LEGO NXT LabVIEW

Hands-on Lab:
LabVIEW – Simulink Testing
Previously, one captured both the step and free fall response of the LEGO Damped Compound Pendulum (DCP).  Using the logarithmic decrement equation and the DCP’s physical measurements, one calculated the damping ratio, coefficient of friction, and moment of inertia (Figure 1-1a).  Such system identification can now be used to determine the DCP (i.e. plant) transfer function.  Equipped with this transfer function, one can use simulation tools, like Simulink, for future controller design.
 (
Figure 1-1a
: DCP free body diagram (left) and both physically measured and calculated values (right)
 
Pendulum Length
0.265 [m]
Pivot to CG distance
0.1325 [m]
Mass of Pendulum 
0.0137 [kg]
Damping ratio
0.033
Natural frequency
7.32 [rad/s]
Moment of Inertia
0.00033 [
Coefficient of Friction
0.00016 [
]
Steady-state angle
 at 50% motor power
)[image: thrustTesterFbd012905]Concept 1: Calculating the DCP transfer function






 (
(1)
)A second-order system is characterized by the equation (1):


 (
(2)
)From the free body diagram, the motor-prop generates a torque.  Thus dynamic equilibrium is given by (2):



 (
(3a)
(3b)
)Linearizing (2) where for small, and matching coefficients in equations (1) and (2) reveals the following relationships



Taking the Laplace transform of (2) yields 
 (
Hence
(4)
)



 (
Figure 1-1b:
 Block diagram relating the motor power input
, to the DCP’s angle output 
)[image: ]In block diagram form, (4) looks like Figure 1-1b.  The torque  results from the thrust force applied to the DCP’s lever arm (i.e. the pendulum’s length).  This thrust is a result of a voltage applied to the motor-prop and prop size.  The NXT Brick creates this voltage using a power command (in units of %) ranging from 0 to 100.  Let  represent this motor power.





 (
(5)
)One could analytically use the prop’s dimensions (e.g. diameter, number of blades, and pitch) to calculate lift.  If can assumeandare linearly related and use a proportionality constant (motor gain) for the relationship as in (5)

 (
(
6
)
)To determine one can recognize that at dynamic equilibrium, when the DCP is at its steady-state angle, (2) becomes: 

 (
(7)
)In the previous lab, as shown in Figure 1-1a (last row of table), for a step input, yielded a .  Substituting this into (6) and (5) yields 


 (
Figure 1-1c
:
 Transfer function relating the motor input (as a percentage) and angle output (in radians)
)[image: ]Using the values from (7) and the table in Figure 1-1a, the resulting block diagram is given in Figure 1-1c.




 (
Exercise 
1
:
  
Redo the table in Figure 1-1a, using the values you observed and calculated
Using 1.1, calculate the motor gain 
Sketch Figure 1-1c, using and answers to 1.1 and 1.2
)



Concept 2: Simulink Testing
Simulink is Matlab’s graphical programming environment.  XCOS is the equivalent, for Scilab, a free open-source version.  Simulink and XCOS while not exactly the same, have very similar blocks.  For this concept, Simulink[footnoteRef:1] will be used. [1:  Matlab R2016a version was used for these notes] 

Step 1: Launch Matlab and Open Simulink
 (
Figure 2-1A:
 Matlab launch allows one to click on the Simulink icon, indicated by the red arrow (left).  This launches the 
Simulink Start Page
 (right)
 
)[image: M:\labviewCourseDevelopment\labview-07-SimulinkTesting\simulinkDcpInput-images\2-1a-MatlabLaunch.png][image: M:\labviewCourseDevelopment\labview-07-SimulinkTesting\simulinkDcpInput-images\2-1a-SimulinkLaunch.png]In Matlab R2016, launching the program will reveal the opening screen (Figure 2-1A left) and clicking the Simulink icon brings up the Simulink Start Page (Figure 2-1A right).









 (
Figure 2-1B: 
Red arrow points to the menu bar’s 
View 
selection (left).  Clicking 
Library Browser
 reveals the blocks one can use in a Simulink simulation (right)
)[image: M:\labviewCourseDevelopment\labview-07-SimulinkTesting\simulinkDcpInput-images\2-1b-SimulinkNewModel.png][image: M:\labviewCourseDevelopment\labview-07-SimulinkTesting\simulinkDcpInput-images\2-1b-SimulinkLibraryBrowser.png]Clicking on New Model launches a blank canvas screen (Figure 2-1B left).  From the canvas’ menu bar, click View – Library Browser.  A menu of blocks is then revealed (Figure 2-1B right)











