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Abstract

Automated test of magnetron modulators

Therése Skarstedt

ScandiNova Systems AB has a growing production of magnetron modulators. 
Before a modulator is sent to the customer it goes through a factory 
acceptance test ensuring that it meets the pre-defined requirements. 
Today these tests are done manually and therefor they vary in time and 
quality. In order to quality assure and streamline the process 
ScandiNova wants to minimise the manual handling of the units. 

This projects main focus has been to evaluate and initiate the 
possibility of automating SvandiNova’s factory acceptance test using 
LabVIEW. Early in the project the decision was made that focus would be 
on the part of the test called Performance test. The performance test 
consists of ten different tests where eight are performed with an 
oscilloscope and two with a multimeter. Only the eight preformed with 
an oscilloscope where included in the automation. 

A program that communicates with the oscilloscope through Ethernet has 
been created in LabVIEW. This program performs all eight tests taking 
measurements and saves the images of the pulses from the oscilloscope. 
Before every new measurement, the program will change the settings on 
the oscilloscope according to the user defined values. After a run of 
the program, the images will be saved to the user specified location on 
the computer and the measured values will be presented on the user 
interface.
 
The resulting program clearly shows the possibilities of this approach, 
and also demonstrates the flexibility and short development time 
needed.

ISRN UTH-INGUTB-EX-E-2016/06-SE
Examinator: Tomas Nyberg
Ämnesgranskare: Dragos Dancila
Handledare: Patrik Viklund



Sammanfattning 

Företaget ScandiNova Systems AB har en snabbt växande produktion av magnetron 
modulatorer. Innan en produkt skeppas till kunden genomgår den ett kvalifikationstest 
för att säkerställa att alla prestationskrav uppfylls. Dessa tester genomförs idag manuellt 
och varierar därför i utförande, tid och kvalitet. För att effektivisera testerna och 
samtidigt standardisera dem vill ScandiNova automatisera dem.  

Detta projekt har syftat till att titta på om automatisering med hjälp av LabVIEW är 
genomförbar och att påbörja denna automatisering. Tidigt i projektet togs beslutet att 
focus vid automatiseringen skulle ligga på en del av testerna som samlades under 
rubriken Performance test. Under denna rubrik samlas tio olika tester var av åtta togs 
med i automatiseringen. Dessa åtta tester utförs med hjälp av ett oscilloskop och det 
program som skapats ställer in och hämtar data från oscilloskopet.  

I LabVIEW har ett program skapats som kommunicerar med oscilloskopet genom 
Ethernet. Programmet genomför de åtta mätningarna och tar bilder av pulserna på 
oscilloskopets skärm. Innan varje ny mätning gör programmet nödvändiga ändringar av 
inställningarna på oscilloskopet, detta för att optimera kommande mätning. Värdena till 
dessa inställningar anges av operatören innan progamet körs. Efter avslutat program 
finns bilderna sparade i av operatören vald mapp på datorn och värden presenteras på 
programmets interface.  

Det färdiga programmet visar tydligt att en automatisering med LabVIEW är fullt 
möjlig. LabVIEW möjliggör en flexibel och tidseffektiv utvecklingsfas där kravet på 
tidigare programmeringskunskaper minskar.   
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Introductory 

This report describes the bachelor thesis project done at ScandiNova Systems AB in the 
autumn of 2016. The work has taken place at ScandiNova’s offices and they have 
provided knowledge on how their magnetron modulators work and are being tested. I 
will not specify anything not directly related to my work in this report due to 
confidentiality of the technology.  

I want to direct a special thanks to Patrik Viklund that has been my mentor in this 
project. I also want to thank everyone working at ScandiNova for their enthusiasm for 
the project and willingness to answer all my questions.  

Uppsala, deceber 2016 
Therése Skarstedt 
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1. Introduction 
 

1.1 Background 

ScandiNova Systems AB is an Uppsala based company that develops and produces 
pulsed power products with solid state technology. Among other systems ScandiNova 
produces a series of magnetron based RF systems mostly used in radiotherapy and 
industrial applications. 

