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Abstract--This paper presents the simultaneous coordination 

for back to back control scheme using a B-spline artificial neural 
network. The main task is that the power converters operation 
adapt by itself during the grid changes. The basic problem 
consists of tuning the PI controllers simultaneously when the 
system and load are subjected to disturbances. The B-spline 
neural network is an efficient tool to implement the adaptive 
tuning controllers, with the possibility of carrying out this task 
on-line taking into account the systems' non-linearities and 
uncertain situations. The applicability of the proposal is 
demonstrated by simulation in a back to back configuration 
connected to a single load. Results show that the proposed 
controllers’ tuning is comparable to that obtained by a 
conventional design, without requiring a detailed model analysis. 
The results are analyzed in detail and some important 
conclusions are drawn. 
 

Index Terms--Adaptive control, back to back, power 
converters, simultaneous tuning. 

I.  INTRODUCTION 
OWADAYS several applications used power electronics 
circuits, like electric power converters which transforms 

the voltage from one type to another (DC-AC or AC-DC). 
These devices are known as voltage source converters (VSC), 
where pulse width modulation (PWM) control technique is 
widely employed. Interfacing circuits deal with power and 
control stages, using power semiconductor that operate at high 
frequencies. They become in different topologies and 
functions for a variety of applications such as motor drives, 
computer’s power adapters, uninterruptible power supplies 
(UPS), flexible AC transmission systems (FACTS), and 
alternative energy production systems [1-4]. 

In the case of electrical power generation wind and solar 
power may be considered of the most promising renewable 
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energy sources, but the control schemes are an important issue 
[5]. There are extensive frameworks of various types of 
electrical machines and controls algorithms that have been 
developed for wind generator applications [6-10]. 

Among the schemes of wind energy conversion systems 
(WECS), the induction machine and permanent magnet 
synchronous machine are seen as promising elements for 
energy conversion [6-8,11]. Back to back (BTB) arrangement 
based on power electronics is required to take advantage of the 
benefits [12-13]. One of the main tasks that are seeking for the 
system is that it can operate at variable speed according to the 
wind nature. However, in order to the electricity can be 
exploited either in stand-alone operation or connected to the 
conventional grid, a suitable control scheme is necessary to 
deal with different operating conditions and uncertainties in 
the network due to the parameters or load variations. 

Several studies that examine wind energy conversion 
systems have been developed and make different proposals 
about what should be the control scheme and the tuning 
methodology [12-16]. [5] presents a review of numerous 
control strategies adapted for WECS application, thus 
establishing that there is great interest in getting the best 
algorithm for secure and reliable system operation. Some of 
them considered PI controllers for control schemes in back to 
back converters [17-18]. The linear models design can exhibit 
some deficiencies for instance the linear controller tuning is 
guaranteed around an equilibrium point, when the system is 
subjected to changes in its operating condition or structure the 
performance is diminished. There are also several proposed 
adaptive controls to determine the controllers [16, 19-20]. In 
[20] adaptive PID gains for each controller to achieve 
satisfactory performance is proposed. 

In this paper a B-spline neural network (BSNN) is 
employed for two main tasks one for PI simultaneous tuning, 
taking care of a key feature: the proposed controller must be 
able to enhance the system performance; the second the online 
parameters updated can be possible. The strategy is proposed 
to update conventional PI parameters for currently operating 
in power converters that were tuned time ago. The main idea 
is to re-tune basically the control gains through an on-line 
procedure, which involve a few measurements. After that, the 
same controllers’ devices may continue working properly 
under different operating conditions and topologies. Results 
show that this idea works adequately, independently of the 
operation condition. 
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Fig. 1. Back to back converter schematic diagram. 

II.  AC-DC-AC CONVERTER MODEL 
The back to back converter shown in Fig. 1 is formed by 
two shared VSC with a common DC bus. Both converters can 
operate as a rectifier or inverter depending on the power flow 
direction and the operation is complementary. The source side 
converter is designated as VSC1 and the converter connected 
to the load side as VSC2. Assuming a balanced three-phase 
system without harmonics, phase voltages and currents for the 
system shown in Fig. 1 are given by, 
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where the voltage and current VSC1 input and VSC2 output 
are represented by 1,2; ,  is the phase angle between voltage 
and current. 

