
  

Abstract—The high-power high-frequency dual-pickup 

inductively coupled power transfer (ICPT) system has 

high-order resonant characteristics and is highly sensitive to 

changes in system parameters. It is necessary to overcome the 

influence of parameter uncertainty on the system. In this paper, 

the dual-pickup ICPT system based on the D-LCL 

compensation circuit adopts the output feedback guaranteed 

performance control, which ensures the robustness of the 

parameter uncertainty system while ensuring the boundedness 

of its performance index. Firstly, establishing the dynamic 

model of the system, on this basis, the parameter uncertainties 

are introduced to form the uncertainty system model. Then, 

using the linear matrix inequality (LMI) method, the 

guaranteed performance controller of the uncertain parameter 

system is designed, this paper givens the necessary and 

sufficient conditions for the existence of the output feedback 

guaranteed performance controller. Finally, the LMI Control 

Toolbox in MATLAB is used to verify that the control method 

can ensure the system has excellent robust stability and 

performance robustness, and the system has excellent tracking 

performance when the parameters change. 

 
Index Terms—D-LCL compensation, dual-pickup ICPT 

system, parameter uncertainty, guaranteed performance 

control, linear matrix inequality (LMI). 

 

I. INTRODUCTION 

HE dual-pickup inductively coupled power transfer      

(ICPT) system realizes power transfer from the 

stationary grid side to multiple mobile devices contactless 

based on the principle of electromagnetic induction, 

high-power high-frequency inverter technology and 

resonance compensation technology [1]. The dual-pickup 

ICPT technology can increase the reliability and safety of 

power supply, improve the power capacity of the system, and 

meet the occasions with high power requirements [2]-[4]. 

The fields of power supply, including high-power electric 
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vehicles, trams and high-speed railway trains [5]-[9], has 

used the ICPT technology. This paper gives a particular focus 

to the study of the dual-pickup ICPT system with rail 

transport as the application background. 

In the dual-pickup ICPT system, the loosely coupled 

transformer has a low coupling coefficient and the large 

leakage inductance, resulting in higher reactive power and 

lower transmission efficiency during transmission. To reduce 

reactive power, unnecessary loss and improve the power 

supply capacity, some scholars have done much research. 

Bertoluzzo et al. [10]-[13] proposed to optimize the design of 

the magnetic coupling mechanism or to increase the 

compensation circuit of the primary and secondary sides, and 

the method of adding the compensation circuit is more 

natural to implement. However, the traditional four 

compensation structures are challenging to achieve the goal 

of improving transmission efficiency, so many scholars have 

focused on hybrid compensation topologies like TS-S, 

LCC-S, LCC-P, D-LCC, and D-LCL. The TS-S circuit 

topology has good robustness, which can achieve constant 

output voltage and current without any control, increasing the 

adaptation range of the primary side equivalent load [12]. In 

addition to the characteristics of the constant voltage output, 

the LCC-S typed compensation structure is less sensitive to 

system frequency offset when the output resistance is 

massive [13]. But, the output power and transmission 

efficiency of the two compensation structures are low. 

D-LCC and LCC-P circuits are more suitable for low power 

applications with constant current output requirements [14]. 

Because the D-LCL compensation topology can achieve 

constant output current and voltage, with higher output power 

and transmission efficiency, it is more suitable for dual 

pick-up ICPT system with rail transit as the application 

background. 

Because of the inaccuracy of the measurement devices and 

manufacturing processes, there are some errors between the 

actual and theoretical electrical parameters of the resonant 

circuit components, which is known as the uncertainties of 

the dual-pickup ICPT system. The dual-pickup ICPT system 

has high-order resonance characteristics and is therefore very 

sensitive to uncertainty. Although the D-LCL compensation 

topology has excellent characteristics, it cannot solve the 

problem of system uncertainty. For this reason, based on the 

system parameter perturbation model using the generalized 

state-space averaging method, some scholars have proposed 

an H∞ robust controller that can suppress the mutual 

inductance perturbation by changing the gain of the output 

weighting function [15], [16]. Its control requirements for 
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uncertainties are limited to robust stability, ignoring the 

requirements of the system for related robust performance. 

The guaranteed performance control can achieve the robust 

stability of the system while ensuring its performance index 

does not exceed an absolute upper bound [17]-[19]. 

