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Improvement of Predictive Current Control
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Abstract—In a phase controlled rectifier, the fastest response can
be achieved by predictive current control without any overshoot.
However, any error in the load parameters can cause steady state
errors between a reference current and the feedback current be-
cause this current control scheme depends on the mathematical
relationships between the output current, the firing angle, and the
power source voltage. Thus, in the predictive current control, an
accurate parameter is necessary for attaining a zero steady-state
error. In this paper, the load resistance and inductance are esti-
mated using the least square method of an online parameter cal-
culation based on digitally sampled instantaneous voltage and cur-
rents. For the careful sampling of data and the reduction of the
calculation time, a new timer-based gating algorithm is proposed
and explained in detail. Using the proposed algorithm, the fastest
current control performance in the transient state is obtained by
the online correction of load parameters in various simulations and
experimental results.

Index Terms—Parameter estimation, phase controlled rectifier,
predictive current control.

I. INTRODUCTION

NUMEROUS thyristor converters are still in use in many
process control lines as main motor drives for the variable

speed operation of existing dc motors. For example, a rolling
mill driven by a dc motor requires a very fast torque control
response to cope with the impact load at the moment of strip
(material) entrance. Other important applications such as high
power magnetic power supplies and high voltage dc (HVDC)
transmission systems also require accurate and fast control of
load currents. [1], [2].

In a phase controlled rectifier, conventional armature current
control is usually accomplished with a proportional–integral
(PI) controller adjusted for the desired response in the contin-
uous current mode. [3] However, the nonlinear characteristic
due to the discontinuity in the armature current deteriorates
the current control response [3], [4]. An innovative predictive
current control algorithm was proposed in [4] by calculating the
predictive current in real time and comparing with the actual
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current. The fastest current control response can be achieved
by predictive current control without any overshoot [4]–[7].
However, accurate parameters are necessary for a predictive
current controller because any inaccuracy in the load param-
eters can cause steady state errors between the reference and
the feedback current [8], [9]. Although an adaptive parameter
estimation is proposed for time optimal control in [10], only
the load resistance is estimated using computer simulation.

As the conventional predictive current controller compares
a predicted (calculated) current with the actual (sampled) cur-
rent, a short sampling period is required for accurate pulse firing
[4]–[6]. Furthermore, it is difficult to ensure additional time for
correcting the load parameter. Another predictive current con-
trol scheme uses a hardware timer for pulse firing based on the
calculation of the optimal firing angle. However, this scheme
uses an error compensator to avoid the difference between a ref-
erence current and feedback current. As a result, a current con-
trol error is inevitable during a transient state such as a current
reference change [7].

In this paper, the load parameters are estimated online using
the least square method based on the instantaneous sampling
of the voltage and current. Further, a gating algorithm for the
firing angle calculation is proposed for the fastest current con-
trol performance in every possible transient condition. The per-
formance of the proposed algorithm is verified through various
simulations and experiments.

II. PREDICTIVE CURRENT CONTROL

Fig. 1 shows a three phase controlled dual thyristor converter
with a dc load. In (1), the average output voltage is a function of
the firing angle when the converter currents are in the contin-
uous conduction mode. However, in (2), it is a function of the
firing angle and extinction angle in the discontinuous con-
duction mode

(1)

(2)

where firing angle

extinction angle

In Fig. 1, it is assumed that the thyristors in the system act as
ideal switches. When current flows into the load, an equivalent
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Fig. 1. Circuit of a dual thyristor converter with a dc load.

Fig. 2. Equivalent circuit of a dc drive during the turn-on period of a set of
thyristors.

circuit can be described as shown in Fig. 2, and the relationship
between the voltage and current is expressed as

(3)

Generally, it is assumed that the mechanical time constant
associated with a motor is usually much larger than the control
period. Hence, the speed or back emf is not expected to change.
The output current—the solution of (3)—is represented by three
terms as shown in (4) [4]

(4)

where and the equation shown at the bottom of the
page.

