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Abstract  —  Several proposals exist to use predictive control
algorithms for inverter control. Besides their common basic idea
to use the extremely non-linear but well-known behaviour of
inverters to precalculate the best switching times there are many
differences in detail. This is the time for an attempt to design a
“family tree” of predictive control algorithms by pointing out
similarities and differences of the algorithms published so far.

I. INTRODUCTION

For more than 20 years the field oriented control is state-
of-the-art in industrial drive applications, though first ide-
as of predictive control have already been proposed in the
60s [1]. After a more “silent” period in the following
decade, many fundamental predictive control systems like
Direct Torque Control (DTC) [2], Predictive Current Con-
trol [3] or Generalized Predictive Control (GPC) [4] ap-
peared during the 80s. More methods have been invented
to control the armature current of DC-machines connected
to a line-commutated converter [5-7]. Since DC-drives have
lost their importance in applications with dynamic require-
ments more and more, this paper only deals with predictive
control structures concerning inverter supplied AC-ma-
chines.

During the last decade lots of publications on predictive
control have been announced. Some of them are improve-
ments or enhancements of control methods published ear-
lier like [8], whereas other authors have proposed new
ideas, e.g. [9,10], but even these in most cases are further
developments or combinations of fundamental predictive
control algorithms.
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All these papers show, that behind the simple expression
“predictive control” there is a very wide variety of differ-
ent control methods. Most of these methods have been
proposed by different authors independent from each oth-
er. Having a closer look, it is clear, that in spite of their
individual developments there are many similarities be-
tween the different algorithms. For a more generalized
way to deal with predictive control it is useful to design a
“family-tree” of the different control methods.

This paper gives a structure to different control algo-
rithms separating them into classes of predictive control.
At first the general idea of predictive control will be ex-
plained and compared with field-oriented control. After-
wards the different classes of predictive control will be
illustrated and a kind of family-tree will be designed. Fi-
nally the results will be given in a short summary at the
end.

II. CHARACTERIZATION OF PREDICTIVE CONTROL

The typical structure of a predictive current controller is
shown in Fig. 1. This example shows a position control
system. The state variables of the drive, e.g. the machine
current I, the speed ω and the angle ϕ are fed into a model
of the machine and the power electronics. The information
derived from the model is given to a block called “predic-
tion and calculation”. This block can be regarded as the
heart of a predictive control system. Comparing the actual
machine state with the reference value of the drive posi-
tion, the correct switching state of the inverter will be

Fig. 1. Structure of typical Predictive Controller
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Fig. 2. Structure of typical field oriented controller

Fig. 3. Structure of typical Cascade Controller

chosen corresponding to the implemented optimizing cri-
teria, which for example can be the minimum switching
frequency, the minimum current distortion or the mimi-
num torque ripple.

Since the inverter has only a finite number of switching
elements, the number of possible switching states is limit-
ed as well. For each of these switching states an equivalent
circuit of the drive system without switching elements can
be defined. Therefore the behaviour of inverter and ma-
chine can be calculated separately and in advance for each
of the switching states . Comparing the results of the calcu-
lation with the desired behaviour of the system, the opti-
mal switching state of the inverter can be derived. A com-
parison between the precalculated and the real values at
the end of the switching cycle allows the correction of
model errors. Then the next switching state and switching
time will be calculated using the corrected values.

State-of-the-art in most drive applications is the field
oriented control. Fig. 2 shows one of many possible schemes.
Basically there is a threefold cascade structure consisting

of current/torque control, speed control and position con-
trol (Fig. 3). Corresponding to this, there are three control-
lers: position, speed and current/torque controller.

The major problem of cascaded controls is the limitation
of the dynamic behaviour caused by the cascaded structure
itself. The inner loop must be as fast as possible to reach an
acceptable dynamic behaviour of the whole system. This
means the use of high performance controllers only to deal
with the inner control loops in proper calculation times
(e.g. several microseconds).

The non-linear characteristic of inverters, which is usu-
ally considered by linearization represents another prob-
lem. Many proposals concerning this difference can be
found in literature. Linearization, however, leads to inac-
curacies in the description of the inverter and drive charac-
teristics. In spite of many adaptation circuits, a non-opti-
mal behaviour of the whole drive system and more side
effects are the result.

In contrast to standard closed loop controls, predictive
control uses the fact, that the switching behaviour of an
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inverter can be predicted. The response of the drive to a
certain switching state can be described by mathematical
equations. The cascade stucture disappears, because all
measured system variables will be considered in only one
controller. Since there are no cascaded controllers any
more, the dynamic of the control system will be improved.
Non-linear characteristics of the inverter and drive can be
considered in the model and the predictive controller.

Predictive control is a possibility to control an inverter
supplied drive with high dynamic and sufficent accuracy
in spite of the inverter’s and the drive’s non-linear charac-
teristics.