Therefore, the output feedback guaranteed performance 

control is adopted through this paper to the parameter 

uncertainty problem of D-LCL compensated dual-pickup 

ICPT system, which ensures the robust stability of the 

uncertain system while getting its performance robustness. 

Output feedback control can solve the problem that the 

system state variable is unknown, and it is difficult to obtain 

state estimation [20]. By using the LMI method to solve the 

output feedback guaranteed performance controller, the 

design problem of the controller can be easily transformed 

into the problem of solving the feasible solution of LMI [21], 

[22], thus ensuring the robust stability and performance 

robustness of the system. 

This paper is organized as follows. In Section Ⅱ, the 

transmission characteristics of D-LCL compensated ICPT 

system are briefly analyzed, and describes the dual pick-up 

ICPT system based on D-LCL compensation. The dynamic 

model of the system is established by the state-space method, 

and the parameter uncertainty is introduced to establish the 

system uncertainty model. In Section Ⅲ, design the output 

feedback guaranteed performance controller by using Schur 

complement lemma, variable substitution method and LMI. 

And give the necessary and sufficient conditions for the 

existence of quadratic cost matrix P and output feedback 

guaranteed performance controller. Section Ⅳ uses the LMI 

Control Toolbox in MATLAB to find the output feedback 

guaranteed performance controller and the upper bound of 

the quadratic performance index and makes the impulse 

response curves of the closed-loop systems with the nominal 

model and the uncertainty model respectively. The 

simulation shows that the system has excellent robust 

stability and performance robustness. 

II. DUAL-PICKUP ICPT SYSTEM BASED ON D-LCL 

COMPENSATION 

A. Analysis of Transmission Characteristics of ICPT 

System Based on D-LCL Compensation  

In the ICPT system, to improve the frequency robustness, 

filter the harmonics generated by the inverter during the 

working process, and adjust the transmission power and 

efficiency of the system when the load is stationary, the 

compensation of the primary and secondary sides usually 

adopts a hybrid compensation topology. Common hybrid 

compensation topologies include D-LCC, LCC-S, LCC-P, 

TS-S, and D-LCL. The schematic diagrams of the above five 

hybrid compensation topologies are shown in Figs.1 to 5. U 

and I1 are the input voltage and current of the compensation 

circuits. Lf1, LP, Cf1 and C1 are the filter inductances and 

capacitors on the primary side, respectively, and Lf2, Cf2 and 

C2 differ from them in that they are on the secondary. The 

transmitting coil L1 and the receiving coil L2 form a 

transformer. I2, I3 and I4 are the current values flowing 

through the coils L1, L2 and the load RL, respectively. M 

represents the mutual inductance between L1 and L2.  

 

 

 

 

 
In Fig. 1, the voltage across the load is 
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Fig. 3.  D-LCC typed compensation topology 
 

 
Fig. 5.  LCC-P typed compensation topology 

 

 
Fig. 4.  LCC-S typed compensation topology 
 

 
Fig. 2.  TS-S typed compensation topology 
 

 
Fig. 1.  D-LCL typed compensation topology 
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According to G. M. Xu et al. [20], the output power of the 

system can be calculated by: 
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 The transmission efficiency of the system is given by: 
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In Figs. 2 to 5, Zf is the pick-up impedance. Zy is the total 

input impedance. Obtaining from the impedance relationship 

of the circuit, the total impedance Zf on the secondary side is 
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The impedance Zr reflected from the pickup side to the 

primary side is 
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The total impedance Zy on the primary side is 
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Following Kirchhoff's law, we can get 
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If there is no Ci or Lj in Fig. 1, the terms associated with Ci 

or Lj from the impedance expressions and the Kirchhoff 

voltage equations equal 0 (i=1, 2, f2, j=p, f2). The necessary 

and sufficient condition for the full resonance of the system 

can be obtained from (2.5). 
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Substituting (2.5) into (2.1)-(2.4), the expressions of 

primary current, secondary output voltage, output power and 

efficiency under the condition of complete resonance are 

given by: 
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It can be seen from (2.6) that the LCC-P and D-LCC typed 

hybrid compensation topologies realized the constant output 

current of the primary side. However, the output voltage of 

the secondary side varies as the load changes. LCC-S, TS-S 

and D-LCL typed compensation structures can realize the 

secondary side constant voltage while realizing the primary 

side constant current. The above analyses do not consider the 

influence of the parasitic resistances of the inductors. In 

practical applications, the parasitic resistances of the primary 
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and secondary resonant inductors are inevitable, the circuit 

parameters considering them are shown as follow: 

 
The five hybrid compensation topologies adopt the 

parameters shown in Table. I. As the coupling coefficient 

continues to increase, the output power and efficiency are 

shown in Figs. 6 to 7. 

