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Executive Summary:
The goal of backend testing is to test the incoming data against a set standard baseline. The baseline will be established by testing the device in an ideal condition and noting the output value received. When a testing is performed, the input values will then be compared against those baseline values to see if it lies within the baseline value plus or minus a certain margin or error. If the input is outside the range, a message should be sent indicating the receipt of an abnormal value. Application of LabVIEW for backend processing is very common these days.
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1. Introduction
Back-end processing is very common in many applications these days. It eliminates the need to constantly keep on checking whether the data is out of range. LabVIEW is a program development application which uses graphical program language (G-code) instead of regular text programming. This makes LabVIEW more intuitive and easier to use for people who are unfamiliar with the concept of programming. Hence, creating and installing a back-end processing using LabVIEW makes the system more efficient as well as user friendly compared to using other programming languages.

2. Objective
The objective of this application note is twofold. First, this application note will familiarize the reader with the fundamentals of using LabVIEW. Second, it will demonstrate how to implement a very basic back-end processing using LabVIEW.

3. Fundamentals of LabVIEW
The two basic elements of any LabVIEW programming are front panel and block diagrams. Those two together make up the Virtual Instrument (VI) of LabVIEW. Figures 1 and 2 below shows the LabVIEW front panel and block diagram, respectively.
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Figure 1
LabVIEW Front Panel
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Figure 2
LabVIEW Block Diagram
Front panel is the VI user interface. As shown in Figure 1 above, the users have access to Controls palette with command buttons and status indicators. Command buttons and status indicators serve as the input and output terminals of VI, respectively. Command buttons include numeric controls, buttons and switches whereas status indicators include LEDs, text indicators and graph indicators.
After placing necessary buttons and indicators on the front panel, the programming is done on the block diagram. All of the buttons and indicators placed on the front panel will be shown in the block diagram. Using the Functions palette as shown in Figure 2, the users have access to various programming structures including while loop, for loop, case structures as well as arithmetic and statistical functions.
4. Implementation 
In this section, a simple back-end processing program to monitor the temperature will be created. This application is actually a scaled-down version of the tempsys.llb available in LabVIEW folder. The steps below list important steps towards creating such an application:
Step 1:
Open a blank VI.

Step 2: Brainstorm what controls and indicators are necessary for the successful implementation of the program. Those buttons are accessible via the Controls palette in Front Panel.
Control buttons:  For our application, we need four control buttons—one to set the sampling period and the other two to set the highest and lowest baseline values. The fourth button is a switch that we can turn off if we want to stop taking measurements. Figures 3a and 3b shows the various types of numeric control and switches we have available to choose from, respectively.
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Figure 3a (left)

Numerical controls
Figure 3b (right)
Buttons and switches

Indicator buttons:  We need four indicators for this application. One indicator is thermometer to visually display the temperature; another indicator is a waveform graph to plot the incoming temperature along with the set baseline ranges; the two remaining indicators are boolean indicators—one to indicate  if the temperature goes above the baseline range and another to indicate if the temperature goes below the baseline range. Figures 4a and 4b shows the various types of boolean and numeric indicators available. 
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Figure 4a (left)

Boolean indicators
Figure 4b (right)
Numeric indicators

Step 3: After putting all of the elements necessary in the Front panel, the next step is to edit the default values in the controls and indicators to desired values. This is done by right-clicking the icon, which then allows us to change the values. For example, in our application, we would want the temperature to display values from 70 to 90 degrees. The default value is from 0 to 100 degrees. Thus, we right-click on the temperature icon; click on Properties; click on Scale tab and set the minimum value to be 70 and maximum to be 90.

 Step 4: We are now mostly done working with the front panel now. However, for our application, we should create two VIs to be used as a subVIs. A subVI is a VI that is being used in a block diagram of another VI. The subVIs we need has already been created in LabVIEW and is titled “Temperature Status” and “Simulated Temperature”. Figures 5a and 5b shows the front panel and block diagram of “Temperature Status”, respectively. Figures 6a and 6b shows the front panel and block diagram of “Simulated Temperature”, respectively. “Simulated Temperature” simulates temperature in the range of low to high 80s. “Temperature Status” allows us to set the lower and higher limit of baseline values as well as inform us if the temperature is outside the range. 
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Figure 5a
Front panel of subVI “Temperature Status”
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Figure 5b
Block diagram of subVI “Temperature Status”
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Figure 6a
Front panel of subVI “Simulated Temperature”
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Figure 6b
Block diagram of subVI “Simulated Temperature”