Before populating the Simulink canvas, save the file as simulinkDcpStepInput1_0.slx.  
Step 2: Populate the Simulink Canvas – Transfer Function
 (
Figure 2-2
: 
Transfer Fcn
 block and text comments in the Simulink canvas (left).  Double-clicking the 
Transfer Fcn
 block reveals the 
Block Parameters
 pop up box (right).  The numerator and denominator coefficients were entered using derived values 
shown in 
Figure 1-1C
.
)[image: M:\labviewCourseDevelopment\labview-07-SimulinkTesting\simulinkDcpInput-images\2-2a-transferfunctionBlockParameters.png]Using the Library Browser, click Continuous, select and drag the Transfer Fcn block into the canvas (Figure 2-2A left).  Double-clicking any white space in the canvas, allows one to add text.  Commenting your program with details is a good practice.  Double-clicking the Transfer Fcn block pops-up the Block Parameter box.  Referring to Figure 1-1C and your answers from Exercise 1-3, enter the Numerator and Denominator coefficients (Figure 2-2A right).

[image: M:\labviewCourseDevelopment\labview-07-SimulinkTesting\simulinkDcpInput-images\2-2a-transferfunction.png]










Make the Transfer Fcn block slightly bigger, by clicking and dragging a corner.  One will then be able to the see the transfer function values in the block.
Step 3: Populate the Simulink Canvas – Gains
 (
Figure 2-3A: Gain blocks before and after the Transfer Fcn block, with input and outputs wired
)[image: M:\labviewCourseDevelopment\labview-07-SimulinkTesting\simulinkDcpInput-images\2-3a-gains.png]Next, under Commonly Used Blocks, click and drag 2 gains.  Double-click each gain to specify their values.  Also connect the gain and Transfer Fcn blocks by pointing the mouse to an output and dragging the resulting wire into an input (Figure 2-3A).






Step 4: Add Step Input and Output Scope
 (
Figure 2-4A:
 Finished Simulink program.  Setting the 
Step time
 to 0, sends a step input value of 1, which is multiplied by the gain 50.  This represents a 50% motor power input into the DCP transfer function.  Since the output of this transfer function is in radians, a rad-to-degree gain is used.  The result is then displayed on a 
scope
.
)[image: M:\labviewCourseDevelopment\labview-07-SimulinkTesting\simulinkDcpInput-images\2-4a-stepAndScope.png]In the Library Browser, click Sources and click-and-drag the Step block into the Simulink canvas and wire it to the gain.  Double-click the Step block and set Step time to 0.  Click Sinks and similarly bring a Scope into the Simulink canvas and wire it to the gain.  Save the resulting program (Figure 2-4A) as simulinkDcpStepInput1_0.slx.  













Step 5: Execute Simulink program
 (
Figure 2-5A
: Simulink output (left) shows steady-state
.  In the previous lab, an experimental step response was captured and plotted (right).  The two show similarities, given confidence in the transfer function derived in 
Figure 1-1C
.
)[image: M:\labviewCourseDevelopment\labview-07-SimulinkTesting\simulinkDcpInput-images\2-5a-simulationOutput.png][image: N:\development - nxtLabviewSystemIdentification\03c-excelScreenshot.png]Hitting the play button (red arrow in Figure 2-4A) will execute the program and when completed, a chime will sound.  Double-clicking the scope will display the output (Figure 2-5A).










Congratulations: LEGO Damped Compound Pendulum Simulation Completed
 (
Exercise 
2
:
  
What are some of the reasons that may explain the differences in Figure 2-5A?
Study Matlab/Simulink to change the scope’s black background to white and add labels to the axes.  Hint 1: Right-click on the figure, and select 
Style
.  
Hint 2: In Matlab, type 
Study Matlab and try to overlap the CSV data and Simulink scope output
)



© Copyright Paul Oh
image2.wmf
0

2

2

=

+

+

q

w

q

Vw

q

n

n

&

&

&


oleObject1.bin

image3.wmf
T

J

gd

m

J

c

L

=

+

+

q

q

q

sin

&

&

&


oleObject2.bin

image4.wmf
s

2

+

c

J

+

m

L

gd

J

s

1/J

q

V(s)

[Volts]

K

m

Propeller

Compound Pendulum

Motorized

T(s)

Torque

[Nm]

[Nm/Volts]

rad/sec

[

]

=

(s)

Q

[% power]

[Nm/%]

M(s)


image5.wmf
[%]

[rad]


image6.png
=
(2 L @SN seorch Documentation
[*a) !

