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1: MATLAB - MathWorks - MATLAB & Simulink
This two-day course is for engineers who are new to system and algorithm modeling and design validation in Simulink
Â®.It demonstrates how to apply basic modeling techniques and tools to develop Simulink block diagrams.

Use reference-standard algorithms, functions, and apps for image processing, analysis, visualization, and
algorithm development. Computer Vision System Toolbox Design and simulate computer vision and video
processing systems. Perform object detection and tracking, feature detection and extraction, feature matching,
stereo vision, camera calibration, and motion detection tasks. Statistics and Machine Learning Toolbox
Describe, analyze, and model data using statistics and machine learning. Perform exploratory data analysis, fit
probability distributions to data, generate random numbers for Monte Carlo simulations, and perform
hypothesis tests. Image Acquisition Toolbox Acquire images and video from cameras and frame grabbers.
Detect hardware automatically and configure hardware properties. Access pretrained models for transfer
learning. Visualize intermediate training results and debug deep learning models. For personal use only. Not
for government, academic, research, commercial, or other organizational use. Recommended Products for
Computational Finance Develop efficient and robust financial applications. Chart historical and live market
data Model interest rates Develop quantitative models to optimize performance and minimize risk Integrate
with data sources Learn more about computational finance Financial Toolbox Perform mathematical modeling
and statistical analysis of financial data. You can estimate risk, analyze interest rate levels, price equity and
interest rate derivatives, and measure investment performance. Perform exploratory data analysis, fit
probability distributions to data, generate a wide range of random numbers for Markov Chain Monte Carlo
simulations, and perform hypothesis tests. Optimization Toolbox Find parameters that minimize or maximize
objectives while satisfying constraints. Find optimal solutions to continuous and discrete problems, perform
tradeoff analyses, and incorporate optimization methods into algorithms and applications. Recommended
Products for Control Systems Design, test, and implement control systems. Create accurate plant models
Design feedback compensators and control logic Deploy your controller onto low-cost platforms like Arduino
and Raspberry Pi Test control systems with desktop simulation Learn more about control systems Control
System Toolbox Use algorithms and apps for analyzing, designing, and tuning linear control systems. You can
also visualize system behavior in the time and frequency domains. Simulink Control Design Design and
analyze plants and control systems modeled in Simulink, including cascaded, prefilter, regulation, and
multiloop architectures. Signal Processing Toolbox Generate, measure, transform, filter, and visualize control
signals. Recommended Products for Mechatronics Design and simulate mechanical, electrical, control, and
embedded software subsystems in a single environment. Predict and optimize system performance Understand
and manage complex system interactions Detect design inefficiencies and integration errors early during
development Verify and test mechatronic systems such as motor control using fewer hardware prototypes
Eliminate manual coding errors by automatically generating code from the simulation model to low-cost
platforms like Arduino and Raspberry Pi Learn more about mechatronics Simscape Model and simulate
physical systems spanning mechanical, electrical, hydraulic, and other physical domains. Develop control
systems and test system-level performance. Simscape Electrical Use component libraries for modeling and
simulating electronic and mechatronic systems. The libraries include models of semiconductors, motors,
drives, sensors, and actuators. Simscape Multibody Perform multibody simulation for 3D mechanical systems.
Automatically generate 3D animations to visualize system dynamics. Simulink Simulink provides a set of
predefined blocks that you can combine to create a detailed block diagram of your control systems for your
physical systems. Recommended Products for Robotics Learn more about robotics Robotics System Toolbox
Develop autonomous mobile robotics applications with reference-standard algorithms and hardware
connectivity. Algorithms include map representation, path planning, and path following for differential drive
robots. Stateflow Model and simulate combinatorial and sequential decision logic based on state machines and
flow charts. Design how your robotic system reacts to events, time-based conditions, and external input
signals. Image Processing Toolbox Use reference-standard algorithms, functions, and apps for image
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processing, analysis, visualization, and algorithm development. Simulink Combine a set of predefined blocks
to create a detailed block diagram of your control systems for your robotic systems. You can prototype, test,
and run models on robots equipped with low-cost hardware such as Raspberry Pi and Arduino.
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2: MATLAB Home - MATLAB & Simulink
Simulink for System and Algorithm Modeling This course is for engineers who are new to system and algorithm
modeling and design validation in SimulinkÂ®. It demonstrates how to apply basic modeling techniques and tools to
develop Simulink block diagrams.

