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Abstract - This paper describes the proposed active power
filter with the control circuit based on the modified
instantaneous reactive power control algorithm. The control
circuit was realized wusing digital signal processor
ADSP-21065. In the proposed circuit a advanced current
controller algorithm realized using the digital signal
processor ADSP-21065 is employed. The active power filter
circuit was build and tested. Some illustrative, experimental
results are also presented in the paper.

1. INTRODUCTION

Recent wide spread of power electronic equipment has
caused an increase of the harmonic disturbances in the
power distribution systems. The control of AC power
thyristors and other semiconductor switches is widely
employed to feed electric power to electrical loads, such
as: furnaces, computer power supplies, adjustable speed
drives etc. The nonlinear loads draw harmonic and
reactive power components of current from AC mains. In
three-phase systems, they could also cause unbalance and
draw excessive neutral currents. Reactive power burden,
injected harmonics, unbalance, and draw excessive neutral
currents cause a poor power factor and a low power
system efficiency.

Conventionally, passive LC filters and capacitors have

been used to eliminate line current harmonics and to
increase the power factor. However, in some practical
applications, in which the amplitude and the harmonic
content of the distortion power can vary randomly, this
conventional solution becomes ineffective.
To suppress these harmonics, an active power-harmonic-
compensation filter should be used. The active power filter
(APF) can be connected in series or in parallel with the
supply network. The series APF is applicable to the
harmonic compensation of a large capacity diode rectifier
with a DC link capacitor. The parallel APF (shunt active
power filter) permits to compensate the harmonics and
asymmetries of the mains currents caused by nonlinear
loads. Two version of harmonic compensation circuit with
current-fed active power filter is depicted in Fig. 1. In Fig.
la is shown APF without feedback (with unity gain) and in
Fig. 1b APF with feedback. According to its better
stability for realization was chosen APF without feedback
(Fig. 1a).

Shunt active power filter injects AC power current ic to
cancel the main AC harmonic content.
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Fig. 1. Harmonic compensation circuit with current-fed active power
filters: (a) without feedback (with unity gain) , (b) with feedback

The line current is is the result of summing the load
current i and the compensating current ic

Ig =10y +ig, +ig, . 1)

II. PROPOSED ACTIVE POWER FILTER

Simplified block diagram of the proposed active power
compensation circuit with the parallel APF for power of
75 kVA is depicted in Fig. 2. The circuit consists of the
power part with a three-phase IGBT power transistor
bridge IPM (intelligent power module) connected to the
AC mains through an inductive filtering system composed
of inductors L, L,, L;. The APF circuit contains a DC
energy storage, ensured by two capacitors C; and C,. The
control circuit is realized using the digital signal processor
ADSP-21065. The active power filter injects the harmonic
currents Icy, Icy, Icz into the power network and offers
a notable compensation for harmonics, reactive power and
unbalance. The filter is designed for three and four wire
loads.
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Fig. 2. Simplified block diagram of the proposed active power compensation circuit
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A. Control algorithm

Control algorithm for the proposed APF is based on the
strategy resulting from the instantaneous reactive power
theory initially developed by Akagi et al. [1]. Simplified
block diagram for the active power filter control algorithm
is depicted in Fig. 3. (based on the circuit designed in
[3,6]). To the classical instantancous reactive power
algorithm are added additional control parameters, they are
described in Table 1.

TABLE 1

APF CONTROL PARAMETERS

Name Value of parameter
K 1- APF transistors are switch off, capacitors C;
and C2 are charged to initial voltage 510V
0 — APF transistors are switch on
K, 1- APF compensator is switch off, working

only capacitors  voltage  regulator,
capacitors C; and C, are charged to
nominal working voltage 690V

0 - APF compensator is switch on

K, || Value of parameter varying from 0 to 1
1- Harmonics and asymmetry are compensated
0 — Full compensation of reactive power

Py 3 wire or 4-wire circuit

The algorithm realized using the digital signal processor
ADSP-21065L is divided into two parts: the first one has
sampling rate f,; and the second has sampling rate f,. The
digital signal processor is synchronized with the mains
voltage U, and the algorithm is performed RN times per the
mains period. The sampling periods can be calculated with
the formula

T, T,
T, :W and T, = N (2ab)
where:

T, — period of the mains voltage,

f. = T,'— frequency of the mains voltage,

R — oversampling ratio,

N — total number of samples per mains period.

For the mains voltage frequency of f;=50 Hz and the
number of samples chosen to N=256 and R=8, the sampling
periods is equal T}, =78.125 s, T,, =7.766 us and the
sampling rate is equal to f;,;=12800 samples/s
f,2=102400 samples/s. Three-phase current signals can be
transformed into the equivalent two-phase representation.
The transformation (1-2-3 — a-£-0) from the three-phase
current signals i1(n7}), iro(nTy1) ivs(nTy1), to the two-phase
iLe, Iy With an additional neutral signal i ¢ can be written in

a matrix form as
iLa(nTpl) 1 _1/2 _1/2 iLl(nTpl)
i (T |- \E 0 32 32| |inr,)|®
iro (”Tpl) 1/\/g 1/\/g 1/\/g iL3(nTpl)

where: i ,(nT,) — digital representation of signal i, for
sampling period T},
n — index of the current sample.