€% S5 L > C o> Uses » PaulOh » Documents » MATLAS o~ PU;ssPPauIOhPDxx\lmuﬁsPMAﬂ.AB

[ Neme ~ Newto MATLAB? See resources or Gemng Stoted. Name v
% >>

Details v

Select afile to view details





image7.png
SIMULINK

1 open.
Recent

3 legoDepPolePlacementl_3six
3 legoDepPolePlacementl_2six
3 legoDepPolePlacementl_1 s
3 legoDepPolePlacementi_Osix

P4 ppi_t.mdl

Projects
@ Source Control

&8 Avhive

New

Examples

Search

Al Templates v ﬂ

~ My Templates

Leamn More

You have not created any templates. Learn how to create templates.

v Simulink

iIc]

||
=8

Blank Model

Blank Library

@

f223

Blank Project

Code Generation





image8.png
il it R Display v Dingram Simulatiorr o Analysis = Corler Tooks v Help

Ctrl+Shift+L

B~ Dﬂ-; Library Browser

Model Explorer
wnited | | Variant Manager
(3 Simulink Project
Model Dependency Viewer
Disgnostc Viewer

Requirements Traceability at This Level
Model Browser

Viewmarks

Configure Toolbars
Toolbars

Status Bar
Explorer Bar

OBRE E®| e

[<I<]<]

Navigate

Zoom

]

Smart Guides

0

» MATLAB Desktop

»

>

A~ 0o

@ -

100%

VariableStepAuto





image9.png
Simulink Library Browser
Entersearchtem v R v B -3 @ & @

Simulink
4 Simuink ] =
‘Conmorty UsedBods = E
Contivsous | S
Dastboard 2
Dicontiities Commonly Continuous ~ Dashboard  Discontinuities
Disrete Used Blodks
Logic and Bit Operations.
Lookup Tabes o
Math Operations o [
Modelericaton
Modektide Utites
Dicrete dop  wath
Port 8 Subsystems
Sonal Atvutes Taks  Operatons
‘Signal Routing
Sinks e [ #|
Sources [ e -
User DefnedFunctons
> Addtonatvith & Dicrets Modsitide  Modd ot Sgna
b Conpuit vison Sysem Tosbox Uhites  Verficaton  Suboystems Atvutes
Contl System Toabax
e sy M Y
Inage Acason Toabo - -
> Stk D Animaton
» Simulink Coder Signal Siks Sources  User Defined
> Sk extras Rovtng il
Sttefon
> System Identficaton Toobox F=
Recent Used Bocks
ddioniath i
A -





image10.png
Transfer Fen

‘coeffcients in descending order of powers of s.
Parameters

Numerator coefficients:
[0.545]

Denominator coefficients:

‘The numerator coefficient can be a vector or matrix expression. The
denominator coefficient must be a vector. The output width equals the
number of rows in the numerator coefficient. You should specify the

[1 0.485 53.96]

Absolute tolerance:

auto

State Name: (e.g, 'position’)

Q ok [ cancel |

Help

) [enty ]





image11.png
File Edt View Display Diagram Simulation Analysis Code Tools Help

E-o-8 ¢ @ E=RNCN S H- ~@-

aminOslp 0 |

siminkOcSteplnput1_0
Q 1/ FLE: simuliDepStepinputt_0 s - Worst
J/DATE 11118 1613
(o5 AUTH: POR
- 1/ DESC: GLTF of 0GP o 50% motor st input
=
=
[m] Transter Fon
]
»

Ready 100% VariableStepAuto




image12.png
File Edit View Display Diagram Simulation

Analysis Code Tools Help

E-o-H e 4

BDELOP = N @~

aminOslp 0 |

OBRE E®| e

0

»

jsmulnkDcpstepinput1 0

1 FILE: simulindDcpStepinputt 0 ix- Works!
11 DATE: 11111118 1813

1IAUTH: POR

1 DESC: OLTF of DCP to 50% motor sep input

rad 1o degree
s
prery
Gain
50% motor power Tnsterren Gaint
st2p input
100% VariableStepAuto





image13.png
File Edit View Display Diagram Simulation Analysis Code Tools Help

B-o-8 o o @4OP = @A ~0-

aminOslp 0 |

o 1 FILE: smulinkDcpSteptnputt_0.sx - Works!
a 1IAUTH: P.OR
EER
= rad to degree.
=]
=
= A e e |
= OB E
50% motor power - - Gsint
T
(@
;

Ready 100% auto(odels)




image14.png
G- BOB





image15.png
9= Microsoft Excel EEES

I o | st reelow  fomuss Dt Redew  View  Ados  Acoba -@

% cn - - S Genert - [FCondtionaiFormating - S=lnsert+ X - 57 @
e Bru- AN $ - % o EromatasTable- ¥ Detete - | @]~
paste Sort Find&
¥ | E- (XA ¥ W 5 cenistyles - [ Format - | 2 Fiter~ select~
Clpboara_ Font | Aignment 5| number o styes cets giting
A - &lo g
systemld-110918-07HA1M.xIsx
P T B 5 W i f X T
0
50
w0
20
o @ seriest
B 10 1 25
20
0
0
0
Ready | Average: 994284952 Count: 1874 Sum:186329 (B 100% O U &)





image1.wmf
F

mg

d

r

q

q

d

dt

c

motor-propeller

T = Fr


