LEGO NXT LabVIEW

Hands-on Lab 2:

LabVIEW – Virtual Power Supply and Voltmeter

Creating virtual instrumentation is the underlying strength of LabVIEW.  One can easily create PC-based equipment like power supplies, function generators, data acquisition units and oscilloscopes.  This requires interfacing one’s PC with peripherals that can input and/or output analog and/or digital signals.  This lab demonstrates that the LEGO NXT can serve as such a peripheral.

Concept 1: Virtual Adjustable Power Supply (Analog Voltage Output)

Step 1: Create Front Panel

Open LabVIEW, File – Save All with nxtLabviewVirtualPowerSupply1.0.vi.  In your front panel, add a knob from the Controls Palette as seen in Figure 1A.  Change default settings of the knob by right clicking it and selecting Properties (Figure 1B).  
 (
Figure 1B:
 Right click the knob and select 
Properties
) (
Figure 1A:
 Select knob from the Control Palette and drag into the front panel
)

















 

Select Scale so that the maximum value is 5 (Figure 1C).  You will eventually use the NXT Mindstorms brick to generate analog voltages.  The brick uses six 1.5 Volt batteries.  So the brick can deliver 6 Volts maximum, but you’ll limit it to 5 Volts.
 (
Figure 1D:
 Completed Front Panel
) (
Figure 1C:
 Select
 
Scale
 to change range
)












Complete your front panel with a numeric indicator and stop button (Figure 1D).  Double-click on any empty space on the front panel, to add text (e.g. Virtual Power Supply).  One can also change the front panel color (View – Tools Palette, Select the paint brush and color, and click on the front panel to fill it with that color).

Step 2: Create Block Diagram

Surround components with a While loop in your block diagram (recall: View – Functions Palette – Programming – Structures) as seen in Figure 1E.  Complete component wiring as seen in Figure 1F (left).  Commenting is very important in programs.  Use the Tools – Edit Text tool to add text in your Block Diagram.  
 (
Figure 1E:
 Completed block diagram shows 
While
 loop surrounding components
)


















Click Run on the front panel and adjust the knob.  As seen in Figure 1F (right) the digital value of the knob is displayed in the numeric indicator box.

 (
Figure 1F:
 Completed block diagram (left).  Test by hitting Run and adjusting knob (right)
)





















Step 3: Adding LEGO NXT components

As mentioned in the beginning of this lab, peripherals (physical devices that connect to a computer) are needed to input and/or output analog and/or digital signals.  The NXT Mindstorms brick will serve as such a peripheral.

Add a Power control into the While structure of your block diagram.  Click View – Functions Palette and select I/O and then Move Motors as seen in Figure 1G.

 (
Figure 1G:
 The 
Power
 control was inserted into the 
While
 structure by selecting 
Move Motors
 from the Functions palette.
)























Hover your mouse near the top of the Power component.  Right clicking will allow you to select “Create Constant” (Figure 1H).  This adds an input to top of the Power control (Figure 1I).  Right click on the created constant and select Configure (Figure 1I).

 (
Figure 1I:
 Right click the created constant and select 
Configure
.
) (
Figure 1H:
 Select 
Create Constant
 by hovering your mouse and right-clicking over the
 top of
 
Power
 com
p
onent
)

















After clicking Configure, the Schematic Editor is launched as seen in Figure 1J (left).  One can now configure the various ports on the NXT brick.  Click on the arrow for Port B and select NXT Motor.  Under the Name field box, enter “Analog Voltage Out” to label Port B.  Click on the arrow for Port A and chose “Open Port”.  Repeat this for Port C.  Make sure your brick is configured as seen in Figure 1J (right) and click Save and then Close.
 (
Figure 1J:
 Schematic Editor (left) depicts the 3 motor (analog out) and 4 sensor (analog in) ports on an NXT brick.  Port B is selected as a motor port with the name “Analog Voltage Out” (right).
)















The Schematic Editor will close and return you to your block diagram.  Right click your created constant and select “Analog Voltage Out”.  Recall, this was the label you gave for Port B above.  This will result in Figure 1K.
 (
Figure 1K:
 Right-clicking the constant box allows on to select “Analog Voltage Out” (left).  This then labels the constant accordingly (right).
)
















Lastly, complete wiring of the components as seen in Figure 1L.  
 (
Figure 1L:
 Final wiring for block diagram
)