In 2015 their yearly production of magnetron modulators reached a quantity of 53 units 
per year. The production is expected to increase to a 100 in 2017 and by 2020 they 
expect a production rate of 400 magnetron modulators per year. This rapid increase in 
production means a higher demand on the performance and routines in the production 
line. In order to assure quality and streamline the process of units going through the test 
division ScandiNova aims to minimise the manual handling of units and tests. Today 
the test results varies from unit to unit due to the fact that these tests are performed 
manually with oscilloscopes and multimeters. 

After assembly and before shipment the units go through a factory acceptant test (FAT). 
The purpose of these tests are to verify that the unit meet the specified performance, that 
all interlocks work properly and that there have not been any mistakes during the 
assembly process.   

1.2 Ambition & purpose  

The main purpose of this project has been to evaluate and start the possibility of 
automating the FAT’s in ScandiNova’s production line. The FAT report includes five 
main headlines focusing on different parts of the test. In discussion with ScandiNova, 
the decision was made that focus during this project would be on headline 4.2 
Performance test. The automation would be accomplished with a LabVIEW based 
program based on the existing FAT protocols. The generated data was to be collected 
and saved for documentation purposes. 

The performance tests are performed with an oscilloscope and a multimeter, and the 
scope of the project has been on the oscilloscope tests. The test measurements and 
graphs from the oscilloscope were to be saved to the computer for use in test reports. 

The performance test consists of the following 10 tests 

1. Output to magnetron pulse voltage [kV] 
This is a measurement of the voltage amplitude going from the magnetron 
modulator to the magnetron. Measurement and image shall be saved.  
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2. Output to magnetron current [A] 
This is a measurement of the current amplitude going from the magnetron 
modulator to the magnetron. Measurement and image shall be saved. 

3. Peak power to magnetron max [MW] 
This is a calculation done by multiplying the results from test 1 and 2.  

4. Average power to magnetron max [kW] 
Here the frequency needed to acquire a specified power is calculated using the 
previously calculated peak power and a measure of the pulse width.  

5. Pulse top flatness (dV) [±%] within 5.0 µs 
The pulse top flatness is measured within a pre-defined range centred at the 
centre of the pulse top. Measurement and image shall be saved.  

6. Pulse repetition frequency [pps] 
The pulse repetition frequency is measured to confirmed that the frequency used 
when pulsing.  

7. Puls length (top) [µs] 
Measures the width of the pulse at the top. Measurement and image shall be 
saved. 

8. Rate of rise [kV/µs] Measured at 80% of peak voltage 
The rate of rise is calculated by dividing the voltage between 70% and 90% of 
the pulse with the µs it takes the pulse to fall from 70% to 90%. Measurement 
and image shall be saved. 

9. Magnetron filament DC current [A] 

10. Magnetron filament DC voltage [V] 

where point 1-8 is performed with an oscilloscope and 9-10 with a multimeter.  

2. Hardware and technology 

2.1 Pulse generator 

A pulse generator is an electronic piece of equipment used to generate rectangular 
pulses. In this project a TGP110 was used. It is capable of generating both a double 
pulse and delayed pulse, and works within the range 0.1-1MHz. [1] 
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2.2 Oscilloscope 

When testing the magnetron modulators a RIGOL DS4024 oscilloscope is used. The 
decision to use this specific oscilloscope was made in advance by ScandiNova. This 
comes with a set of built in functions for taking different measurements both vertically 
and horizontally. By using the programing manual belonging to the DS4024 the 
appropriate commands for these built in measurements could be called from the 
program. [2][3] 

3. LabVIEW 
LabVIEW stands for Laboratory Virtual Instrument Engineering Workbench and is a 
graphical programing environment. It is specially built to take measurements, analyse 
data and present results to the user. This makes it extra suitable for building signal 
processing applications. [4] 

Functions in LabVIEW are represented by graphical blocks instead of lines of text as in 
normal programing languages such as Java or C. The data flow is controlled by 
connecting functional nodes with wires, making it possible for several operations to 
execute at the same time. A function will not execute until all of its input data has been 
defined. [4] 

LabVIEW supports the industry standard communication VISA API and includes a NI-
VISA library. Programs developed with VISA are bus independent and supports 
communication with interfaces such as GPIB, Ethernet and USB. Each connected 
device is considered a VISA recourse and when writing commands to the device the 
VISA open function has to be called and given the VISA recourse name. [5][6] 

