstrates how to use an NI Daq device with MICAS-X, as well as how to configure several other features of the program. In order to use this configuration file successfully, it is necessary to have a National Instruments Daq device available. A USB-6008 device is recommended, though many other Daq devices can be used as well, as long as they support analog input, analog output, and digital output. Also, before connecting external circuitry, it is important to review the specifications of your Daq device and compare them to the circuitry being used to ensure that your device is compatible with the circuits being used and will not be damaged. It is your responsibility to ensure compatibility, and Original Code Consulting cannot be held responsible for any damage to Daq hardware caused by improper operation of this program. More information on specification requirements can be found in the "Connections" section.

If you do not have a compatible Daq device available, OCC recommends that you use the SE Ramp Demo configuration instead, since it does not require any external hardware.

To use this configuration file in MICAS-X, first run the MICAS-X Configuration Editor, read the "SE Daq Demo.ini" configuration file, and then press the "Mark as Start-up File" button. The section of this document named "Configuration" will step you through relevant sections of the configuration file. Select that section from the Section control above and follow the instructions found there.

**Configuration

Feel free to explore the SE Daq Demo configuration. It is set up to read a temperature from a thermistor, output a voltage, and control two LED's via digital output lines. Some of the additional features are described below.

At this point, make sure your NI Daq Device is plugged into your computer and has been recognized by the OS before proceeding. If you are uncertain about the status of your NI Daq Device, you can open the NI MAX program and use that to verify the device.

Begin by clicking on the Drivers selection in the Components list, then the NIDaqAD item in the Drivers list. Near the lower right corner of the configuration window is a list of NI Daq Devices recognized by your computer. Find the device you are planning on using with the demo. If this is the first time you have plugged an NI Daq Device into your computer, the device will probably have the name "Dev1". Make sure that the "Device" parameter at the top of the configuration window has the correct name of the device you will be using. It must be spelled and capitalized exactly as it appears in the list at the bottom right.

This configuration window allows you to determine how the Analog Input channels of your Daq Device will be used by MICAS-X. Other than the Device name, the parameters are already configured for the demo. If you do choose to add other channels to this configuration, be sure to give them unique names and unique Channel Numbers.

The first channel on the Daq device (Channel 0) has been configured to measure a temperature using a thermistor. (See the "Connections" section for information on the thermistor part number.) Note that the Scaling for Channel 0 has been set to Lookup Table 1, and that a lookup table has been entered in the Lookup Table 1 array. This table was imported from the file Thermistor Scaling.csv in C:\MICAS-X\Documents. That .csv file was derived from the Thermistor Scaling.xlsx file also in that directory, which was intern populated with data from the thermistor data sheet "10K NTC Thermistor.pdf", also located in that directory. Whenever you make changes to a configuration file, be sure to hit the Save button before selecting another configuration window, or your changes will be lost.

Next, select the NIDaqDA Driver from the Drivers list. Again, make sure that the Device parameter near the upper left has the correct name for the Daq device you are using. Save the configuration if you make any changes, then select the NIDaqDO Driver and do the same for it. When you are editing these two Drivers, you can see how the channels for each of them are defined as well.

Select the Equations Driver next. By clicking on one of the Equations in the list on the upper left, you can see the calculation being used to generate the two Equation Channels, Current (A), and Power (W). These equations derive the current and power being applied through the load resistor connected to the Analog Output channel. Note that the Current (A) Channel refers to "R0", which is the resistance of the the load resistor.

R0 is a Constant, not a normal channel. Constants are values that are defined at configuration time, but which cannot be changed when MICAS-X is running. Select Modules in the Components list, then Constants in the Modules list. Here you will see how R0 is defined, as well as its value. When you connect the load resistor in the next section, you can measure it and enter a more accurate value here, so that your power and current calculations will be more accurate. Also, for some Daq devices, you may need to use a resistor with a value higher than 1000 Ohms since the device may not have as much current capacity as the 6008. If so, enter the value of the load resistor that you are using in this window.

Next, click on "Channel Lists" in the Modules list. Here you can see that a custom Channel List named "Important Channels" has been defined. It contains a subset of all the channels, making it easier to find a channel you are looking for than if you had to scroll through all the channels defined by the current configuration file. Although this demo configuration does not have a huge number of channels, many MICAS-X applications do have dozens or hundreds of channels, so Channel Lists can be very helpful in organizing those channels.

If you then click on File Writer in the Modules list, you will see that a .csv data file has been defined which will write the Important Channels list to disk. Although MICAS-X always makes a .tdms data file of ALL channels, it is often useful to create your own data files using this configuration window for easier access to select channels.

Click on the Control Tab Module to see how the default user interface of MICAS-X is defined. Here you can specify which channels, sequences, and triggers show up on the Control Tab of MICAS-X, as well as which channels appear on a time-series graph. Note that in this configuration, the Important Channels List has also been selected for the time-series graph, so that users can quickly find the channels they are most likely to be interested in when they want to graph their data. Once MICAS-X is running, both the List and the specific channels being graphed can be changed by the user. These configuration parameters only determine the values of those controls when the program starts.

Select the Triggers from the Modules list next. Here you will see that four triggers have been defined. The first turns on the Alarm status in MICAS-X if any software or hardware error is detected. The second is used to detect if the measured temperature is above or below a threshold value. The last two are used to ensure that the output voltage never exceeds the acceptable limits of 0 to 5V.

