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Schedule (Updated 28-10)

Introduction 1
Introduction to Matlab Environment 1
Matlab Programing (m-files) (1) 5
Modeling using Matlab Simulink Tool 4 (2/4)
N
Communication Systems Simulation (Applications) 3

Introduction to FPGA + Review on Digital Logic/Circuits

2
VHDL Modeling Language 4
VHDL Application 2
Introduction to OPNET Network Simulator 3

1
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The Lecture is based on :

NModeling of Digital
Communication

Systems Using
2':‘-IMULINK®
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1.8 SENDING DATA TO WORKSPACE

» By adding the “To Workspace” block from Simulink Sinks
» The To Workspace block causes the output data from the Sine Wave block to
be saved and examined for subsequent use such as plotting.

Aol

Be £t Yo Omler Dom Sruokn s Code Tkt _ To Workspace
= R BvAv d ) NP e (A Write input to specified timeseries, array, or structure in a
v G iju @ Y w e I | 3 v workspace. For menu-based simulation, data is written in the
Frst_Simunk_Model_gmout | MATLAB base workspace. Data is not available until the simulation
is stopped or paused.
C I&Hsl_S«M_Modd_ml ¥
a To log a bus signal, use "Timeseries" save format.
+ Parameters
Firg Simulink Model ssmple-based )
= Sine wave amplitude=1 volt Variable name:
& Samplespenod=10 simout
sample time=01 sc
& Limit data points to last: -
inf
P ]
1“ Decimation:
Sine Wave Scope 1
Save format: [Timeseries -
smout Log fixed-point data as a fi object
To Workspace Sample time (-1 for inherited):
» -1
Ready 150% FvedstegOucrete _
Figure 1.22  Sending Simulation Data to Workspace.
su ’ = G POk [ Ok ] [ Cancel ] [ Help Apply
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1.8 SENDING DATA TO WORKSPACE

Option: Timeseries

Current Folder
Mame =

Apps
ﬂ test_ford.m
|| untitled.sk.autosave

Details o
Workspace ¥
Mame = Value Min M ax
FE simout Ix1 double timeseries -0.9511 095
H tout 51x1 double 0 10
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& Variables - simout
| simout |

EH 1:1 double timeseries

Time series name:

I Tirme Data:1

0 0
0.2000 0.9511
0.4000 0.5878
0.5000 -0.5878
0.8000 -0.9511

1) -24493e-16
1.2000 0.9511
1.4000 0.5878
1.5000 -0.5878
1.8000 -0,9511

[7] Show event table

Current time: uniform 0 to 10 seconds

Command Window

@) New to MATLAB? Watch this Video, see E
Jx>>




1.8 SENDING DATA TO WORKSPACE

Option: Array
Mame ~ | simout |
Apps HH 514 double
a test_for.m
|| untitled.sh.autosave 1 2 3
1 l:' Edit View Inset Tools Desktop Window Help
2 01253 | §
L us FrEFIEEE R ARG
4 0.3681
5 04818 1
6 05878 08l
7 06845
8 0.7705 B
9 08443 04l
10 0.9048
02}
Details ~ U 09501
12 09823 ot
Workspace O 13 0.9980 0ol
Marne = Value Min Max 14 0.8980 '
Hsimout’ 51 double 09980 09980 | |15 09823
1 tout 51x1 double 0 1 16 09511
< |
Command Window

@ Mew to MATLABT Watch this Video, see Exa

>>» plot(tout,simout)
Je>>
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1.9 USING MODEL EXPLORER

» Model Explorer is a tool available to provide the user with the ability to view,
modify or add elements in the Simulink model and workspace variables.

» To open the Model Explorer, select Model Explorer under the View tab in the
Simulink model window.

wose oo e ) i

lFiIe Edit View  Tools

Pl 13
Search: by Mame

Model Hierarchy

a P simulink Root
E Base Workspace

[ untited™

Help

@ [@] & .

