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Abstract— This paper presents an algorithmic-specific proces- Due to the above reasons, there has been an increased
sor for embedded Model Predictive Control (MPC). The opti- interest towards the implementation of MPC algorithms on
mizations associated with MPC are dominated by operations on a chip, by research institutions. A real-time implementa-

real matrices. After analyzing the computational cost of MPC . - . .

we propose connecting a limited resource host processor with an tion using an of‘f-the-she_lf processor 1S demonst_rated In [5_]’
algorithmic-specific matrix processor, whose architecture is de- Where the Motorola 32-bit MPC 555 core containing a 64-bit
scribed. The matrix processor uses a 16-bit Logarithmic Number Floating Point (FP) unit is utilized. An alternative approach
System (LNS) arithmetic unit to carry out the required arithmetic  for determining the optimal control moves for a system is
operations. The proposed architecture is implemented using a proposed in [6], where the control law is piece-wise affine and

Hardware Description Language (HDL) and then synthesized . Lo . -
and emulated on a Field Programmable Gate Array (FPGA). continuous. The optimization problem is solved off-line, and

The timing and area cost results are presented and analyzed. during run-time the solutions are invoked from the memory.
Although, this technique is proven to be very efficient in

l. INTRODUCTION terms of performance, the memory growth is superexponential

Model Predictive Control (MPC) [1] is an established conwith respect to the controlled variables. Thus rendering the
trol theory that is being used mainly in the chemical procesystem prohibitive for embedded applications, where the data
industry. Due to its ability to handle Multiple-Input-Multiple- transfers to and from the memory is the dominant factor of
Output (MIMO) systems and to take into account constraingwer consumption. In [7], an FPGA implementation of MPC
and disturbances explicitly, there is an increased researsing a Quadratic Programming (QP) optimization algorithm
effort for its introduction in a wide range of nonindustrialis presented. For fast prototyping, Handel-C is used to describe
applications. Additionally, the explicit handling of constraintshe optimization algorithm in order to convert it to a hardware
by MPC makes it the control algorithm of choice for safetgescription format, which is simulated in conjunction with
critical applications, such as drug delivery, automotive ardatlab, before being downloaded onto an FPGA.
aerospace control systems. As an example, in [2] the use oAlternatively, we propose a custom hardware architecture
MPC is demonstrated for the regulation of the blood glucosensisting of a general purpose microprocessor and an aux-
concentration of a diabetic by injecting insulin according tdiary unit, tailored to accelerate computationally demanding
dynamic measurements of glucose concentration. MPC operations. The general purpose microprocessor acts

The continuously increasing rate of integration capacity s the master in the system, i.e. it carries out the tasks
the semiconductor industry today allows that both the coof Input/Output (I/O), initializes and sends the appropriate
troller and the system under control can be hosted on the satnenmands to the auxiliary unit and receives back the optimal
substrate. These Systems on a Chip (SoC) result on reduasahitrol moves. The auxiliary unit acts as a matrix coprocessor
size devices that can exhibit low-power characteristics and day carrying out matrix operations, such as addition, multipli-
be mass produced more easily than having to assemble discoati#on, inversion etc. This algorithmic-specific stores locally
components after fabrication. The desired characteristics ofthe intermediate results and the matrices involved in the MPC
MPC controller for such systems is to occupy small area, &dgorithm, and it communicates with the microprocessor only
exhibit low-power consumption and to be efficient enough tor initialization and for sending back the results of the MPC
handle the dynamics of a system in real time. For example thlgorithm, thus the communication overhead is minimized
recent advances in microchemical reactor fabrication, whdsetween the two units. Additionally, the Logarithmic Number
the same substrate encompasses a chemical system witBystem (LNS) [8] is used by the coprocessor to carry out the
number of actuators and sensors, pose new challenges in ragthmetic operations required. The utilization of LNS allows
time control [3]. The efficiency of MPC for such systems ishe reduction of the required word-length to 16 bits, and
presented in [4], where the control problems of temperatucensequently a general purpose microprocessor of the same
distribution across a wafer and the non-isothermal flow inword-length is used. The alternative of an equivalent Floating
microdevice are addressed. Point (FP) unit, although it exhibits similar delay to the LNS,
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_NS real-number multiplication, division, squaring, cubThis configuration accelerates considerably the execution of