Step 4: Breadboard connections and testing

The NXT Brick’s Ports A, B, and C can be programmed as an adjustable power source.  The cable has the pin-out shown in Figure 1M.
 (
Figure 1M:
 A standard NXT cable consists of 6 colored wires.  When this cable is plugged into the brick’s output port, and then each wire has the function given in the right-most column.
)

















Connect your NXT Brick and PC with a USB cable and power on the Brick.  Next, insert the NXT adapter into the breadboard.  Connect the Brick’s Port B and NXT adapter with an NXT cable as seen in Figure 1N (left).  This NXT adapter provides easy access to the 6 colored wires of the NXT cable and Port.  Figure 1N (right) shows a white and black jumper wire connected to Pins 1 and 2 respectively.  The wires are then connected to a voltmeter.  The table in Figure 1M shows that Pins 1 and 2 serve as Motor Power 1 and Motor Power 2 when connected to an output port (like Port B).
 (
Figure 1N:
 Breadboard connections (left) and NXT adapter close up (right)
)

























Executing the program, with the knob about half-way (e.g. 2.5), one sees that the voltmeter (in Figure 1M) only generates 0.23 Volts.  With the knob fully clockwise (e.g. 5), the voltmeter displays only 0.44 Volts.  These values will depend on the value (i.e. freshness) of your NXT Brick’s batteries.
 (
Figure 1M:
 Running the program and setting the knob about halfway (left) results in only 0.23 Volts on the voltmeter (right)
)





















This is to be expected.  This is because the Power control element in the block diagram expects an input in terms of percentage power.  In other words, an input of 100 means 100% power.  100% power depends on voltage-level of the NXT’s batteries.  Thus, one needs scaling.

Step 5: Add scaling factor

Figure 1N shows a scaling factor added to the block diagram and consequential wiring.  This scale factor uses the fact that a knob value of 2.7 resulted in only 0.23 Volts.  Thus, this ratio was used to multiple the knob value which then inputs into the Power component.

 (
Figure 1N:
 A multiply component was inserted into the block diagram to scale power
)



















Clicking run shows the expected and desired results as shown in Figure 1O.
 (
As
Figure 1O:
 Voltmeter (right) displaying desired knob value (left)
)





































 (
Congratulations!  You created your first virtual instrumentation, a 5V power supply
)






Exercise 1: In LabVIEW create programs for the following:

1-1. A virtual power supply ranging from –5 to +5 Volts.  Connect NXT motor to see effect. 
1-2. Display the output voltage on a waveform chart (select Graph Inds – Chart)





Concept 2: Virtual Voltmeter (analog voltage input)

The PCI-6025E has 8 differential channels to acquire analog voltages.  Constructing a virtual voltmeter only requires one differential channel.

Step 1: Create the front panel and block diagram given in Figures 1A and 1B respectively.

 (
Figure 
0
A
: 
Virtual voltmeter front panel
Figure 2B: 
Virtual voltmeter block diagram
)

















In the lower left corner of the block diagram is a timer control.  Create this as follows: Right Click – All Functions – Time & Dialog – “Wait Until Next ms Multiple”.  The constant “100” sets the block to execute every 100 milliseconds.  

Step 2: Insert the DAQ Assistant control (Right mouse click – Input – DAQ Assist).  Double-clicking the DAQ Assistant control in the block diagram will invoke the configuration screen.  Choose Analog Input and select Voltage.  This will invoke the screen in Figure 3.  

Under the Terminal Configuration pull-down menu, select “Differential”.  The minimum and maximum voltages should be 0 and +10 Volts respectively.  Again, the NI-DAQ PCI-6025E card listed under “My Physical Channels”.  Choose a1 (analog channel 1).  

Choose the “Acquire Continuously” option with Samples to Read set at 100 and Rate of 1000 Hz.  The clock rate should read Internal.

Click OK to complete the configuration.



 (
Figure 3:
 DAQ Assistant configuration screen for a virtual voltmeter
)


































Step 3: Connect a real adjustable power supply’s positive lead (red) to screw terminal screw terminal 5 (AI 1) and the negative lead (black) to screw terminal 6 (AI 9).  Run the VI and observe the meter’s needle display the voltage.
 (
Exercise 2:
On one computer run the virtual power supply (from Concept 1).  Wire the analog output voltage to your computer that runs the virtual voltmeter.
)

Concept 3: Virtual Data Recorder (File input/output) 

The data acquired can be stored to a hard disk file.  As such, the virtual voltmeter in Concept 2 can be adapted into a virtual data recorder.