+ Mame:

E E Contents of: untited® {only)

Column View: |Block Dat = | Show Details

mo | B G

@{ Search

Filter Contents

8 of 9 object(s) \-1_?*

Mame BlockType
% Model Workspace
% Configuration (Active)
E Code for untited
@ Simulink Design Verifier results
@ Advice for untited
1LF Sine Wave =
{F Scope Scope

CutDataTypeStr O

1F To Workspace ToWaorkspac

4 | 10 |

Contents | Search Results

Sink Block Parameters: To Workspace

To Workspace

Write input to specified timeseries, array, or structure in a
workspace. For menu-based simulation, data is written in the
MATLAE base workspace. Data is not available until the
simulation is stopped or paused.

To log a bus signal, use "Timeseries”™ save format.
Parameters

Variable name:

simout

Limit data points to last:
inf

Dedmation:

1

Save format: [Tlmeseries - ]

Log fixed-point data as a fi object
Sample time (-1 for inherited):
-1




1.11 Selecting Model Configuration Parameters

» In the Simulink model window, pulling down the Simulation tab and selecting
Model Configuration Parameters

Cmﬁgumtlun Parameters: untitled/Configuration (Active u

Select: Slmulatmn time

j| Sober Start time: 0.0 Stop time: 1

Data Import/Export
||| = Optimization

» Diagnostics Solver options

Hardware Implementation : : .
Model Referencing Type: [Fmed—step ] Solver: [crdeB (Bogacki-Shampine)
> Simulation Target
: Fixed-step size (fundamental sample time): auto

Code Generation
HDL Code Gen{ Simulation Target h

"

"

Tasking and sample time options

Periodic sample time constraint: lUnconstrained ']

Tasking mode for periodic sample times: IAuto ']

m

[] Automatically handle rate transition for data transfer

[] Higher priority value indicates higher task priority

» User can specify the:
v’ simulation start and stop time and
v’ choose the solver for the simulation
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1.11 Selecting Model Configuration Parameters 9

Simulation: Simulink Solvers

e A dynamic system is simulated by computing its states at
successive time steps over a specified time span, using
information provided by the model

e This entails repeatedly solving a set of difference or
differential equations describing component blocks in the
model of the system being simulated

e The process of solving the model at successive time steps 1s
referred to as simulating the system that the model represents

e Simulink provides an assortment of solvers, each geared to
solving a specific type of model

Stop time: 1

v' The Solver is selected as ode-45, which, = g.r: [odes (Runseiutia) -

in general is the best first choice as a auto [T

ode3 (Bogacki-Shampine)
Jode2 (Heun)

@ odel (Euler)

Auto | 0deldx (extrapolation)

1 1 ode5 (Dormand-Prince
solver for most Simulink models.




1.11 Selecting Model Configuration Parameters

» Solver Options: Salver options

» For both fixed-step and variable-step Typ: |Fitesip

x } Solver:

. . : . Variable-ste
solvers, the next simulation time is P GRS ' o

the sum of the current simulation
time and the step size.

» With a fixed-step solver, the step size remains constant
throughout the simulation

o Waith a variable-step solver, the step size can vary in an
adaptive fashion from step to step to maximize efficiency,
while meeting specified error tolerances

e Simulink also provides the choice of continuous versus
discrete solvers

» Continuous solvers use numerical integration to compute
a model’s continuous states at the current time step

» Discrete solvers exist primarily to solve purely discrete
models. They compute the next simulation time step for a
model and each block in the model updates its individual
discrete states
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» Solver Warning Example (1)

» |If the model is modified where the Sine Wave block is chosen to have a Sample-
based Sine type and a 0.1 s Sample time is entered,

» The model execution will produce a warning message seen at the bottom of the
Simulink model.

= | % R D[4 @~ | @

untitled

« Simulation & 1
3:48:05 PM 10/27/2015 Elapsed: 0.161 sec

/My The model 'untitled' does not have continuous states, hence Simulink is using the solwver
'FixedstepDiscrete' instead of solver 'ode3'. You can disable this diagnostic by explicitly
specifying a discrete solver in the solver tab of the Configuration Parameters dialog, or by
zetting the 'Automatic solwver parameter selection' diagnostic to 'none' in the Diagnostics
tab of the Configuration Parameters dialog

Component: Simulink | Category: N.A.