The example application in Figure 1 communicates with an instrument through GPIB. 
First the communications channel is opened using a VISA resource and then the 
command “*IND?\n” is sent using VISA Write. The resulting answer of the command 
is read back and finally the session is closed, handling any error that might have 
occurred. This format is the same for Ethernet, USB or when coding in a different 
language such as C. [5] 

 

Figure 1, example of a VISA application 
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3.1 Error handling 

Errors in LabView are being passed on from function to function and are easily handled 
by adding an error handling function at the end. In Figure 1 the error is the wire 
connecting the functions at the bottom of the box representation and Figure 1in the end 
an error handling function is called. There are several error handling functions to choose 
from and most of them presents the error in text form to the user on the interface or as a 
dialog box.  

3.2 Frequently used functions 

In the figures below the input signals are seen to the left and the output signals to the 
right.  

3.2.1 VISA Write 

 

Figure 2, VIRA Write function 

 “VISA Write” is used to send a command to the desired hardware, in this case an 
oscilloscope. The commands are written to the “write buffer” and the function will 
return the actual number of bytes written.  

3.2.2 VISA Read 

 

Figure 3, VISA Read function 

“VISA Read” reads the specified number of bytes, input signal “byte count”, from the 
device and return the data in the output signal “read buffer”. This function is used in 
combination with the function “VISA Write”, see figure xx. 

3.2.3 Pick Line 

 

Figure 4, Pick Line function 

A string is appended by a single line from a multi-line string specified by the line index. 



7 
 

3.2.4 Format Into String 

 

Figure 5, Format Into String function 

The “Format into String” function formats other types of data, such as numeric or 
Boolean, into a string and appends that to an initial string thus creating the resulting 
string.  

4. System design 

4.1 Interface 

 

Figure 6, User interface 

The interface has not been in focus during this project due to the fact that further 
development of the program would render it useless, since most values would instead be 
read from a configurations file. 
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As is, the interface consists of one box at the top containing three fields for the user to 
fill in. VISA resource name is the VISA address to the device in the format of 
TCPIP::xxx::INSTR, where xxx is to be replaced with the IP-address. In the field 
“Project name” the user is to fill in the project name of the unit being tested and in 
“Path” the user needs to fill in the folder path to where the images are to be stored. See 
Figure 6. 

There is a tab control on the interface containing eight tabs. On the first tab the user 
needs to fill in a series of settings related to the test. This is the default tab and will be 
the first tab the user sees. The next six tabs present measured values and screenshots. 
The last tab consists of three error handlers presenting any errors that might have 
occurred during test.  

4.2 SubVI:s 

SuVI:s are smaller programs saved as a separate component to be used and re-used 
without too much repetition when creating bigger programs, similar to the already 
existing functions in LabVIEW. 

7 SubVIs were created and used in the main program of the project. 

4.2.1 SubVI Display Channel  

 

Figure 7, Display Channel subVI 

A subVI that turns the different channels on the oscilloscope on or off.  

   Input signals: 

   VISA Refnum in  VISA adress to the instrument 

   Error in   Errors from previous functions. 

   Chan.1 (Boolean)   If true channel 1 is on 
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   Chan.2 (Boolean)  If true channel 2 is on 

   Chan.3 (Boolean)  If true channel 3 is on 

   Chan4 (Boolean)  If true channel 4 is on 

   Output signals: 

   VISA Refnum out  VISA address to the instrument 

   Error out   Potential error 

The Boolean signal from each in signal is converted to a 1 or a 0 and used in the 
function “Format into String”. The purpose of this subVI is to turn on and off the 
different channels on the oscilloscope.  

4.2.2 SubVI Oscilloscope settings 

 

Figure 8, Oscilloscope settings subVI 

A subVI to configure settings related to the presentation of signals on the oscilloscope.  

   Input signals: 

   VISA Refnum in  VISA address to the instrument. 

   Error in   Errors from previous functions. 

   Channel (Integer)  The channel the settings are applying to. 

   Amplitude unit (Integer)  The unit of the measured signal. 