Step 1: A very simple front panel is needed because all acquired data will be recorded into a file on your hard drive.  This file will be read and plotted with Excel.  Create the front panel shown in Figure 4A.  Use a while-loop control to create the block diagram (Figure 4B).

 (
Figure 4B: 
Data Recorder block diagram
) (
Figure 4A:
 Data Recorder front panel
)




























The constant “25” associated with the timer sets the while-loop to execute every 25 milliseconds.  A shift register variable that increments by 1 every iteration, is multiplied by 0.025 and is displayed in the front panel indicator labeled “Seconds Elapsed”.

Step 2: Insert the DAQ Assistant control (Right mouse click – Input – DAQ Assist).  Double-clicking the DAQ Assistant control in the block diagram will invoke the configuration screen.  This time choose Analog Input and select Voltage.  This will invoke the screen in Figure 4.  Under the Terminal Configuration pull-down menu, select “Differential”.  The minimum and maximum voltages should be –10 and +10 Volts respectively.  Again, one should see the NI-DAQ PCI-6025E card listed under “My Physical Channels”.  Choose a1 (analog channel 1).  Click OK to complete the configuration.
 (
Figure 5:
 LabVIEW Measurement file (LVM) screen
) (
Figure 4:
 Choose a1 under My Physical Channels
)





















Step 3: Acquired data is saved to a file on the hard disk. In the block diagram: Right-click – Output – Write LVM.  Set your configuration screen to match the one given in Figure 5.
Chose a directory and file name (e.g. daqFile.lvm) to save acquired data.  Choose the “Overwrite File” option and make sure the “Tab” is the delimiter.

Step 4: Attach a sinusoidal function generator to screw terminals 5 (AI 1) and 6 (AI 9).  Set the function generator at 200 Hz with a +5 Volt amplitude.  Run your program for about 5 seconds.  
The file daqFile.lvm should be in the directory you choose in Step 3.  Open the data file with Excel.  There are two columns, the leftmost is the elapsed time at every 0.025 seconds and the rightmost is the acquired voltage value.  Plot the data to see the sine wave.  

 (
Exercise 3:
 What are the differences in the timer configurations used in Concepts 2 and 3?
 Eyeball the period and frequency of the Excel data plot.  What are there values? 
 Set the frequency to 80 Hz, acquire and plot the data.  Explain the results.
 Set the frequency to 60 Hz, acquire and plot the data.  Explain the results.
 In LabVIEW write a program that can correctly read a signal with a 40 Hz period
)




© Copyright Paul Oh
image3.png
43 virtualPowerSupply-10 Front Panel *
File Edt View Operate Tools Window Help By
[> ]3] @[] [15pt Appication Font [~ [-, [PHIH="1
Virtual Power Supply
DC Voltage Out Toos 5]
2253
s Digital Disply % - |
1 o 1y [AL
05~ [l
o Clickto Quit OoEl B

.

Msin Appicston Instance] «





image4.png
48 Knob Properties: DC Voltage Out

Appearance | Data Type | DataEntry | Scole | Display Format | TextLabel «|»

Scale syle
] I Mojrtick coler 0 inverted
sl | Minortick color 1 Logarthmic
I Marker text color 1 Show color ramp.
Interpolte color
ScaleRange
Minimum
o
Modimum

1





image5.png
13 alabviewVirualPowerSupply-L0vi Bock Diagram (=2 2 [
e it Vo GpesteToVinion_ s =

Click to Quit





image6.png
File Edit View Operate Tools Window Help

[>[=]cn] o[ 2|15t Applicati < 1| D

File Edit View Operate Tools Window Help

[ [®] @[] [15pt Appication Fort I~ |- [

[FILE: nxtVirtualPowerSupplyLOi
|AUTH: P.OR

6/19/18 10:38

: Simple virtual power suppl;

Digital Display

DC Voltage Out

Click to Quit

[Main Application Instance «

Virtual Power Supply

DC Voltage Out

2253
15 30 3s Digital Display
1 = 0.66993¢
05- ~45

o’ 5 Clickto Quit

[Main Application Instance] «





image7.png
4B mlabviewVirtulPowerSupply-LLyi Block Diagram * | B e

Fie Edit View Operate Tools Window Help

[>l/eMm][@]

g [l s3]

wal |+ |[15pt Application Font |- | S~ |

[FILE meVirtusPowerSupphd 0
laUTH: P.On e ns o]
IDATE: 06/19/18 10:38 Qsearch | & Customizer |
[DESC: 1.0:Simple vitual power supply =0 !
|¥ MINDSTORMS Robotics
Lvo

