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• speed up RMPC design and tuning
• advanced RMPC design analysis
• user-friendly tool



Toolbox

bitbucket.org/oravec/mup

MATLAB toolbox for on-line RMPC design by LMIs
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• freely available

• support (demo projects, wiki, issues)
• under development (new release coming soon)



Toolbox

bitbucket.org/oravec/mup

Necessary theoretical backgrounds:

RMPC

System
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• LQR/MPC basic (required)
• RMPC (optional)
• SDP (optional)
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Kothare et al. (1996) – Soft-Con
Wan et al. (2003) – Soft-Con
Cao et Li (2005) – Soft-Con
NSO and ACIS – Soft-Con



Opt. Problem Design



• initial:                 speed up
(YALMIP/optimizer)

• reformulation:  analysis
(YALMIP/optimize)

Opt. Problem Design



Feasibility Check

enable



• default:

• SDP:

Feasibility Tolerance
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Parameters

optional RMPC design and tuning 
parameters
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SDP Solver

• CSDP (free)
• DSDP (free)
• LMILAB (comercial)
• LOGDETPPA (free)
• MOSEK (free for academia)
• PENBMI (comercial)
• PENLAB (free)
• PENSDP (free for academia)
• SDPA (free)
• SDPLR (free)
• SDPT3 (free)
• SDPNAL (free)
• SEDUMI (free)

users.isy.liu.se/johanl/yalmip/pmwiki.php?n=Solvers.Solvers
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• Silent
• Loud

YALMIP Verbose Mode



• MATLAB/Simulink: rmpc_block (beginner)

• MATLAB: CLI (advanced)

How  to  use  it ?



%% System

A{1}=...; A{2}=...; A{3}=...; A{4}=...; 

B{1}=...; B{2}=...; B{3}=...; B{4}=...; 

C{1}=...; C{2}=...; C{3}=...; C{4}=...;

ts=0.5; % Sampling time 

x0=...; % Initial conditions

1:

2:

3:

4:

5:

6:

CLI



%% System

A{1}=...; A{2}=...; A{3}=...; A{4}=...; 

B{1}=...; B{2}=...; B{3}=...; B{4}=...; 

C{1}=...; C{2}=...; C{3}=...; C{4}=...;

ts=0.5; % Sampling time 

x0=...; % Initial conditions

1:

2:

3:

4:

5:

6:

CLI



%% System

A{1}=...; A{2}=...; A{3}=...; A{4}=...; 

B{1}=...; B{2}=...; B{3}=...; B{4}=...; 

C{1}=...; C{2}=...; C{3}=...; C{4}=...;

ts=0.5; % Sampling time 

x0=...; % Initial conditions

1:

2:

3:

4:

5:

6:

CLI



%% Symmetric constraints

u_max=...; % Input constraints

x_max=...; % State constraints
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Wx=...; Wu=...; % Weight matrices
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mup_sdp % SDP formulation
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1: Cao et al. (2005)

2: Cao et al. (2005) - Soft-Con

3: Cuzzola et al. (2002)
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%% Closed-loop control in k-th step

u = mup_rmpc{x,design}; % RMPC control law
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Feasibility Check /Loud
FEAS_CHK: Inverse Lyapunov matrix MIN_EIG = 3.275738e+00.
FEAS_CHK: I:1: Inverse SDLF matrix W MIN_EIG = 3.115516e-01.
FEAS_CHK: I:2: Inverse SDLF matrix W MIN_EIG = 3.115516e-01.
FEAS_CHK: I:1: Inverse SDLF matrix Q MIN_EIG = 1.482989e-06.
FEAS_CHK: I:2: Inverse SDLF matrix Q MIN_EIG = 1.480064e-06.
FEAS_CHK: I:1: Invariant ellipsoid matrix MIN_EIG = 1.566609e-08.
FEAS_CHK: I:2: Invariant ellipsoid matrix MIN_EIG = 1.439442e-08.
FEAS_CHK: VTX:1|I:1: Stability condition matrix MIN_EIG = 8.704402e-06.
FEAS_CHK: VTX:1|I:2: Stability condition matrix MIN_EIG = 8.705740e-06.
FEAS_CHK: VTX:2|I:1: Stability condition matrix MIN_EIG = -5.363964e-06.
FEAS_CHK: VTX:2|I:1: Stability condition violated!
… (shortened)

 2.5 GHz CPU, 4GB RAM, MATLAB 2013a, MOSEK
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Actuators:
flow rates
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Controlled outputs:
liquid levels
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Uncertainties:
valve constants



RMPC

System

u(k) x(k)

physical plant

mup

Case Study



Approach Lyapunov function diag(Wx) diag(Wu)

single LF [500, 50] [1, 0.1]

single LF [5, 5] [1, 1]

PDLF [5000, 50] [0.1, 1]

PDLF [5000, 50] [1, 1]

RMPC1

RMPC2

RMPC3

RMPC4

Control  Performance

Kothare et al., Automatica, 1996;   Cuzzola et al., Automatica, 2002
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Toolbox

bitbucket.org/oravec/mup

MATLAB toolbox for on-line RMPC design by LMIs

RMPC

System

u(k) x(k)q(k)

• speed up RMPC design and tuning
• advanced RMPC design analysis
• user-friendly tool
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