A.  VSC Dynamic Model 
The VSC shown in Fig. 2 is the three-phase diagram with 

three-wire connected to the AC load represented by an 
equivalent Thevenin circuit by means a coupling transformer 
inductance and resistance (LT, RT). The converter DC terminal 
is connected to a shunt capacitance, Cdc, and resistance, Rdc, 
representing the losses of the switching and affiliated 
components. The three-phase AC side VSC voltage balancing 
equations are expressed as [21]: 

LS
dIabc

dt
+ RSIabc + LT

dIabc

dt
+ RT Iabc = VSabc − VTabc 3( )  

where ; ; 
 are the three phase current, source 

and terminal voltage vector, respectively. 
The rms amplitude  is obtained by the PWM 

modulation index 0 1 . The frequency  and phase 
angle  are PWM voltage source converter controllable 
variables. When it is connected to a constant frequency load or 
AC system only  and  need to be used for the control 
structure. 

 
Fig. 2. Voltage source converter model. 

The DC-side voltage dynamic expression is deduced based 
on power balance between the AC and DC-side as, 

vdc t( ) idc t( ) = P t( ) − PL t( ) 4( )  

where  is the instantaneous real power at point of 
common coupling voltage;  includes the total power loss; 
and  is the transferred power from the DC side to 
the load. Loss components include: a) capacitor dielectric loss, 
b) switching and on-state loss, and c) losses in the converter 
AC-side components represented by . The DC current is: 

Cdc
d vdc

dt
= idc − vdc

Rdc

5( )  

and the DC and AC side power balancing: 
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abc
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B.  Control Structure 
The control objectives which are set for the BTB operation 

depend on the application, for instance: 1) AC voltage; 2) AC 
frequency; 3) active power; 4) reactive power; and 5) DC 
voltage regulation. Two control tasks are assigned to each 
VSC and how they allocate can be arbitrary. Fig. 1 shows the 
BTB converter control structure. 

The control targets choice and thus the drivers are 
depending on the application. For example distributed 
generation systems it is usual that the control block includes a 
scheme for regulating the AC frequency and voltage. 
Therefore, in this paper we are controlled AC voltage and 
frequency value but also DC link voltage regulation is 
required. 

The VSC2 must ensure constant values for load variables. 
In this converter the control problem is to determine the 
reference signal in the PWM control scheme to allow the 
terminal voltage tracking the desired reference values. The 
carrier signal is fixed in 2 KHz for 60 Hz load. Hence, the 
needed measurement is the three-phase voltage at the 
connection point. For control purpose a dq0 conversion is 
employed, 

Vdq0 = TVabc 7( )  

where, 

T = 2
3

sin ωt( ) sin ωt − 2π
3

⎛
⎝
⎜

⎞
⎠
⎟ sin ωt + 2π

3
⎛
⎝
⎜

⎞
⎠
⎟

cos ωt( ) cos ωt − 2π
3

⎛
⎝
⎜

⎞
⎠
⎟ cos ωt + 2π

3
⎛
⎝
⎜

⎞
⎠
⎟

1
2

1
2

1
2

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

8( )  

The angular velocity is acquired by PLL strategy and the 
error signal employed for obtaining the PWM reference signal 
is, Fig. 1, 
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Defining the voltage as reference, there are two separate 
axes 90 electrical degrees. d-axis is in phase with the reference 
vector, whereas-q axis is delayed 90 degrees respect to 
voltage, similarly, into a d-q component the current is 
decomposed. Therefore, _ 1.0 pu and _ 0.0. For 
computing the PWM reference signal in dq frame a PI 
controller is included, after that, an inverse transform is 
applied from dq to abc. To obtain a PWM signal for VSC2 
control a comparison between this signal and the carrier one is 
done, Fig. 1. 

In the case of VSC1 a DC link voltage control is carried 
out, one possible strategy implied that the reactive power flow 
must be zero. The regulator scheme needs the voltage and 
current measurement from the source, similar to VSC2 the dq0 
transformation is applied. The first PI controller is required to 
attain d current reference, _ , based on  error signal, _  is fixed equal to zero. The input for the second PI 
controller is, 
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Current regulator with feedforward voltage and current 
signals obtains the PWM reference signal in dq frame [22]. 
Hence, an inverse transform is applied from dq to abc, Fig. 1. 
The carrier wave is established equal to VSC2. 

This paper proposes the use of adaptive PI controllers to 
maintain the voltage and frequency AC load and DC link 
voltage constant, Fig. 1. We have three PI controllers that 
must be tuning to achieve the best back to back converter 
performance. Reactive power flow should be maintained close 
to zero. Both parameters the proportional and integer gains are 
updated online to attain a proper performance under different 
operating conditions, without restructuring the control scheme. 

III.  CONTROLLER TUNING 
The proposed can be achieved adding a B-spline neural 

network to update  and  gains in the three PI controllers, 
Fig. 1, where each PI transfer function is given by, 

U s( )
E s( )

=
kI + kps

s
11( )  

Thus,  and  are updated from a B-spline neural network 
at every sampled time. With this purpose, six artificial neural 
networks (ANN) are assembled in the control scheme. 