Digital Display

Click to Quit

< || =4

[Main Application Instance « i





image8.png
B mlabviewVitusPoverSupply-LviBlock Diagram* =]

T
[ B s ][9]

[ & @[] [@][25] v = -2 |[15pt Application Font |~ |[fo~

[FILE: mtVirtualPowersupphyL 031
|AUTH: P.Oh
[DATE: 06/19/18 1038

IDESC: 1.0: Simple virtual power supply

Digital Display

R
L Visible lems »
L= 1
Help
Oi el Click to Quit
Description and Tip.
Breakpoint » | [

Replace »
NXT Motor1

[Main Application Instance «





image9.png
3 nxtLabuiewVirtualPowerSupply-1.1vi Block Diagram * _ (annl=

File Edt View Operste Tools Window Help

g [l s3]

Bxamples.
Breakpoint »
O Palette »
Numeric Palette )

Click to Quit

[Main Application Instance ¢

m





image10.png
H]





image11.png
48 Schematic Editor

Sae  [83Cose | P Schematic Diagram: Allows youto specify and then test your robot setup.

NXT

Battery
Connection

Free Space (KB)

Fimware Ver.

Play Tone,

T motor1 | b

I wotorports | 1

aw





image12.png
B mlabviewVitusPoverSupply-LviBlock Diagram* =]

Fie Edit View Operate Tools Window Help

[#= Om][g]

0 @ |2 | 15pt Application Font |+ (S~

e = TN

[FILE: mtVirtualPowersupphyL 031
|AUTH: P.Oh
[DATE: 06/19/18 1038

IDESC: 1.0: Simple virtual power supply

Digital Display

—m Visible Items
Help

Bxamples.

Click to Quit

[Main Application Instance «





image13.png
4B mlabviewVirtulPowerSupply-LLyi Block Diagram *

Fie Edit View Operate Tools Window Help

[>l/eMm][@]

[wa @ -] [15pt Application Font |~ | S |[ia= | (65~ [al][+] search L || @t

[FILE: mtVirtualPowersupphyL 031
|AUTH: P.Oh
[DATE: 06/19/18 1038

IDESC: 1.0: Simple virtual power supply

Digital Display

fi25]
oC vm% out

Click to Quit

[Main Application Instance « i





image14.png
1 nlabviewViruaPonerSupply-Lvi Bock Diagram L= B}

Fie Edit View Operate Tools Window Help

[>[] O[] [@][e5] fsal] - 150t Appiation ont |- |[[-% [ 2|

[FILE: mtVirtualPowersupphyL 031
|AUTH: P.Oh
[DATE: 06/19/18 1038

IDESC: 1.0: Simple virtual power supply

Digital Display

Click to Quit

[Main Application Instance « i

I





image15.jpeg
Pin | Name/Color Input Role Output Role

1 [anaqwhimg Analog interface | Motor Power1

2 [ono(auack) Ground Motor Power2

3 |G (eD) Ground Ground

4| PwR (cReeN) 4.3V supply 4.3V supply
DIGIO (YELLOW) | 12 clock Encoder signal1

6 | oiGn (swe) 12cdata Encoder Signal2





image16.png




image17.png
’&a o=
\ “@
Motor Pwr 2

Pin 1 (WHT)
Motor Pwr 1




image18.png
. SNV “,&
¢ %_%
- ¢





image19.png
43 ndtLabiewVirtualPowerSupply-11vi

File Edit View Operate

Tools Window Help

[®[n]

DC Voltage Out
2253
15 3l 35

Virtual Power Supply

Digital Display
269651

Clickto Quit

.

Misin Apphicston Instance] «





image20.png
43 rtLabviewVirtualPowerSupply-11vi Block Diagram *

Fie Edit View Operate Tools Window Help

ba| @ o

[FILE: mtVirtualPowersupphyL 031
|AUTH: P.Oh
[DATE: 06/19/18 1038

IDESC: 1.0: Simple virtual power supply

Digital Display

Click to Quit

m ApplcatonTnstonce < |

[





image21.png
] ) )

43 ntLabviewVirtualPowerSupply-1.