   Probe ratio (Floating-point) The probe attenuate. 
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   Scale vertical (Floating-point) Units per square, default being 1. 

   Offset vertical (Floating-point)  

   Time scale (Floating-point) The horizontal scale, µs per square. 

   Time delay offset (Floating-point) Compensation for the time delay. 

   Output signals: 

   VISA Refnum out  VISA address to the instrument. 

   Error out   Potential error. 

This subVI is used to scale the horizontal and vertical scale on the oscilloscope for each 
channel, as well as the offset on each scale. In addition it sets the amplitude unit and the 
probe ratio. It uses the function “Format Into String” several times to create a single 
string to send to the oscilloscope using the “VISA Write” function. When deciding an 
amplitude unit the function “Pick Line” is used.  

In order to give the oscilloscope time to implement the settings a “milliseconds to wait” 
clock is set to 1sec before the signals continue to the output.  

4.2.3 SubVI Read Measurement 

 

Figure 9, Resd Measurement subVI 

This subVI will ask the oscilloscope for a measurement and then read it back.  

   Input signals: 

   VISA Refnum in  VISA address to the instrument. 

   Error in   Errors from previous functions. 

   Channel (Integer)  The channel the settings are applying to. 

   Measurement function (Integer) Decides what measurement should be taken. 
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   Measurement type (Integer) Decides what type of … 

   Outout signals:  

   VISA Refnum out  VISA address to the instrument. 

   Error out   Potential error. 

   Measurement (Floating-point) Returns the value of the measurement. 

The section of code outside the while-loop is a combination of two “Pick Line” 
functions and two “Format Into String” functions. One “Pick Line” function decides 
what should be measured and the other picks the measurement type. The measurements 
to choose from are all measurements the oscilloscope can handle. The output signal 
from the “Pick Line” functions are sent into the two “Format Into String” functions. 
One of these tells the oscilloscope to take the measurement whiles the other sends is 
output signal into the while-loop.  

Inside the while-loop the signal from the second “Format Into String” function is sent to 
the oscilloscope and with a “VISA Read” function the answer is read back. If the 
oscilloscope does not have a measurement to send back it will answer with 9.9e37. This 
is why in the while loop the answer is compared to this and if it is not equal then the 
code will leave the while-loop. If it is equal it will read the measurement again and 
compare it again. If the answer is 9.9e37 after 10 iterations the code will leave the 
while-loop anyway. 

4.2.4 SubVI Screenshot 

 

Figure 10, Screenchot subVI 

Full image in appendix 

A subVI that takes a screenshot of what’s currently on the screen of the oscilloscope.  

   Input signals:  

   VISA Refnum in  VISA address to the instrument. 

   Error in   Errors from previous functions. 

   Path   The path to where the pictures are saved. 
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   Output signals: 

   VISA Refnum out  VISA address to the instrument. 

   Error out   Potential error. 

   Picture   An image of the screenshot.  

The command “:DISP:DATA?” is written to the oscilloscope asking it to return what’s 
currently on the screen. The “VISA Read” function returns the image as a string 
containing the required information. In order to draw an image from the acquired data 
the string is converted to an array of unsigned bytes. The array is then reversed and 
enters a for-loop. 

Inside the for-loop the array is sorted and each pixel is arranged in RBG-colours. The 
first function “Array Subset” sorts out one line of pixels at a time. The line of pixels is 
then reversed and divided into three subarrays, placing elements in the outputs 
successively. At this stage the three arrays represent the red, green and blue values for 
each pixel, stored as 8-bit integers. To draw them image these values need to be 
combined into a larger integer representing a single pixel. The integer is computed by 
adding the three values together, while bit-shifting the green and blue values 8 and 16 
bits to the left, multiplying with 256 (2^8) and 65536 (2^16) respectively. Each array 
that’s created in one loop of the for-loop is added together creating a two dimensional 
array at the exit of the for-loop. 

This 32-bit integer two dimensional array is then draw as a 2D-pixmap allowing it to be 
presented as an image to the user as well as saved to the computer as a JPEG-file.  



13 
 

4.2.5 SubVI Trigger settings  

 

Figure 11, Trigger Settings subVI 

A subVI that configures the settings for the trigger signal.  