Fig. 3. Block diagram of a predictive controller.

Fig. 3 shows the block diagram of a conventional predictive
current controller. The predictive current controller predicts the
current shape of the next firing mode from a reference current,
power source, load parameters, and back-emf. A two-step (on/
off) controller compares the sampled converter current with
the precalculated current and generates the gating signal of
a converter just after intersects with . If all the parameters
are exactly known and the sampling (comparison) time is short
enough, predictive current control can be used to achieve the
fastest current response in a phase controlled rectifier [4].

For accurate firing with conventional predictive current con-
trol, a short sampling period is required for the calculation of

and its comparison with . However, the actual imple-
mentation of this predictive current control required a sampling
time of 55.55 [ s] (electrical degree of 1.2 ) even though a 32–b
DSP (digital signal processor) was used [5]. As a result, the
resolution of the change in the gating angle was limited to the
sampling time and it was difficult to find additional time to de-
velop a better algorithm such as one for parameter correction.
If the load parameters are unknown or different from the actual
values, which is typical during the commissioning, a steady state
current error is inevitable. Although the need of parameter cor-
rection block (dotted line in Fig. 3) was introduced in [4], the
implementation method of correction and any results about the
parameter correction could not found.

III. PROPOSED PREDICTIVE CURRENT CONTROLLER

WITH ONLINE PARAMETER ESTIMATOR

Fig. 4 shows the proposed current control block diagram with
timer gating and online parameter correction. The calculation
time for parameter correction is assured by a modification of
the gating algorithm—the pre-calculation of the firing angle in-
stead of the sampling-based comparison method. The load pa-
rameters can be calculated by the least square method from the

continuous conduction mode
discontinuous conduction mode

firing angle
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Fig. 4. Proposed predictive current controller with an online parameter
estimator.

digitally sampled signals, namely, the load voltage, load cur-
rent, and back-emf. The voltage equation can be approximated
as shown in (5) with a sampling period

(5)

From (5), the load parameters are calculated from a voltage
and current matrix

(6)

where you have the equation shown at the bottom of the page.
In this method, sampling points are carefully selected because

the approximation error of a differential term becomes large due
to a sudden change in the current slope near the firing point.

Prior to the accurate calculation of the firing angle, many con-
ditions should be considered. When the reference current varies
in the continuous conduction mode, the calculation method of
the intermediate firing angle is shown [7]. However, it should
be considered that the reference current varies from the discon-
tinuous conduction mode to the continuous conduction mode
and vice-versa. Fig. 5 shows the relation between the intersec-
tion point and the intermediate firing angle. When the intersec-
tion point is above zero, the intersection point of two currents
has an accurate firing point [as shown in Fig. 5(a)]. However, if
the intersection point is below zero, the firing angle is recalcu-
lated with a zero initial current [as shown in Fig. 5(b)].

Fig. 6 shows the flow chart for the calculation of the firing
angle for both the steady state and transient state. In each cur-
rent control period, the firing angle is calculated in the steady
state. If the reference current remains unchanged, becomes
the firing angle. In a situation involving a changed reference cur-
rent for the continuous or discontinuous conduction mode, the
intersection point is calculated by considering that the pre-
dicted current would intersect with the load current. Thus, if is
above zero, becomes the firing angle. However, if is below

Fig. 5. Transition of the firing angle (a) with the intersection point above zero
and (b) with the intersection point below zero.

Fig. 6. Flow chart of firing angle calculation.

zero, we can obtain the intermediate firing angle using a zero
initial current.
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Fig. 7. Simulation circuit using a dc-motor load.

When the reference current is in the discontinuous conduc-
tion mode, the firing angle is obtained by solving (7) and (8)
iteratively. The values of and are then substituted in (4)

(7)

From the average output voltage condition

(8)

When the reference current changes, the optimum firing angle
in the transient state differs from the firing angle in the steady
state; this is because a change in the average current of an in-
ductor requires additional voltage .