The major advantages of the artificial neural networks are 
the controller’s design simplicity, and their compromise 
between the complexity of a conventional nonlinear controller 
and its performance. The B-spline neural networks are a 
particular case of neural networks that allow to control and 
model systems adaptively, with the option of carrying out such 
tasks on-line, and taking into account the power grid non-
linearities. 

A.  Neural network scheme 
A B-spline function is a piecewise polynomial mapping, 

which is formed from a linear combination of basis functions, 
and the multivariate basis functions are defined on a lattice 
[23]. The on-line B-spline associative memory network 
(AMN) adjusts its weights iteratively in an attempt to 
reproduce a particular function, whereas an off-line or batch 
B-spline algorithm typically generates the coefficients by 
matrix inversion or using conjugate gradient. B-spline AMNs 
adjust their (linear) weight vector, generally using 
instantaneous least mean square (LMS)-type algorithms, in 
order to realize a particular mapping, modifying the strength 
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with which a particular basis function contributes to the 
network output. 

Through BSNN there is the possibility to bound the input 
space by the basis functions definition. Generally, only a fixed 
number of basis functions participate in the network’s output. 
Therefore, not all the weights have to be calculated each 
sample time, thus reducing the computational effort and time. 

The BSNN’s output can be described by [23],                                                                               12  … ;     …     13  

where  and  are the i-th weight and the i-th BSNN basis 
function output, respectively;  is the number of weighting 
factors. 

In this paper it is proposed that  and  be adapted 
through one B-spline neural network, respectively, for each 
voltage source converter. The error signals described in 
section II, , are the inputs to adapt the gains, Fig. 1. Such 
election is made based on the close relationship between 
controllers and gains performance. Then the dynamic control 
parameters for back to back system can be described as 
follows: ,                                                         14  ,                                                         15  

where  denotes the B-spline network which is used to 
calculate  and ;  is the corresponding weighting 
factor; 1,2,3 number of PI controllers. Fig. 3 depicts a 
scheme of the proposed B-spline neural network.  

 
Fig. 3. Proposed BSNN for adapting  and  control parameters. 
 

The appropriate design requires the following a-priori 
information: the bounded values of , the size, shape, and 
overlap definition of the basis function. Such information 
allows to bound the BSNN input and to enhance the 
convergence and stability of the instantaneous adaptive rule 
[23]. Likewise, with this information the BSNN estimates the 
optimal weights’ value. The neural network adaptive 
parameters, (12)-(15) are created by univariate basis functions 
of order 3, considering that  are bounded within [-12, 12]. 

B.  Learning rule 
Learning in artificial neural networks is usually achieved by 

minimizing the network’s error, which is a measure of its 
performance, and is defined as the difference between the 
actual output vector of the network and the desired one. 

On-line learning of continuous functions, mostly via 
gradient based methods on a differentiable error measure is 
one of the most powerful and commonly used approaches to 
train large layered networks in general [24], and for non-
stationary tasks in particular. 

In this application, the parameters' quick updating is looked 
for. While conventional adaptive techniques are suitable to 
represent objects with slowly changing parameters, they can 
hardly handle complex systems with multiple operating 
modes. The instantaneous training rules provide an alternative 
so that the weights are continually updated and reach the 
convergence to the optimal values. Also, conventional nets 
sometimes do not converge, or their training takes too much 
time [24-25]. 

In this paper, the neural network is trained on-line using the 
following error correction instantaneous learning rule [24], 1                               16  

where η is the learning rate and  is the instantaneous 
output error. 

Respect to the learning rate, it takes as initial value one 
point within the interval [0, 2] due to stability purposes [23]. 
This value is adjusted by trial-and-error. If η is set close to 0, 
the training becomes slow. On the contrary, if this value is 
large, oscillations may occur. In this application, it settles 
down in 0.051 for , and 0.0016 for . 

It is proposed that during the actualization procedure, a 
dead band is included to improve the learning rule 
convergence. The weighting factors are not updated if the 
error has a value below 0.1%, 1 a , if | | 0.00011 ,                              otherwise        17  

This learning rule has been elected as an alternative to those 
that use, for instance, Newton’s algorithms for updating the 
weights [24-25] that require Hessian and Jacobian matrix 
evaluation. Regarding the weights’ updating, (16) should be 
applied for each input-output pair in each sample time; the 
updating occurs if the error is different from zero. That is the 
reason because it is said that the weights converge to optimal 
values [23]. 