Fie €6t Viev Opete Too Window Hygy
?
Virtual Power Supply
DC Voltage Out
2253
155502 3 Digital Display
o N 163735
05~ 45
0’ s Click to Quit
[Mein Application Instance] < D





image22.png




image23.png
(2] B
Fie B Vo opeme 1o Vi Hpgr]

[®[n] ?

43 ntLabviewVirtualPowerSupply-1.

Virtual Power Supply

DC Voltage Out
2253
15 500 3s Digital Display
1 -4 5
05~ ~45
o s Clickto Quit

[Main Application Instance] « ’





image24.png




image25.png
gra o [=] E3

Fle Edt Operate Took Browse Window telp

S]] O[] [ oalP]o [ 130t Applcstion Fort._| -

[Description: voltags acquired on analog chanmel 1 1s displayed on the panels meter
lsatus: WORKS
lpate: 12/07/04

1[5

DAQ Assistant o
o L
- Iz
Power]
S

IM%Q

[Beugerk Eatin «| |





image26.png
~=lolx|

Fle Edt Operate Took Browse Window telp

[]] 1] [ oal ] 3 | [ 136t ApplcationFore.__|

1[5

[FILE: dag1 O
IDATE: 12]13j04
lauTH: P.0R

ISTAT: vorks

IDESC: Acqure data (diferential) on Analog ch. 1 - Pin' (+) and Pin 6 (Gnd) every 25 millseconds;

[Boconds Elspsed]

DAQ Assistant

irke LabVIEW
Measurement
Fie

Sans

data
Srror o
Easkout
stop (1)

it e e s Ml

B

b Comment

b Enable

ertor in (uo error)

b Fie ame.

ermorou_)

il e Ot |

Saving Dotz |

op]





image27.png
Pa o [=] E3

Fle Edt Operate Took Browse Window Felp

(@ [an] [ t3pt Applcation Fort.__|~ ]

Seconds Hlapsed

0.0000





image28.png
> Configure Write LabVIEW Measurement

File name

[Write LabVIEW Measurement

[CinationalinstrumentstpaulOhidagfle hn

—Action

& Savetaonefie
I sk user to choose file
& askorly once.
€ ask sach teration
 Ifafile already exists
£ Rensme existing e
£ Use next avallble il name:
£ append tofile

& Overwite il

[~ Segment Headers
£ One header per segment
£ One header arly
Mo headers

| X Value Columns.

4 one column per channel
£ ne column anly

€ Empy time column

[~ Delimiter

£ Save ta series of s (multile iks)

& Tab

Settings.  comma

[~ File Description





image29.png
Terminal Corfiguration
Dfferentil <]

app 2
Unds g Test Shon Help
Analog Input Voltage Task
Channel List
[ e setens |
Input Range
1
x| 10 [ vos 5] v T |
) — | 7

5 Change Physical Channels

Current Physical Channel
pevt/ait

My Physical Channels

Citon
=

B TaskTinng | fL_ Tesk Triggering |

£ Devl (PCL6025E)

@ Acquire 1 Sample
€ Acquire N Samples. el U
€ Acquire Continuously 1000.00 Rate (Hz)
Advanced Clock Settings
ChockType ActveEdge_ locksource

el =] | Reng 5] |





image1.png
3 virtualPowerSupply-LOVi Front Panel

Fie Edit View Operate Tools Window Help

] ©)[11] [5pt Application Font |~ | %o

Visible tems »
Find Terminal

Change to Indicator
Make Type Def.
Description and Tip.

Create
Replace

Data Operations
Advanced

Fit Control to Pane:
Scale Object with Pane:

[Moin Application s~ Representation >
Data Entry.
Display Format.

Add Needle
Scale »

Text Labels





image2.png
43 virtualPowerSupply-10i Front Panel S

Fie Edit View Operate Tools Window Help

[ [52] 0)[10] [15pt Applction Font |« |[Feo [ |5 |[69+] [seoen 2=

Controlz &

Qsearen | & costomie |

'~ MINDSTORMS Robotics. -

L Numeric

iz @
Numeric Co... NumericIndi..
o

Vertical il Vertical Poin..

"

Vertical Prog... Vertical Grad...

Horizontal Fi.. Horizontal P...

-

Horizontal Pr... Horizontal G...

pplication Instance] « y