» The model 'untitled' does not have continuous states, hence Simulink is using
the solver 'FixedStepDiscrete' instead of solver 'ode3'.
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untitled

» Solver Warning Example (2)

> Bad resolution

View 2 warnings 100%

/1y Unable to determine a fixed step size based on the sample times in the model 'untitled',
because the model does not have any discrete sample times. Picking a fixed step size of
(@.2) based on simulation start and stop times. You can disable this diagnostic by
explicitly specifying a fixed step size in the Solver pane of the Configuration
Parameters dialog box, or setting the 'Automatic solver parameter selection' diagnostic
to 'none' in the Solver group on the Diagnostics pane of the Configuration Parameters

dialog box.

4 ]
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» Solver Warning Example (1) 13

» Bad resolution Salver opfions
can be solved , . .
by changing Tjpe: |Fixed-step Solver: ‘EIEIEE (Bogacki-Shampine)
the step size edcen dize e il
to improve the Fived-step size (fundamental sample time): alto
resolution

Solver options

Type: ‘Fixed-step v ‘ Solver: | ode3 (Bot

Fixed-step size (fundamental sample time): 164

o | -

B R« i 0% EaFK




Examples
(1) Integration and Signals Multiplexing

W simple_model E=RRON ==
File Edit View Simulation Format Toeols Help
D E"ﬂ- n 5 -'. — Iy - : b- | |2ﬂ |"'1IZIITI1EI |5
! .
Vi »
Sung Wave
Scopa
1
N
Integraice
100% oded3

» Integrator: Simulink- Continuous
» Integrator: Simulink — Commonly used Blocks
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Examples: (2) Fourier Series

1.2 Let x(f) = = [sin(r) + g sin(31) + i sin(50)| .

T

a. Develop a Simulink model for x(f) with an included information
block. Assume a 10 s simulation time.

FParameters

; . 'biuntitledl’
SlﬂEtYpE.‘: [TIFI"IE.‘ bpsed File Edit Wiew Display Diagram  Simulation Analysis Code Tocls Help
Time (t): [Use simulation time Pl ~ CE &) - R SON™ (&) + 1.0 - @ - .
Amplitude: untitied1

4.I'rFli ® unt’tledl -
Bias: C

0 = v

= Sine W ave

Frequency (rad/sec): : / | '_ED

1*2*I'Ji p‘_jJ ""'Smpe

Amplitude: Amplitude:

i Q.

T /(5" [

Bias: Bias:

0

0
Frequency (rad/sec):
quency (rad/sec) Frequency (rad/sec):
3*2%pi
g 5*2%pi
Phase (rad):
(rad) | Phase (rad): ]
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Examples: (2) Fourier Series
B ===

20 | [R< | E%%| Ca s
.t"'_e. Function Block Pammeters:_ lﬂ

Sum

Add or subtract inputs. Specify one of the following:

a) string containing + or - for each input port, | for spacer between ports
(e.g. ++]-|++)

b) scalar, == 1, specifies the number of input ports to be summed.
When there is only one input port, add or subtract elements over all
dimensions or one specified dimension

Main | Signal Attributes

Icon shape: Iround

List of signs:

Sample time (-1 for inherited):

-1

Time offset: 0
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Examples: (2) Fourier Series

» Different Plotting

w1 Fourier_series_one_plo

File Edit View Display Diagram Simulaticn Analysis Code Toocls Help
5] == g | = 3 Pid
R e M= ME ORI ® -~ w0 » (D ~| @~
Fourier_series_one_plot
(] Foul’iEI’_SEI’iES_GHEJ:ﬂOt -
®
Ed I\
W
= Sine Wave 1
—3 =]
™"
rﬁ'L | | Scope
W
Sine Wave
AN
W
Sine Wave2
pd
Ready View diagnostics 100% oded
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Examples: (2) Fourier Series

» Different Plotting

‘ I II II I|II |III TII |||:|| I”I II| III II|III I1|II IlI |II |II' lll:l II} III IHI

||| |‘:|| I|||II||I-||:|
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