Thus, the proposition consists fundamentally on 
establishing its structure (the definition of basis functions) and 
the value of the learning rate. Regarding the weights’ 
updating, (16) should be applied for each input-output pair in 
each sample time; the updating occurs if the error is different 
from zero. Respect to the learning rate, it takes as initial point 
one value inside the interval [0, 2] due to stability purposes. 
This value is adjusted through trial-and-error; with a value 
close to zero the training becomes slow. 

Hence, the BSNN training process is carried out 
continuously on-line, while the weights’ values are updated 
using only two feedback variables. 

1w

2w

∑( )te

input basis functions weight vector output
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2a
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IV.  TEST RESULTS AND ANALYSIS 
In order to demonstrate the feasibility of this proposition, a 

back to back scheme is employed. Matlab-Simulink [26] are 
used for simulation, the proposed tuning performance is 
exhibited. To analyze the results, simulations are developed 
under different scenarios with PI controllers tuned by BSNN 
(dynamic parameters), ANNPI. Some operating conditions are 
taken into account. To examine the results three situations are 
presented. The systems data are: for the source 23KV, 
50MVA, 60Hz and the load 60 Hz, 20KW, 380V. 

The first condition shows when the system starts its 
operation, the variables have a zero value. Fig. 4 exhibits the 
load voltage evolution; about 2 cycles to achieve the stationary 
state are needed. 

 
Fig. 4. Load voltage when the operation system starts, case 1. 

 The PWM behavior by terminal voltage converter is 
observed, Fig. 5 presents the phase a. The PI control 
parameters obtained by means an adaptive scheme display 
very well performance, allowing the converters to operate 
properly and the interest variables reach the desired steady 
state value. Fig. 6 exemplifies the BSNN performance for  
gain in controllers 2 and 3; the initial values are 0.3 and 5.4, 
respectively. 

 
Fig. 5. Converter terminal voltage when the operation system starts, case 1. 

The second condition illustrates the system’s evolution when 
the load is increased in 100 percent. It is clear the transient 
response is smaller than the first case due essentially the initial 
conditions are different to zero. The controllers with adaptive 
control parameters have a very short transient time, less than 
one cycle, Fig. 7-9. 

 
Fig. 6. Proposed BSNN for adapting  gains in controllers 2 and 3, case 1. 

 
Fig. 7. Load voltage when the load is increased 100 percent, case 2. 

Fig. 7 presents the load voltage and Fig. 8 the source 
current. Fig. 9 displays the integral gain’s evolution for 
controller three. Quite similar results are exhibited for all 
adaptive parameters. 

 
Fig. 8. Source current when the load is increased, case 2. 

 
Fig. 9. Proposed BSNN for adapting  parameter in controller 3, case 2. 
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The third case validates the appropriate system evolution 
under load parameters change; phase-to-phase rms voltage is 
400V and the frequency is 50Hz. The load and source voltages 
of phase a, with the new requirements are shown in Fig. 10. 

 

Fig. 10. Load and source voltage at 50 and 60 Hz, respectively, case 3. 

Fig. 11 exhibits the dynamic behavior of the reactive power 
at DC link bus, where the proposed scheme is worked. The 
tuning technique behavior is in accordance with conditions 1 
and 2. The ANNPI exhibits very well performance adapting 
itself to the new conditions. Finally, reactive power exchange 
between VSC converters is presented in Fig. 12 when the load 
is increased 200 percent. All variables in the three cases 
achieve the desired values by means proposed simultaneous 
tuning technique. 

The steady-state parameters reached by the neural network 
for PI design, shown that they are updated under different 
operating conditions. Thus, depending on the system topology, 
these parameters modify their value. In this case the steady 
state values are 760.2358 32.0549 223.3065  and 549.4560 19.4280 105.0667 . 

 
Fig. 11. DC link voltage performance, case 3. 

V.  CONCLUSIONS 

The aim of the paper is to show the performance of adaptive 
PI parameters as a mean to tune linear controllers in back to 
back structure. In order to attain such purposes a B-spline 
neural network-based is proposed. With this neural adaptive 
scheme, the possibility to implement the on-line updating 
parameters is potential due to it has learning ability and 
adaptability, robustness, simple algorithm and fast 
calculations, and not exclusive but inclusive, nature to get 

better solution under hardware’s constraints. This is desirable 
for practical hardware implementation in power stations. 

 
Fig. 12. Reactive power exchange when the load is increased 200 percent. 

Unlike the conventional technique, the B-spline NN 
exhibits an adaptive behavior since the weights can be adapted 
on-line responding to inputs and error values as they arise. 
Also, it can take into account nonlinearities, un-modeled 
dynamics, and un-measurable noise. Simulations on back to 
back structure under different disturbances and operating 
conditions, demonstrate the effectiveness and robustness of 
the proposed strategy. Dynamic and steady state response are 
analyzed. 
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