 

 
The simulation results show that the transmission 

efficiency of LCC-S and LCC-P typed compensation 

topologies is much lower than that of other compensation 

topologies. When the coupling coefficient exceeds 0.08 or 

0.11, the efficiency even drops. When the coupling 

coefficient exceeds 0.17, the rising speed of the efficiency of 

the other three compensation topologies decreases, at this 

time, the efficiency has reached 80% or higher, and D-LCL 

typed compensation topology has the highest transmission 

efficiency. With the continuous increase of the coupling 

coefficient, the output power of the five compensation 

structures also rises. The output power of D-LCL and D-LCC 

is even more than 4KW, and they are relatively reliable 

compensation schemes. Considering that the stable output 

voltage is helpful for that dual pick-up ICPT system can be 

applied in the field of railway transportation, this paper uses 

D-LCL compensation structure. 

B. Description for Dual-pickup ICPT System Based on 

D-LCL Compensation 

The dual-pickup ICPT system based on D-LCL 

compensation is composed of two parts: the primary side and 

the secondary side, and the primary side includes high- 

frequency inverter and LCL resonance compensation 

network. Its basic structure is shown in Fig. 8. U and iL are the 

high-frequency input voltage and current of the 

compensation circuit, respectively. L and CP are the filter 

inductor and capacitor on the primary side, respectively. LP、

LS1 and LS2 are the transmitting coil and the two receiving 

coils, respectively. L1、 L2、CS1 and CS2 are the filter 

inductors and capacitors on the secondary side, respectively. 

iL、iLP、iLS1、iL1、iLS2 and iL2 are current values flowing 

through L、LP、LS1、L1、LS2 and L2, respectively.  RL、RP、

RS1、R1、RS2 and R2 are the equivalent internal resistances of 

L、LP、LS1、L1、LS2 and L2, respectively. M1 and M2 are the 

mutual inductance between the transmitting coil and the two 

pickup coils. C is the filter capacitor on the secondary side, R 

is the load on the secondary side. 

 
The induced voltage on the secondary side can be 

represented by the current on the primary side 
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The voltage reflected from the secondary side to the 

primary side can be expressed as follow: 
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Where Mi represents the mutual inductance between the 

transmitting coil Lp and the pick-up coils Lsi (i=1, 2). The 

mutual inductance between the two pick-up coils is not 

considered. 

 
Fig. 8 Dual-pickup ICPT system based on D-LCL compensation 

 

 
Fig. 7.   Effectiveness 

 

 
Fig. 6.  Output power 

 

TABLE I 
THE CIRCUIT PARAMETERS 

Parameter LCC-S LCC-P D-LCC TS-S D-LCL 

Voltage, U/V 400 

Resonant frequency, f/HZ 85300 

Coupling coefficient, k  0~0.5 

Primary coil, L1/uH 120 

Secondary coil, L2/uH 120 

Primary parasitic resistance, 
R1/Ω 

0.5 

Secondary parasitic 

resistance, R2/Ω 
0.5 

Primary capacitor, C1/nF 29 29 44.15 29 - 

Secondary capacitor, C2/nF 44.15 44.15 44.15 29 - 

Primary filter capacitor, 

Cf1/nF 
84.6 84.6 84.6 29 29 

Secondary filter capacitor, 

Cf2/nF 
- - 84.6 - 29 

Primary filter inductor, 
Lf1/uH 

41.15 41.15 41.15 120 120 

Secondary filter inductor, 

Lf2/uH  
- - 41.15 120 120 

Primary filter inductor, LP/ 

uH 
- - - 120 - 

Load resistance, RL/Ω 10 

 

Engineering Letters, 28:1, EL_28_1_24

Volume 28, Issue 1: March 2020

 
______________________________________________________________________________________ 



C. The Establishment of The System Dynamic Model 

 
The schematic diagram of the ICPT system with D-LCL 

compensation and double pick-ups is shown in Fig. 9, the 

specific steps to establish its dynamic model are as follows: 

(1) the selection of state variables: select the current/voltage 

on the inductors/capacitors as the state variables. (2) The 

equations based on Kirchhoff's law are further written in the 

form of a matrix. (3) Select the high-frequency input voltage 

U of the compensation circuit and the voltage uc across the 

load R as the system input and output, respectively. The 

state-space description of the system can be obtained. 
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Where: 

ucp-voltage across the primary side filter capacitor CP 

ucs1- voltage across the secondary side filter capacitor CS1 

ucs2 - voltage across the secondary side filter capacitor CS2 

uc - voltage across the load R 

Define the input vector of the system as follow: 
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Following Kirchhoff's law, and we can get 10 differential 

equations as follows: 
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It can be expressed in the form of a state-space equation. 