Since the load resistor and ambient conditions are different for different users, the exact temperature threshold that you will need to use could be different than what the system is configured to use. The Triggers you just examined can be used without the Triggers Driver included in the configuration, but by including it, additional functionality is available. Click on Drivers in the Component list and you will see that the Triggers Driver is included in this configuration. This Driver adds additional channels that contain the status of the trigger (0 = False, 1 = Warning, 2 = True, 3 = Alarm) as well as the threshold value used by the trigger. With this Driver included, you can therefore easily change the threshold of a trigger by using these additional Channels. Click on Modules and then Control Tab and you will notice that the Over Temp trigger threshold channel is one of those listed under "Controllers", so that the operator will be able to adjust this threshold when the program is running.

Feel free to examine other parts of the configuration as well, then seledt "Connections" from the Section control above and follow the instructions there.

**Connections

This configuration is based on using the following components with a USB-6008 Daq Device. See the warnings below concerning using other Daq devices. OCC cannot be responsible for damage to your Daq device. These components may be available directly from OCC upon request, or you can order them from Digikey or another supplier. Digikey part numbers are shown below for your convenience.

	Item
	Manufacturer Part Number
	Digikey Part Number

	Green LED
	LTL-4233
	160-1130-ND

	Red LED
	LTL-4223
	160-1127-ND

	475 Ohm Resistor x2 (LED current limiting resistors)
	MFR-25FBF52-475R
	475XBK-ND

	10K NTC Thermistor
	NTCLE305E4103SB
	BC2715-ND

	10K reference Resistor
	RNF14FTD10K0
	RNF14FTD10K0CT-ND

	1K Load Resistor
	WHA1K0FET
	WHA1K0FECT-ND


The anode (shorter lead) of the green LED should be soldered to a 470 Ohm resistor. The other end of the resistor shoudl be connected to Ground of the Daq device. The cathode (longer lead) of the LED should be connected to the DIO 0 pin of the Daq device.

The red LED should be connected the same way, exept that its cathode should be connected to the DIO 1 pin of the Daq device.

Note that the 470 Ohm resistors used in this example, when used with the LEDs specified, limit the LED current to about 8mA. The USB-6008 can supply up to 8.5 mA on a digital output line. Some Daq devices can only supply 4mA or less. For these devices, larger current limiting resistors must be used to prevent damage to the device. With the lower current, the LED will be dimmer, but it should still be possible to see when it lights up.

Solder the 10K NTC thermistor to the 10K reference resistor. Wire the free end of the thermistor to the +5V output of the Daq device. Wire the free end of the reference resistor to the Ground input of the Daq device. Wire the junction of the two resistors to the Analog Input 0 of the Daq device. Additional wire may need to be soldered to the resistors to reach the proper pins.

Connect the 1K load resistor between the Analog Output 0 pin and the Ground pin of the Daq device. Note that 1K is used since the 6008 can supply up to 5mA of current and 5V of Voltage on its analog outputs. At 5V, the 1K resistor limits the output current to 5mA. Some Daq devices can only supply 2mA or less. For these devices, you will need to use a larger load resistor to prevent damage to your device. However, with increased resistance, the power dissipated by the load resistor will drop from its already very small value, and you may not be able to detect a temperature change. This is a limitation due to the spec's of the Daq device in use as well as due to the very simple circuitry used in this demo. With additional circuitry, one could create a more powerful heater that could generate a more dramatic signal. This exercise is left up to the student.

Finally, to observe the temperature effect that the power dissipation will have on the load resistor, it is necessary to put the thermistor bead in close contact with the load resistor.

When these connections have been made, and the configuration has been verified as per the previous instructions, you are ready to run MICAS-X. Switch to the "Run Experiment" section and follow the instructions there.

**Run Experiment

After you have configured MICAS-X  and connected the hardware as per the previous instructions (including connecting the Daq device to your computer), run MICAS-X (or restart MICAS-X if you were running the Configuration Editor inside of the program). Also make sure that the load resistor is in good contact with the thermistor. When it starts, it will open to the Document Display tab showing this document.

Switch to the Control tab. Here, you will see a graph of the measured temperature in Degrees C, as well as various controls and a table of data values. You can turn the Green and Red LEDs on and off with the switches, to verify their operation. The V(out) voltage will start at 0. After a baseline temperature has been measured for a few minutes, change V(out) to 5V. Using a USB-6008 and the components recommended, the temperature will likely rise about 1 degree and stabilize at a new value. From the chart of this temperature rise, find a temperature value that is midway between the original low temperature and the final upper temperature, and enter that value in the "TrigTrh Over Temp" controller. Once you have tuned your system in this way, the LEDs will light up to indicate when the measured temperature is above (Red) or below (Green) the threshold. You can adjust the V(out) value to drive the temperature up and down around this threshold. When the V(out) value is non-zero, you can also observe in the table the calculated values of the Current and Power flowing through the resistor. Note that at full voltage (5V), the power is a mere 25mW, though even that is large enough to measure an effect on the load resistor.

Although the circuitry demonstrated here is quite simple, this configuration file shows many of the features available in MICAS-X. Now you can experiment with additional configuration options, such as creating Sequences to control the Temperature. See if you can edit the configuration file so that you have a sequence available on the Control tab which ramps the temperature up until it just reaches the threshold value, holds it there for one minute, then sets V(out) back to 0.