III. OVERVIEW ON PREDICTIVE CONTROL STRATEGIES

Having a closer look at the different predictive control
strategies published so far, it is possible to separate them
into three main groups, hysteresis based, trajectory based
and model based predictive control. These “classes” of
predictive control will be explained in the following para-
graphs.

A. Hysteresis Based Predictive Control

Hysteresis based predictive control strategies try to keep
the controlled system variables between the boundaries of
a hysteresis area or space. The most simple form of this
principle is a so called “bang-bang-controller”. Though
bang-bang controllers usually are not considered as pre-
dictive controllers in literature, they clearly show the char-
acteristics of a typical predictive controller. An improved
form of a bang-bang controller is the predictive current
controller proposed by Holtz and Stadtfeld [3].

Using predictive current control, the switching instants
are determined by suitable error boundaries. As an exam-
ple, Fig. 4 shows a circular boundary, the location of which
is controlled by the current reference vector is∗. When the
current vector is touches the boundary line, the next switching
state vector is determined by prediction and optimization.

The trajectories of the current vector for each possible
switching state are computed, and predictions are made of
the respective time intervals required to reach the error
boundary again. These events also depend on the location
of the error boundary, which is considered moving in the
complex plane as commanded by the predicted current
reference. The movement is indicated by the dotted circle
in Fig. 4. The predictions of the switching instants are
based on mathematical equations of the machine. The switch-
ing state vector that produces the maximum on-time is
finally selected. This corresponds to minimizing the switching
frequency.

The maximum possible switching frequency is limited
by the computing time of the algorithms which determines
the optimal switching state vector. Higher frequencies can
be handled by employing the double prediction method:
Well before the boundary is reached, the actual current
trajectory is predicted in order to identify the time instant
at which the boundary transition is likely to occur. The
back emf vector at this time instant is predicted then. It is
used for the optimal selection of the future switching state
vector using the earlier described procedure.

A further reduction of the switching frequency, which
may be needed in very high-power applications, can be
achieved by defining a current error boundary of recangu-
lar shape, having the rectangle aligned with the rotor flux
vector of the machine. Using field-oriented predictive cur-
rent control, the switching frequency can be reduced more
than with a circular boundary area in stator coordinates
[11].

Holtz and Stadtfeld optimized their predictive controller
for minimum switching frequency. Since 1983, when the
algorithm was published, the demand for low switching
frequency has decreased. Today different optimizing crite-
ria have more importance, e.g. low current distortion or
low electromagnetic inferences (EMI). Modifications of
the predictive current control are consequently under con-
sideration.

B. Trajectory Based Predictive Control

The principle of trajectory based predictive control strat-
egies is to force the system’s variables onto precalculated
trajectories. Control algorithms according to this strategy
are e.g. Direct Self Control (DSC) by Depenbrock [12] or
Direct Mean Torque Control (DMTC) by Flach, Hoffmann
and Mutschler [9]. Some more methods like Sliding Mode
Control [1] or Direct Torque Control (DTC) [2] are a

Fig. 4. Predictive current control, boundary circle and space vectors
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combination of hysteresis- and trajectory-based strategies,
whereas Direct Speed Control (DSPC) by Mutschler [13]
can be identified as a trajectory-based control system, though
it also has a few hysteresis-based aspects. DSPC will be
further explained as an example of trajectory-based pre-
dictive controllers.

In contrast to cascade controllers, predictive algorithms
offer the possibility to control the desired system values
directly. Most predictive control methods published so far
only deal with stator currents, torque or flux (linear) di-
rectly, the drive speed is controlled by a superimposed
control loop. Direct Speed Control (DSPC), in contrast,
has no control loop of this type; the switching events in the
inverter are calculated in a way, that speed is directly
controlled in a time-optimal manner.

Similar to the methods of Depenbrock [12] and Taka-
hashi/Nogushi [2], the switching states of the inverter are
classified as “torque increasing”, “slowly torque decreas-
ing” or “rapidly torque decreasing”. For small time inter-
vals the inertia of the system and the derivatives of ma-
chine torque and load torque are assumed as constant val-
ues. The behaviour of the system leads to a set of parabolas
in the speed error vs. acceleration area as shown in Fig. 5.

The initial state of the system is assumed being ek/ak. In
this state, a “torque increasing” voltage vector has to be
produced by the inverter and therefore the switching state
Sk is chosen. The state now travels along the dotted parab-
ola until the point ek+1/ak+1 is reached. This is the inter-
section with another parabola for a “torque decreasing”
switching state Sk+1, which will pass through the point
“ +Hy”. The intersection ek+1/ak+1 has been precalculated
as the optimal switching instant to reach the desired state
point “+Hy” as fast as possible. So, in ek+1/ak+1 the invert-
er is commutated into the switching state Sk+1. Then the
state of the system travels along the new parabola until the
point ek+2/ak+2 is reached. At this point the inverter is
switched again into a “torque increasing” state, Sk+2. The
corresponding trajectory passes the point “−Hy”. In steady
state, the state moves along the path +Hy–ek+2/ak+2–−Hy–
ek+3/ak+3–+Hy. Hence the speed error e is kept in the
hysteresis band between −Hy and +Hy. This is the hystere-
sis aspect of this strategy mentioned above. Of course, the
optimal steady-state point would be the point of origin.
Since the switching frequency of the inverter is limited,
the drive state cannot be fixed to that point. So the hystere-
sis band is defined to keep the switching frequency in an
acceptable range.