Step 5: As mentioned above, block diagram is where programming is done. All of the icons that we put in the Front panel show up in the block diagram panel. Figures 7 and 8 show what our front panel and block diagram current looks like.
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Figure 7
Front panel of back-end processing application (Step 5)
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Figure 8
Block diagram of back-end processing application (Step 5)

Step 6: Similar to Controls palette for Front panel, block diagram panel has Functions palette. Functions palette includes various types of loops as well as mathematical and statistical functions. For our application, first we need a while loop since we want our code to run continuously. Figure 9 below shows how we can select while loop from the Functions palette.
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Figure 9
Selecting while loop from functions palette

Step 7: Once the while loop is selected, the cursor will make a while loop box. This box should be extended to fill the entire block diagram panel since everything we want to execute will be inside of this loop.

Step 8: Next, we need to create a For loop inside of the while loop. For loop can be accessed by choosing the Programming option in Function palette and then clicking the Structures button. Most of our programming will take place inside the For loop, so we need to make the for loop quite spacious as well. 

Step 9: At this point, we need both of the subVIs discussed in Step 4 above. The subVIs are added (individually) by right clicking on the block diagram, selecting “Select a VI” an then choosing the appropriate subVI needed. The subVI will show up as an icon in the block diagram. Figure 10 below shows what the block diagram looks so far.
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Figure 10
Block Diagram as of Step 9. 

 Step 10: With all of the controls, indicators, and loops in place, programming begins. Figure 11 shows what the block diagram looks like after the completion of programming. Detailed description will follow after Figure 11.
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Figure 11
Block diagram of temperature back-end processing
Programming Explanation:

Once we create a For loop inside the while loop, we need to have a loop count wired to N-terminal, which is an array input with auto-indexing enabled. This is to inform the loop how many times to iterate. Here, we set the loop count to 10.

Here we create a multiplier to multiply the period we set by 1000 and send it to what is known as “Wait Until Next ms Multiple”. This function waits until the millisecond timer value equals a multiple of the specified millisecond multiple (input). In our case, the millisecond multiple is user specified period times 1000. This function is usually used as a While loop timing control to avoid LabVIEW from using too much of the processor.

The subVI “Simulated Temperature” sends the data to the slide to be displayed in front panel, as a slide and as a waveform graph. This value, along with the highest and lowest baseline value user sets serve as the three input of the subVI “Temperature Status”. The output of the “Temperature Status” is then to display the message if the value of exceeds or is below the range.

The while loop is set to “Continue if True”. This means that the loop will continue on until the user turns off the acquisition switch in the front panel.

Figure 12 shows several snapshots of the back-end processing in action. 


Figure 12a
Front panel of the back-end processing application

Here, the acquisition switch is on, period is set to 0.05 sec and the lower limit and higher limit set to 75 degrees and 85 degrees, respectively. On the waveform graph, the red line is the high limit, blue limit is the low limit and the yellow line is the temperature curve. Since at the time of the snapshot, the yellow line is between the blue and red line, no warning message is displayed.
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Figure 12b
Front panel of the back-end processing application

Same scenario as Figure 12a above; however, the lower limit is now set to 82 degrees. At the time of the snapshot, the temperature is lower than the low limit; thus a message “UNDER TEMP” is displayed on screen.
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Figure 12c
Front panel of the back-end processing application

In Figure 12c, at the time of the snapshot, the temperature is higher than the high limit. This prompted our program to flash “OVER TEMP” message on the screen.

5. Conclusion

LabVIEW is a very useful programming skill for any engineers to be acquainted with. It is being increasingly used in academia as well as in industries. The back-end processing discussed in this paper is just one mere example of the vast number of application LabVIEW is being used for. LabVIEW is visually appealing and much more user-friendly compared to most other programming languages. LabVIEW is designed to be compatible with most hardware. The creators of LabVIEW has put in much effort to ensure that most of the products can communicate with LabVIEW straight out of the box without need any additional hardware or software support.
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Asking the while loop to continue until acquisition is turned on.
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