Create a new m-file and enter the following commands. Next we need to set the time for which our simulation
will run to match the time range of the command from the Signal Builder block. This is accomplished by
selecting Model Configuration Parameters from the Simulation menu at the top of the model window and
changing the Stop Time field to "". The result as shown below demonstrates that the closed-loop system is
stable for this controller. Since the performance achieved above is unsatisfactory because of steady-state error,
we will show how to redesign our controller. Then we will demonstrate how to design the control from
directly within Simulink. This is especially useful for complicated, or nonlinear simulation models. This is
also useful for generating discrete-time sampled models. For this example, let us extract a continous-time
model of our train subsystem. First we need to identify the inputs and outputs of the model we wish to extract.
The input to the train system is the force. These inputs and outputs will now be indicated by small arrow
symbols as shown in the following figure. Since we wish to extract a model of the train by itself, without
control, we need to further delete the feedback signal, otherwise we will extract the closed-loop model from
to. Your model should now appear as follows. We can now extract the model by opening the Linear Analysis
Tool. Following these steps will open the window shown below. This tool generates an LTI object from a
possibly nonlinear Simulink model and allows you to specify the point about which the linearization is
performed. Since our Simulink model is already linear, our choice of operating point will have no effect and
we can leave it as the default Model Initial Condition. In order to generate the linearized model, select the Step
button in the above figure, which is indicated by a small green triangle. The Linear Analysis Tool window
should now appear as shown below. Inspecting the above, the step response of the linearized model was
automatically generated. Comparing this step response to the one generated by the simulation of the open-loop
train system in the Introduction: Simulink Modeling page, you can see that the responses are identical. This
makes sense since the simulation model was already linear. Additionally, the linearization process generated
the object linsys1 shown in the Linear Analysis Workspace above. For example, let us employ the following
commands to generate and analyze the closed-loop system reflecting the Simulink model created above.
Further, the remaining poles have negative real part and the two "slowest" poles are complex. This
demonstrates that the closed-loop system in its current form is stable and the dominant poles are
underdamped. This agrees with the result of our closed-loop simulation from above. We could then employ
MATLAB to design a new controller in order to, for example, dampen out the oscillation in the response.
Controller design within Simulink We can launch interactive tools to tune our controller from within
Simulink. The first thing that needs to be done is to identify the controller block that is to be tuned. This is
accomplished by first clicking on the Add Blocks button, and then selecting the PID Controller block from the
resulting window as shown below. Next click the OK button. Note that controllers represented by other types
of blocks Transfer Function, State Space, etc. Before we proceed to tune our controller, we must first identify
the inputs and outputs of the closed-loop system we wish to analyze. Your model should now appear as
follows where the small arrow symbols identify the input and output of the model. Now that we have
identified the block to tune and our input and output signals, we can now commence with tuning the
controller. Select the OK button in the Edit Architecture window. We should now be able to see the window
shown below. Clicking the Tuning Methods button, we will choose the design plots we wish to employ for
designing our controller. In this example, we will employ a root locus design approach and hence will select
the Root Locus Editor under Graphical Tuning as shown above. The root locus approach to design employs a
plot that shows all possible closed-loop poles as a parameter the loop gain is varied from zero to infinity.
Specifically, we make the following selection in the Select Response to Edit window and select Plot. We then
should obtain a root locus plot as shown below, which displays all possible closed-loop pole locations of the
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closed-loop train system under simple proportional control. Examining the plot, one can see that all values of
loop gain will place the closed-loop poles in the left-half plane indicating a stable response. If we decrease the
loop gain sufficiently, we can move the closed-loop poles further into the left-half plane and we can change
the performance of our system. Then we specify the input and output signals within the New Step to plot
window as shown below. Then click the Plot button. From the resulting closed-loop step response we can see
that the response is stable, but with some steady-state error. Recall that adding integral control is one way to
reduce the steady-state error of a closed-loop system. In this case, adding an integrator via the controller will
make the system type 1, where type 1 systems can track step references with zero steady-state error. Recall the
following form of a PI controller. Then click on the real axis where you wish to place the zero. You can move
the zero by clicking on it and dragging it to a new location. The compensator can also be edited by directly
typing in pole and zero locations. This can be achieved by right-clicking on the root locus plot and choosing
Edit Compensator from the resulting menu. The window that opens is shown below. We will place an
integrator, a real zero at The resulting closed-loop step response plot is shown below demonstrating that the
train engine is brought to rest smoothly and with zero steady-state error for a constant speed command. The
simulation can then be run with this newly tuned controller. Overall, this response seems to meet our goals of
bringing the train up to speed and back to rest smoothly, while maintaining minimal steady-state error. This
response matches the result generated with the Control System Designer above because that analysis and the
Simulink model used the exact same linear model.
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3: Simulink for Automotive System Design - MathWorks Switzerland
Simulation and Modelâ€‘Based Design. Design and simulate your system in Simulink before moving to hardware.
Explore and implement designs that you wouldn't otherwise consider - without having to write C, C++, or HDL code.

