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Modelling and Simulation in Matlab/Simulink



Simple Pendulum

 Second law of motion:

 State-space Model:

 ODEs Initial Value Problem (Cauchy Problem):

rod

massive bob

equilibrium
position



Solving ODEs in Matlab

 An ODE is an equation that contains one independent variable (e.g. time) and one or 
more derivatives with respect to that independent variable

 In the time domain, ODEs are initial-value problems, so all the conditions are specified 
at the initial time t = 0

 Matlab has several different functions (built-ins) for the numerical solution of ODEs.

 These solvers can be used with the following syntax:



What are we doing when numerically solving 
ODE’s?

 we know t0 and x(t0) 
 we know the slope of x(t):  dx/dt = f(t,x)
o we don’t know x(t) for any values of t other than t0

 Integrators compute nearby value of x(t) using what we already know and repeat:
Euler’s Method: 

x(t1) = x(t0)+f(t0,x(t0))(t1-t0)
x(t2) = x(t1)+f(t1,x(t1))(t2-t1)

…

 Higher order numerical methods reduce error at the cost of speed:
• Euler’s Method - 1st order expansion
• Midpoint method - 2nd order expansion
• Runge-Kutta - 4th order expansion



Choose a Solver

 There are solvers for continuous-time models and discrete-time models:

 even for the discrete-time solvers it is possible to select between fixed step
methods (the step will be equal to the sampling period or a fraction if it) or
variable step methods (the step will be equal to one or more sampling
periods)

 it is possible to simulate a discrete-time model with a continuous-time
solver, but the reverse is not allowed



Choose a Solver

 Some available solvers:

 ode45 with variable-step can be applied in
many situations, and for this reason is the
default solver in Simulink. It may not be so
effective in simulating stiff models, i.e.
models in which some components with very
fast and very slow dynamics (i.e. component
reacting promptly or very slowly to an
excitation) coexist

 ode1s with variable-step is the first method
to try when it is believed that the model is
stiff

 discrete is the solver used for discrete-time
models

 Example: variable-step



Choose a Solver



*An ordinary differential equation problem is stiff if the solution being sought is varying
slowly, but there are nearby solutions that vary rapidly, so the numerical method must take
small steps to obtain satisfactory results.

Choose a Solver



Defining an ODE function in an M-file

integrates the system of differential equation



Defining an ODE function in an M-file



Integrate the System of ODE