   Input signals: 

   VISA Refnum in  VISA address to the instrument. 

   Error in   Errors from previous functions. 

   Mode (Integer)  Condition for trigging the signal. 

   Sweep (Integer)  Determine if and how the screen on the 
oscilloscope should be updated.   

   Source (Integer)   Where the trig-signal comes from.  

   Output signals: 

   VISA Refnum out  VISA address to the instrument. 

   Error out   Potential error. 

Using three “Pick Line” functions together with three “Format Into String” functions 
the “Trigger Settings” subVI decides the mode, the sweep and the source for the trigger.  

The mode of the trigger decides the condition for when to show a signal on the 
oscilloscope screen. Sweep works together with the mode condition deciding how the 
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screen will be updated. For example if the mode is set to slope and the sweep setting is 
set to norm, the oscilloscope would update every time the trigger senses a slope.  

The source condition decides where to read the trigging signal from.   

4.2.6 SubVI Measurement settings 

 

Figure 12, Measurement Settings subVI 

A subVI that sets the area in which to take measurements in, the entire screen or a 
desired width centred in the middle of the screen.  

   Input Signals: 

   VISA Refnum in  VISA address to the instrument. 

   Error in   Errors from previous functions. 

   Measure area (Integer) Sets the measurement area to screen or desired 
width.  

   Top flatness (Floating-point) µs to measure top flatness within.  

   Time Scale (Floating-point) Sets the time scale in µs.  

   Output signals: 

   VISA Refnum out  VISA address to the instrument. 

   Error out   Potential error. 

The oscilloscope has a built in function that lets you choose between ether taking 
measures on the entire screen or to place two vertical lines and measure between them. 
This is what the input signal “Measure area” decides. If the screen is chosen the case-
structure will run the false mode in which the signals only pass straight through the 
case-structure.  
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When cursor region is chosen the true case of the case-structure will run. The input 
signal “Top flatness within x(µs)” decides the width of the area to include. From this the 
placement of the two vertical lines is calculated in relation to the centre of the screen.  

4.2.7 SubVI Track cursors 

 

Figure 13, Track Cursor subVI 

Full image in appendix 

A subVI that calculates where 70% and 90% of the amplitude is and then places the 
horizontal cursors there with the vertical cursors set to tracking.  

   Input signals: 

   VISA Refnum in  VISA address to the instrument. 

   Error in   Errors from previous functions. 

   Channel (Integer)  Sets the channel to be measured.  

   Track axis (Integer)  Sets the axis that will be tracking (X/Y). 

   Cursor A (Integer) Sets the pixel position of the non-tracking 
cursor A. 

Cursor B (Integer) Sets the pixel position of the non-tracking 
cursor B.  

   Cursor ON/OFF (Boolean) Turns cursors on of off. 

   Output signals: 

   VISA Refnum out  VISA address to the instrument. 

   Error out   Potential error. 
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   Cursor A (Floating-point) The value of the tracking cursor A. 

   Cursor B (Floating-point) The value of the tracking cursor B. 

   Delta (Floating-point) The difference between non-tracking cursors A 
and B.  

The “Track cursor” subVI is built inside a case-structure, allowing the user to use the 
subVI as an off button for the cursors. When the Boolean input signal is false the 
command to turn the cursors off will be sent to the oscilloscope.  

After entering the outmost case-structure the input signals “Cursor A” and “Cursor B” 
will enter a series of case-structures where the outmost will have the input signal “Track 
axis” determining the true or false case. This structure of case-structures serve to keep 
the cursors within the limits of the screen, so that if a user enters a too high or too low 
number the program will round it to the closest acceptable number.  

The signals will then proceed to a series of “Pick Line” functions and “Format Into 
String” functions creating a string to be sent to the oscilloscope containing information 
on which axis to be tracked and the locations of the cursors. 

After this there are three for-loops each asking the oscilloscope for a different value, 
these work the same as in the subVI “read Measurement”. The first collects the location 
off the tracking cursor A, the second of the tracking cursor B and the last of the delta 
value between the non-tracking cursors.  