 

                                 x Ax Bu= +                                   (2.9) 

 

The coefficient matrix A is given at the end of the paper. 

The input matrix B is given by: 

 
T

1
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L
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Select the voltage across the load uc = x10 as the output, and 

the output equation can be written as: 

 

                                     y Cx=                                     (2.10) 

 

The coefficient matrix C is given by: 

 

            0 0 0 0 0 0 0 0 0 1C =
 

D. The Uncertainly System Model 

There is an error between the dynamic model and the 

actual system, which is referred to as system uncertainties. 

The uncertainties can be divided into two categories: 

parameter uncertainties and unstructured uncertainties. In the 

ICPT system, the actual electrical parameters and theoretical 

parameters are inconsistent due to inaccuracy in the 

measuring device and manufacturing process. In order to 

approach the actual ICPT system, it is necessary to establish 

its uncertain mathematical model. Suppose the uncertainties 

of the ICPI system are 

 

p p0 P s1 s10 s1 s2 s20 s2   , ,L L L L L L L L L= +  = +  = + 
 

 

Where: Lp0、LS10 and LS20 are the nominal values of LP、LS1 

and LS2, respectively, Δ LP 、 Δ LS1 and Δ LS2 are the 

uncertainties of LP、LS1 and LS2, respectively. 

By substituting the uncertain factors into (2.9) and (2.10), 

the mathematical model of the parameter uncertainties of the 

ICPT system can be expressed as follow: 

 
' '

'
                          

x A x B u

y C x
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Where: A′ is given at the end of the paper, B′=B, C′=C, ξ1、

ξ2、ξ3、ξ4、ξ5、ξ6、ξ7 are uncertainty parameters caused by 

uncertainty factors Δ LP、Δ LS1 and Δ LS2. 

Let the uncertainty parameters satisfy the following 

conditions. 

 
Fig. 9.  Equivalent circuit of the ICPT system with D-LCL 
compensation and double pick-ups 
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1 2 3 4 5 6 70.01, 0.1, 0.1, 0.00015, 0.5, 0.5, 0.00015            

 

According to the uncertain mathematical model of the 

ICPT system, when the uncertainty factors change, the same 

type of uncertainty mathematical model of ICPT system can 

be obtained by changing the parameters representing the 

uncertainty factors. 

III. THE DESIGN OF GUARANTEED PERFORMANCE 

CONTROLLER 

The dual-pickup ICPT system with D-LCL compensation 

has high-order resonance characteristics and is highly 

sensitive to parameter changes. To overcome the influence of 

parameter uncertainty factors on the system, some scholars 

have proposed robust H∞ control, but its control requirements 

for uncertainties are limited to robust stability. The 

guaranteed performance controller based on linear matrix 

inequality (LMI) method can obtain robust performance 

while achieving robust stability. 

A. Guaranteed Performance Control of Uncertainty 

System 

Consider a class of linear uncertainty system described by 

the following state equation. 

 

0        ( ) ( ) ( ) ( ), (0)x t A A x t B B x x= +  + +  =
   (3.1) 

 

Where x(t)∈Rn represents the state vector of the system. u(t)

∈Rm is the control input. A and B are foregone and constant 

matrices with appropriate dimensions. ΔA and ΔB are 

uncertainty matrix functions with appropriate dimensions, 

and they represent the parameter uncertainties of the system. 

Assume that the parameter uncertainties considered are norm 

bounded and have the following form: 

 

  1 2              ( )[ ]A B DF t E E  =
                 (3.2) 

 

Where D、E1 and E2 are known constant matrices with 

appropriate dimensions, which reflect the structural 

information of the uncertainties, F∈Ri×j is an unknown 

matrix, which can be time-varying and satisfies (3.3). 
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Define quadratic performance index as 
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Where: Q and R are the given symmetric positive definite 

weighting matrices. 