Running the model Train system In this example, we will consider a toy train consisting of an engine and a
car. Assuming that the train only travels in one dimension along the track , we want to apply control to the
train so that it starts and comes to rest smoothly, and so that it can track a constant speed command with
minimal error in steady state. The mass of the engine and the car will be represented by and , respectively.
Furthermore, the engine and car are connected via a coupling with stiffness. In other words, the coupling is
modeled as a spring with a spring constant. The force represents the force generated between the wheels of the
engine and the track, while represents the coefficient of rolling friction. This is done below for our train
system. The forces acting on the train car in the horizontal direction are the spring force and the rolling
resistance. In the vertical direction, the weight forces are balanced by the normal forces applied by the ground.
Therefore, there will be no acceleration in the vertical direction. We will model the spring as generating a
force that is linearly proportional to the deformation of the spring, , where and are the displacements of the
engine and car, respectively. Here it is assumed that the spring is undeformed when and equal zero. The
rolling resistance forces are modeled as being linearly proportional to the product of the corresponding
velocities and normal forces which are equal to the weight forces. Specifically, we will construct two copies
one for each mass of the general expression or. First, open Simulink and open a new model window. Then
drag two Sum blocks from the Math Operations library into your model window and place them
approximately as shown in the figure below. The outputs of each of these Sum blocks represents the sum of
the forces acting on each mass. Multiplying each output signal by will give us the corresponding acceleration
of each mass. Now drag two Gain blocks from the Math Operations Library into your model and attach each
one with a line from the output of one of the Sum blocks. This is accomplished by double-clicking in the space
above each of the two signal lines and entering the desired label. These Gain blocks should contain for each of
the masses. You will notice that the gains did not appear in the image of the Gain blocks, rather the blocks
display a value of -K-. This is because the blocks are too small on the screen to show the full variable name
inside the triangle. The blocks can be resized so that the actual gain value can be seen. To resize a block, select
it by clicking on it once. Small squares will appear at the corners. Drag one of these squares to stretch the
block. Your model should appear as below. The outputs of these gain blocks are the accelerations of each of
the masses the train engine and car. The governing equations we derived above depend on the velocities and
displacements of the masses. Since velocity can be determined by integrating acceleration, and position can be
determined by integrating velocity, we can generate these signals employing integrator blocks. Drag a total of
four Integrator blocks from the Continuous library into your model, two for each of our two accelerations.
Connect these blocks and label the signals as shown below. The second integrator then takes this velocity and
outputs the displacement of the first mass "x1". The same pattern holds for the integrators for the second mass.
Now, drag two Scopes from the Sinks library into your model and connect them to the outputs of these
integrators. Label them "x1" and "x2". Now we are ready to add the forces acting on each mass. First, we need
to adjust the inputs on each Sum block to represent the proper number of forces we will worry about the signs
later. The symbol " " serves as a spacer. There are only 2 forces acting on mass 2, therefore, we can leave that
Sum block alone for now. The first force acting on mass 1 is just the input force,. Drag a Signal Generator
block from the Sources library and connect it to the uppermost input of the corresponding Sum block. Label
this signal as "F". The next force acting on mass 1 is the rolling resistance force. Recall that this force is
modeled as follows. Drag a Gain block into your model window. Connect the output of the Gain block to the