4.3 Overview of main program 

 

Figure 14, Overview of main program 

Full image in appendix 
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The entire program, consist of three for-loops with a “Flat Sequence Structure” in each. 
One for-loop only takes measurements of the CT-signal, one of the CVD-signal and the 
last for-loop measures both previously mentioned as well as the HV-probe. 

Semaphores are used in each structure to ensure only one communication is open with 
the oscilloscope at any given time. The first frame of each “Flat Sequence Structure” 
contains an “Acquire Semaphore” function locking all communications with the 
oscilloscope. The last frame in the same “flat Sequence Structure” contains a “Release 
Semaphore” function, releasing communications with the oscilloscope. The last frame 
also contains a true statement sending a signal to the for-loops end condition making the 
code exit the for-loop. 

Before the code will enter any for-loop there are a few functions initiating the program. 
“VISA Open” opens a session with the device connected and returns a session identifier 
used to call any other operations on the device. After opening communications there 
will be a reset command sent to the oscilloscope ensuring no previous settings interfere 
with the test. The trigger will be set to desired settings keeping these setting during the 
entire test and a semaphore reference is created.  

4.3.1 CVD-signal 

CVD stands for Capacitor Voltage Divider which is the output voltage from the 
magnetron modulator. 

This is the only for-loop without a milliseconds to wait clock, this ensures that the code 
in this loop will be executed before the other two loops.  

Apart from the first and the last frame of the flat sequence structure there are four 
frames in this structure. The first frame measures the “Output Voltage for Magnetron”, 
first enabling the second channel on the oscilloscope and applying the user defined 
settings before taking the measurement and saving a screenshot of the pulse. When 
entering the second frame the oscilloscope settings will be change to fit the 
measurement of “Pulse Flatness”. After this the “measurement settings” subVI is called 
changing the measurement area from the entire screen to the user specified width in µs. 
Then the maximum and the minimum values will be measured and from them the top 
flatness will be calculated in ±%. After this a screenshot will be taken and the 
measurement area will be set back to the entire screen. In the fourth frame the “Rate of 
Rise at 80%” is calculated. This is done by using the tracking cursor function on the 
oscilloscope. By calculating where the pixel position for 70% and 90% of the pulse 
amplitude are the non-tracking cursors can be placed there allowing the code to measure 
the µs between the two tracking cursors. This is the time it takes the pulse to get from 
70% to 90% of its amplitude.  Then the difference between the non-tracking cursors is 
divided with the measured µs and the result gives us the “Rate of Rise at 80%”. In the 
fourth frame the tracking cursors are turned off and the potential errors get handled 
before the cod leaves this loop.  
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4.3.2 CT-signal 

CT stands for Current transformer which is the output current from the magnetron 
modulator.  

This for-loop has a milliseconds to wait clock, set to 1 second, this means that the loop 
will only execute ones every second. The first and the last frame in the flat sequence 
structure contains the semaphore functions. Apart from these there are four frames.  

The first contains the measurement “Output Current for Magnetron”. In this frame the 
display of the oscilloscope is set to channel 1 and the user settings are implemented 
before the measurement is taken and a screenshot is saved. In the next frame the “Peak 
Power” is calculated using local variables of measured current and voltage. The third 
frame measures the pulse width and calculates the frequency required for “Average 
Power to magnetron”. Last the “Pulse Repetition Frequency” is measured before the 
semaphore releases and the code leaves the for-loop.  

4.3.3 CT-, CVD- and HV-signal 

HV stands for High Voltage and measures the voltage at the magnetron.  

Here there is only one frame apart from the ones containing semaphore functions. In 
this frame channels 1, 2 and 3 are enabled and user defined settings are applied to the 
oscilloscope. No measurement is taken only a screenshot containing all three signals 
showing the entire pulse length.  

5. Result 
A program has been created in LabVIEW. A run of the program goes through steps 1 to 
8 of the Performance Test. Step 4 “pulse repetition frequency” was not completed in 
time and will therefore show incomplete results. The other 7 steps work as intended. All 
images are saved to the user specified location on the computer as well as being 
presented to the user on the interface together with the required measurements.  

The program was tested with a magnetron modulator on three different occasions and 
worked as expected every time. During development the program has continuously been 
tested with a pulse generator creating desired pulses.  

