American Control Conference 2006 (ACC'06), Minneapolis, Minnesota, 14-16 June, 2006.

A Co-Processor FPGA Platform for the Implementation of
Real-Time Model Predictive Control

Leonidas G. Bleris, Panagiotis D. Vouzis, Mark G. Arnold and Mayuresh V. Kothare

Abstract—1In order to effectively control nonlinear and
multivariable models, and to incorporate constraints on system
states, inputs and outputs (bounds, rate of change), a suitable
(sometimes necessary) controller is Model Predictive Control
(MPC). MPC is an optimization-based control scheme that
requires abundant matrix operations for the calculation of the
optimal control moves. In this work we propose a mixed soft-
ware and hardware embedded MPC implementation. Using a
codesign step and based on profiling results, we decompose
the optimization algorithm into two parts: one that fits into
a host processor and one that fits into a custom made
unit, that performs the computationally demanding arithmetic
operations. The profiling results and information on the co-
processor design are provided.

I. INTRODUCTION

The main advantages of Model Predictive Control
(MPC) [1], also known as receding horizon control and
moving horizon control, are the ability to handle constraints
and its applicability to multivariable nonlinear processes.
Because of the computational requirements of the optimiza-
tions associated with MPC, it has primarily been applied to
plants in the chemical process industry, with slow dynamics.
Furthermore, existing implementations of MPC typically
perform numerical calculations using workstations in 64-
bit floating-point arithmetic, which is too expensive, power
demanding, and large in size, thus unsuitable for many
application areas.

MPC remains an open and growing area of research
in systems and control, with somewhat limited applica-
tions reported outside the chemical processes industries.
Recently, there has been considerable interest in expanding
the applicability of MPC to other domains of engineering.
In particular, attempts have been made to apply MPC to
dynamical systems with fast response times and which were
traditionally considered unsuitable for MPC implementa-
tion. Therefore, the implementation of embedded model
predictive control presents new technological challenges.
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We have examined alternative pathways for the implemen-
tation of MPC on-a-chip which are summarized with the
following paragraphs:

A. General purpose processor

We have examined a general purpose processor im-
plementation [2], [3]. We used a single board computer
phyCORE-MPC555 that packs the power of Motorola’s
embedded 32-bit MPC555 microcontroller within a minia-
ture footprint. The MPC555 is a high-speed 32-bit Central
Processing Unit (CPU) that contains a 64-bit floating point
unit designed to accelerate advanced algorithms. In order
to implement the optimization required by MPC on this
target, we used a combination of software tools: CodeWar-
rior Integrated Development Environment (IDE), MATLAB,
Real-Time Workshop, and SIMULINK. By combining the
MATLAB/SIMULINK environment with the Code-Warrior
Development Studio, we were able to run Processor-In-the-
Loop (PIL) simulations and analyze the performance using
profiling techniques.

B. Application-Specific Instruction Processor

For the Application-Specific Instruction Processor (ASIP)
implementation [4], [5], [6], [7] we proposed the follow-
ing design framework. By emulating the microcontroller
arithmetic operations, we reduce the precision of the mi-
croprocessor to the minimum, while maintaining stable
control performance for a particular control application.
This reduction is accomplished by series of parametric tests
using different word sizes and utilizing computational tools
to simulate the controlled model. Taking advantage of the
low precision, a Logarithmic Number System (LNS) based
micro-processor architecture was used that provides energy
and computational cost savings. This reduced-precision
ASIP can achieve sampling speeds as low as 32msec for
relatively large problems. Additionally, to quantify the ad-
vantage of reducing the precision, estimations for both 64-
bit FP and 16-bit LNS circuits showed that for an arithmetic
unit that computes addition, subtraction, multiplication and
division, the size required is about 17 times larger for 64-bit
FP.

C. Mixed Software-Hardware Embedded Controller

In this paper we provide a mixed software-hardware
embedded controller, extending the ideas presented in [8],
[9]. A codesign step is used prior to the actual imple-
mentation that decomposes the algorithm into two parts.
One that fits into the host processor and one that fits into