The algorithm of DSPC clearly shows the main principle
of predictive control, that foreknowledge of the drive sys-
tem is used to precalculate the optimal switching states
instead of trying to linearize the nonlinear parts of the
system and then control them by PI-controllers. The speed
can be controlled direcly without a cascade structure.

C. Model Based Predictive Control

Whereas there seems to be a kind of relationship be-
tween hysteresis based and trajectory based predictive control
strategies, model based predictive control (MBPC) is founded
on totally different ideas. Hysteresis and model based al-
gorithms only use the actual system values to calculate the
next switching state of  the inverter. MBPC also takes into
account the past and searches for the best switching states
not only concerning the next cycle but up to a specified
horizon. Regarding its stucture it seems to have more in
common with state control or predictive Kalman filters.
Clarke [14] gives a good survey on model based or adap-
tive predictive control and its historical development. He
also proposed Generalized Predictive Control (GPC) [4] as
one of many more model based predictive algorithms. The
main ideas of MBPC will be illustrated in the following.

Fig. 6 shows the typical structure of Model Based Pre-
dictive Control. Its central part is a model, which is used to
predict the future behaviour of the system. The prediction
has two main components:

Fig. 6. Typical structure of MBPC

Fig. 5. DSPC: Trajectories in the e/a-state plane
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Fig. 7. Family tree of predictive control algorithms

• the free response, being the expected behaviour of the
output y(t+j) assuming zero future actuating values.

• the forced response, being the additional component
of output due to the precalulated set of future actuat-
ing values u(t+j).

For linear systems the total prediction, called “total re-
sponse”, using the principle of superposition is taken to be
the sum of the free response and the forced response. This
sum is calculated up to a finite prediction horizon. Associ-
ated with the prediction range, there is a future reference
sequence, being the target values the output should attain.
The difference between the future reference and the total
response results in the future errors of the system. An
optimizer determines the best set of future controls u(t+j).
An open loop-strategy would simply assert this set of con-
trols in sequence. The use of the receding-horizon ap-
proach makes the MBPC a type of a closed-loop feedback
control. Only the first member of the set – u(t) – is trans-
mitted to the controlled system, and the whole operation of
prediction, optimization and control is repeated at each
sample. Feedback of the current state values y(t) is per-
formed by the prediction equations.

Differences between the various types of MBPC mostly
can be found in the structure of the models. Some algo-
rithms try to include a disturbance model to improve the
stability of the system. Other distinctions can be made
regarding the optimizer or the on-line estimation of the
model parameters.

Looking at the basic structure of MPBC it is clear, that
its main principle, the superposition of free and forced
response only works correctly for linear systems. MPBC
here is in contrast to trajectory or hysteresis based predic-
tive control strategies, which are especially suited for non-
linear systems. Nevertheless some papers (e.g. [15]) show
that a good performance controlling inverter supplied drives
can be achieved .

IV. SUMMARY

Discussing the main strategies of predictive control a
family tree can be designed. As shown in Fig. 7, control
methods with trajectory or hysteresis based algorithms are
intensively related to each other. Model based control is
founded on completely different strategies and forms a
family of its own. Since the individual algorithms of MBPC
only differ in the structure of the system and the distur-
bance model, they are not included in the family tree of
Fig. 7.

The examples presented show, that predictive control is
a good alternative in comparison to conventional cascade
control.  The advantages of predictive control are a better
representation of nonlinear systems, the possibility to use
the foreknowlegde of the drive system and – in many
cases – no need for a cascade structure.
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Predictive control sometimes is compared with Fuzzy
control although it is something completely different. Fuzzy
control is especially suited for controlled systems, where
the physical background is completely unknown or very
difficult to be described mathematically. Using Fuzzy con-
trol for electrical drives would mean to ignore totally all
foreknowledge of the system and therefore stands in direct
contrast to the main principle of predictive control.

Though predictive control has been well known for more
than 15 years, industrial applications are very rare. Almost
all implementations have been made only for research in-
vestigations, except for Direct Self Control [12] and its
derivates like e.g. Direct Torque Control [2,16]. The chal-
lenge is the commissioning of a predictive controlled drive.
Since there is no cascade structure, a step-by-step proce-
dure is not possible. The nonlinearities must be imple-
mented into the control structure and the parameters of the
model must be determined. For an easy-to-do starting process
a self-commissioning feature must be included in the sys-
tem.
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