Before running the program the user needs to fill in the following settings: 

� VISA resource name 
� Project name 
� Path 
� Measurement type 
� Measurement function CT 



19 
 

� Scale vertical CT 
� Offset CT 
� Time scale CT 
� Time delay offset CT 
� Average power to magnetron  
� Probe CT 
� Measurement function CVD 
� Scale vertical CVD 
� Offset CVD 
� Time scale CVD 
� Time delay offset CVD 
� Vertical scale top flatness CVD 
� Offset vertical top flatness CVD 
� Probe CVD 
� Scale vertical HVp 
� Offset vertical HVp 
� Time scale HVp 
� Time delay offset HVp 
� Probe HVp 

 
When the program has finished images of “Output voltage for magnetron”, “Output 
current for magnetron”, “Pulse flatness”, “Rate of rise at 80%” and “Pulse length” has 
been saved to the computer at the user specified location. An example of images saved 
can be seen in figures Figure 15-Figure 19. All measured and calculated values are 
presented to the user on the interface.  
 

 

Figure 15, Output Current for Magnetron 
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Figure 16, Output Voltage for Magnetron 

 

Figure 17, Pulse Flatness 
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Figure 18, Rate of rise at 80% 

 

Figure 19, Pulse Width 
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6. Discussion 
The choice to use subVI’s in the main code was made early during the development. 
They allow the developer to use the same set of code in different places without having 
to create it all over again. The code will also be more comprehensible both to the 
developer and potential future developers and users.  

During development the aim has been to create as versatile subVI’s as possible. This 
allows future developers to use the same subVI’s, for example to take different 
measurements or make different settings. This is the reason why in some places the 
“Pick Line” functions have been used when there might not have been needed for this 
particular project.  

The main program is created within three for-loops. This solution ensures that when the 
semaphore is released the next will automatically take over. Two of them has a 
millisecond to wait clock inside making sure they don’t update too often. This releases 
workspace in the CPU.   

If there was a need to execute these three sections of code in a specific order it would be 
much better to put them in a flat sequence or dependent on information from each other. 
The later uses the way LabVIEW works as a node based flow of programing. A 
function will not execute until all its input signals has been defined.  

When measuring the pulse repetition frequency the oscilloscope will return -9.9e37. 
This is because there is only one pulse showing on the oscilloscope and that is not 
enough to measure the frequency.  

6.1 Further development 

When continuing development, considerations if the program should be constructed 
with three for-loops must be done. There are pros and cons to this construction and as 
the program gets larger this construction might not be the best solution.  

When a test is done all measured values should be compared to predefine intervals 
generating a fail message if one or more are outside the intended interval. Allowing the 
user to rerun the test, or letting it pas, but adding a note to the saved measurements.  

The measured values should be exported to a database or saved in a text file. This could 
be done continually appending the information to an already existing file or at the end 
when all measurements have been taken creating a new file.  

All values that’s being set on the interface as well as the failsafe intervals could be read 
from a predefined configuration file. Making all tests uniformed allowing the units to be 
compared easier.  
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7. Conclusion 
The goal of the project was to evaluate and start automation of the factory acceptance 
tests using LabVIEW. The resulting program clearly shows the possibilities of this 
approach, and also demonstrates the flexibility and short development time needed. 
Such a program could easily be adapted to ScandiNova’s other products, saving many 
hours of manual labour. 
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Appendix A 

 
Figure 10, Screenchot subVI 
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Figure 13, Track Cursor subVI 

 
Part off Figure 14, Overview of main program. 

Initial part off the program. 
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Part off Figure 14Figure 14, Overview of main program. 
Output to magnetron voltage. 

 
Part off Figure 14, Overview of main program. 

Peak power & avrage power to magnetron. 



28 
 

 
Part off Figure 14, Overview of main program. 

Pulse repetition frequency.  

 
Part off Figure 14, Overview of main program. 

Output to magnetron voltage. 
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Part off Figure 14, Overview of main program. 

Top flatness.  

 
Part off Figure 14, Overview of main program. 

Rate off rise. 
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Part off Figure 14, Overview of main program. 

Pulse length.  