second input of the Sum block. The rolling resistance force, however, acts in the negative direction. Next,
resize the Gain block to display the full gain and label the output of the Gain block "Frr1". Your model should
now appear as follows. The last force acting on mass 1 is the spring force. Recall that this force is equal to the
following. Drag a Subtraction block or a Sum block or an Addition block below the rest of your model.
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Alternatively, you can select the block then hit Ctrl-I. Now, tap off the "x2" signal and connect it to the
negative input of the Subtract block. Also, tap off the "x1" signal and connect it to the positive input. This will
cause signal lines to cross. Lines may cross, but they are only actually connected where a small circle appears
such as at a tap point. Now, we can multiply this difference by the spring constant to generate the spring force.
Drag a Gain block into your model to the left of the Subtraction block. Change the value of the Gain block to
"k" and connect the output of the Subtract block to its input. Then connect the output of the Gain block to the
third input of the Sum block for mass 1 and label the signal "Fs". Your model should appear as follows. We
can now apply forces to mass 2. For the first force, we will use the same spring force we just generated, except
that it is applied to mass 2 in the positive direction. Simply tap off the spring force signal "Fs" and connect it
to the first input of the Sum block for mass 2. The last force applied to mass 2 is its rolling resistance force.
This force is generated in an analogous manner to the rolling resistance force applied to mass 1. Then connect
the output of the Gain block to the second input of the corresponding Sum block and label the signal "Frr2".
Changing the second input of the Sum block to be negative will lead to the following model. Now the model is
complete. We simply need to supply the proper input and define the output of interest. The input to the system
is the force generated by the engine. Within the Simulink model, we have already defined the force to be the
output of a Signal Generator block. The output of the system, which we will observe and ultimately try to
control, will be the velocity of the train engine. Add another Scope block to your model from the Sinks library.
Now, the model is complete and should be saved. You can also download the completed model by
right-clicking here and then selecting Save link as Running the model Before running the model, we need to
assign numerical values to each of the variables used in the model. For the train system, we will employ the
following values.
4: Automotive - Automated Driving - MATLAB & Simulink
Simulink for System and Algorithm Modeling This two-day course is for engineers who are new to system and algorithm
modeling and design validation in Simulink Â®. It demonstrates how to apply basic modeling techniques and tools to
develop Simulink block diagrams.

5: Modeling Guidelines - MATLAB & Simulink - MathWorks Italia
Creating and modifying Simulink models and simulating system dynamics Modeling continuous-time, discrete-time, and
hybrid systems Modifying solver settings for simulation accuracy and speed.

6: Control Tutorials for MATLAB and Simulink - Introduction: Simulink Modeling
This course is for engineers who are new to system and algorithm modeling and design validation in Simulink Â®.It
demonstrates how to apply basic modeling techniques and tools to develop Simulink block diagrams.

7: Simulink for System and Algorithm Modeling | Logtel
Sebastian starts by looking at a suspension system using the mathematical modeling method to see how
easy-to-understand equations can be used to create a model.

8: Wireless Communications - MATLAB & Simulink Solutions - MATLAB & Simulink
Based on the Simulink for System and Algorithm Modeling outline, this course is for automotive engineers who are new
to system and algorithm modeling and teaches attendees how to validate designs using Simulink Â®.

9: Simulink for System and Algorithm Modelling - Opti-Num Solutions
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the simulink model are defined in the block diagram using input and model". The system will be linearized about the
operating point (see Ogata and.
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