In Fig. 5, the intersecting angle and current are obtained
by solving the two equations derived by substituting the current
reference, steady state firing angle , and intersecting angle
in (4)

(9)

(10)

where

If is below zero, the firing angle must be recalculated from
(10) with a zero initial current 0 .

IV. SIMULATION RESULTS

A simulation block diagram is shown in Fig. 7. Further, the
motor parameters used in this simulation are shown in Table I.
The commercial simulation tool PSIM is used with a DLL (a
C-language based dynamic link library) function.

TABLE I
MOTOR PARAMETERS

Fig. 8. Current control response and firing angle with 100% parameters.

Fig. 9. Current control response and firing angle with 150% parameters.

Fig. 8 shows the ideal current control response when the pre-
dictive current controller is implemented with 100% param-
eters. However, the current control response shows a steady
state error between the reference current and the feedback cur-
rent when the predictive current controller is implemented with
150% parameters (as shown in Fig. 9).

Fig. 10 shows the current control response when a PI con-
troller compensates the predictive current controller. It shows a
zero steady state error but an overshoot appears with a variation
in the reference current.

Fig. 11 shows the performance of the proposed predictive cur-
rent controller with the online parameter estimator. After the
estimated parameter converged, there was no indication of an
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Fig. 10. Current control response and firing angle with a PI controller.

Fig. 11. Current control response, firing angle, and estimatedR andLwith the
online parameter estimator.

overshoot and the steady state error that initially appeared be-
fore estimation started.

V. EXPERIMENTAL RESULTS

The experimental setup is shown in Fig. 12. The main control
board is based on a 32 b floating point DSP, the TMS 320C31
CPU, which has two timers with a time increment step of 80 ns
[11]. An advanced PLL algorithm based on the rotating refer-
ence frame is utilized [12]. The sampling frequency for the pa-
rameter estimation is 10.8 [kHz] and the calculated parameter
is updated every 5.5 [ms].

The proposed calculation algorithm for the firing angle is ver-
ified under various conditions: the reference current varies from
discontinuous to continuous (0 [A] 8 [A]), in the continuous
mode (8 [A] 15 [A]), and from continuous to discontinuous
in the conduction mode (15 [A] 5 [A]).

Fig. 12. Experimental setup.

Fig. 13. (a) Current control response and (b) firing angle with 100%
parameters.

Fig. 14. (a) Current control response and (b) firing angle with 150%
parameters.

Figs. 13 and 14 show the current control response and the
firing angle with fixed parameters of 100% and 150%, respec-
tively. In Fig. 13(a), the overshoot and steady state error are not
visible in the current control response with 100% parameters.
However, the current control response with 150% parameters
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Fig. 15. (a) Current response by the controller parameter and (b) estimated
R;L.

has a steady state error, as shown in Fig. 14(a). In Fig. 13(b),
a step change in the firing angle appears as a result of the step
change in the reference current.

Fig. 15 shows the performance of the proposed predictive cur-
rent controller with the online parameter estimator. A steady
state error appears in the current control response for the in-
correct initial parameters of 150% and values. After the
convergence of the estimated parameter, there is no indication
of the overshoot and the steady state error that initially appeared
before the start of estimation. The load parameters converged to
the actual value in approximately 35 [ms].

VI. CONCLUSION

The steady state error of the predictive current control per-
formance is eliminated by an online parameter estimator of the
dc load in a phase controlled rectifier. The combination of a
fast predictive current control response and the zero steady state
error using parameter estimation demonstrated an ideal current
control response in the simulation and the experiment. A soft-
ware-based phase locked loop is utilized for the implementation
of real-time control, and the firing angle for timer gating is ana-
lytically calculated from the state equations not only for steady
state but also for the transient state. The result of this study can
be applied to the – –Emf loads that require a high perfor-
mance current (torque) control response.
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