In the next step, the two-phase signals are transformed from
the rotating to the stationary reference frame. This
transformation is commonly called the reverse Park
transformation and can be digitally calculated by equations

p+ (nTpl ):iLa (nTpl )Sin (2%} _iLﬂ (nTpl )COS (2]7\'[]}1]
Z;njﬂw (nTpl )Sin(zz\t[n)

and the digital sinusoidal reference signal is given by
formula

sin(znnjzsin(znfplnTplj ) %)
N N

In order to generate the reference sinusoidal and
cosinusoidal signals, a table containing sinus function
values is allocated in the digital signal processor program
memory. Signal p'(nT,) represents instantaneous active
power and signal ¢'(nT},) instantaneous reactive power.
The DC components of signals p'(nT,) and g ' (nT,;) are
removed by a high-pass digital IIR filter. The low pas filter
is described by equation

“4)

q*(nTp, )ZiLa (nTp1 )cos [

b—bz"
H(z)=
(Z) l+az™”
and
2]7:‘ 1—2i
b:—‘“T , a:—;‘ (6abc)
1+2-1- 1+2-L
pl pl

where: T — the reference (analog) filter time constant.

For stabilizing the DC voltage a proportional controller is
used, response of it is calculated by equation

AUy (nTy) = by (U (nT,) = Uy (nT,) + Uy (nT,)
)

where:
Ucy, Ucy — voltage on capacitor C; and C,, respectively,
kp — gain of voltage controller,
Ur — DC reference voltage.

Signal AUcy(nT,) is subtracted from the component
+
p (”Tpl)

pe(nTy)=p  (nT,) = AU, (nT,) ®)

In the next step components pc and ¢* are transformed by
Park transformation to the two-phase representation



nJ+q*(nTpl)cos(2;nJ
nj+q+(nTp1 )sin (2;\3”)

)

and then transformed back to the three-phase reference
current signals

a0, )= o, Join (25

icr g (nTp1 )=— D (nTp1 )cos (2;

iCRl(nTpl) 3 2/3 0 \/6/3 iCRa(nTpl)
icro (nTy,) :\/; -1/3 ‘/5/3 \/6/3 icg p (nT1)
iCRS(nTpl) _1/3 _\/5/3 \/5/3 iLo(nTm)
(10)
In the next step the output compensation reference
current signals  icri(nTp1), icra(nTp1)  icrs(nTp1) are

interpolated with oversampling ratio R=8, to signals
iCRl(nsz), iCRz(nsz) iCR3(nTp2). Block diagram of the
chosen polyphase interpolator based on FIR filter with
periodically time-varying coefficients is depicted in Fig. 4.
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Fig. 4. Polyphase interpolator with periodically time-varying coefficients
for R=8 block diagram
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Finally, the output compensation reference current
signals and transformed to transistor controlling pulses by
current controller. Initially in the proposed circuit a
hysteresis current controller algorithm realized using the
digital signal processor ADSP-21065 is employed.
Hysteresis control algorithm is based on anonlinear
feedback loop with two-level hysteresis comparators. The
inverter switching speed depends largely on the load
parameters. In the proposed APF advanced hysteresis
current controller with variable width of the hysteresis
(Fig. 5) is applied. It has additional improvements:

e maximum switching speed is limited,

o switching speed dependends on the 'speed history’,

e switching speed is dependent on the compensation
reference current signals icg;; the higher the signal level
the lower is the switching speed.

Fig. 6 shows dependence of compensation reference
current signals icri(n7};) level on the switching speed. For
low level the signal switching speed is around 25 kHz, and
for higher level of signal is around 7 kHz.
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Fig. 5. Block diagram of hysteresis current controller algorithm with
variable width of the hysteresis

In the next step of developing current controller
algorithm, current delta sigma modulator (CDSM) [4] will
be implemented.
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Fig. 6. Experimental waveforms, illustration of the dependence of compensation reference current signals icri(n7},) level on the switching speed: (a) for
high level of signal, (b) for low level of signal



III. ACHIEVED RESULTS
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9a). The harmonic spectrum of the line current /5, and 0-5mH
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Fig. 10 shows the steady-state performance of the active ﬁE: ﬁE: ﬁﬁ: . BmE Iung,gov
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load current /; ; and line current /g;(Fig. 9a). The harmonic e Qs Qg C: _
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current /;; is depicted in Fig. 10b.
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Fig. 8. Three-phase active power filter test circuit
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Fig. 9. Experimental waveforms of active power filter in steady-state with the resistive load: (a) curve 1 line current I, (green), curve 2 load current [,
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Fig. 11 Active power filter in our laboratory

IV. CONCLUSIONS

This paper describes the proposed active power filter with
the control circuit based on the ADSP-21065 DSP EZ Lite
Starter Kit. The new active power filter for power of
75kVA was build and tested. Some illustrative,
experimental results are also presented in the paper. The
proposed technique makes the compensation process
instantaneous. Control algorithm of the proposed APF
based on the control strategy following from the modified
instantaneous reactive power theory is implemented in the
floating-point digital signal processor ADSP-21065. In the
present time designed active power filter is still under
development in our laboratory.
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