 

Theorem 3.1.(see[24]) For the system (3.1) and the 

performance index (3.4), if the control law u*(t) and a 

positive number J* exist, the closed-loop system is 

asymptotically stable for the allowed uncertainty, and the 

performance index satisfies J≤J*. J* is called performance 

upper bound of the uncertain system (3.1), and u*(t) is called 

its guaranteed performance control law. 

 

Choose an appropriate guaranteed performance control 

law to minimize the system performance upper bound. The 

guaranteed performance control law with the minimum 

performance upper bound is called the optimal guaranteed 

performance control law. 

B. The Design of Output Feedback Guaranteed 

Performance Controller of The Dual-pickup ICPT System 

with D-LCL Compensation  

The equation for the uncertain system (2.11) can be 

transformed into 

 

0          ( ) ( ) ( ) ( ) ( ), (0)

          ( ) ( )

x t A A x t B B u t x x

y t Cx t

= +  + +  =

=
       (3.5) 

 

Where: ΔA is given at the end of the paper, ΔB=0. 

Describe ΔA and ΔB, according to (3.2). 

10 1 10 2                    , ( ) , , 0D A F t I E I E=  = = =  

Design a dynamic output feedback controller with the 

following state-space implementation for the system (3.5), 

and it is shown as u=Ky. 

 

                        ( ) ( ) ( )

                        ( ) ( )

k k k k

k k

x t A x t B y t

u t C x t

= +

=
                           (3.6) 

 

Where: xk (t)∈Rnk is the state of the controller to be designed, 

Ak, Bk and Ck are the controller parameter matrices to be 

determined. 

The closed-loop system obtained by combining the 

controller (3.6) with the system (3.5) is as follow: 

 

0                ( ) ( ( ) ) ( ), (0)

                ( )

x t A DF t E x t x x

y t CX

= + =

=             (3.7)  

 

Where: 

 

   1

( )
  ( ) , , , 0 , 0

( ) 0

k

k k k

x t A BC D
x t A D E E C C

x t B C A

     
= = = = =     

    

 

 

The performance function of the closed-loop system (3.7) 

is 

 

T

0

                       ( ) ( )dJ x t Qx t t



= 
                           (3.8) 

 

Where: the performance weighting matrix is given by: 

 

 T                              diag , k kQ Q C RC=
 

 

Theorem 3.2.(see [25]) For the system (3.7) and the 

performance indicator (3.8), if there is a positive definite 

matrix P>0, then 

 
T         ( ) ( ) 0A DFE P P A DFE Q+ + + +          (3.9) 
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applies to all allowed uncertainties F(t), the positive definite 

matrix P is called the quadratic cost matrix. 

 

Lemma 3.1.(see [25]) Given system (3.7) and performance 

indicator (3.8), if there is a quadratic cost matrix P>0, then 

the uncertain system is quadratic stable, and the cost function 

is bounded and satisfies 

 
T

0 0                              J x Px
. 

 

Lemma 3.2.(see [25]) The symmetric matrixes  

 

                             , , ,G D F E  

 

of the given appropriate dimensions are defined by (3.7). The 

necessary and sufficient condition for 

 
T T T                      0G DFE E F D+ +   

 

to be established is that there is a scalar ε>0 so that 

 
1

T 1

1 T

0
              0

0

I E
G E D

I D


 



−

−

−

  
 +    

     
 

Theorem 3.3. For the system (3.7) and performance index 

(3.8), the necessary and sufficient condition for the existence 

of the quadratic cost matrix is that there is a scalar ε>0 and a 

positive definite matrix V>0 so that 

 
T T 1/2

T

1/2

0 0
            0

0 0

0 0

VA AV VE D VQ

EV I

D I

Q V I

 +
 

−  
 −
 

−         (3.10) 

 

Proof. According to Theorem 3.2, for all allowed 

uncertainties F(t), the quadratic cost matrix P satisfies (3.9). 

It can be seen from Lemma 3.2 that the necessary and 

sufficient condition for (3.9) to be established is that there is a 

scalar ε1>0 so that 

 
1

T T 1 1

1 1 1 T

1

0
    0

0

I E
A P PA Q E D

I D


 



−

−

−

  
 + + +    

   

 

 

Use Schur complement lemma to get 

 
T T 1

1 1

1

1 T

1

            0 0

0

A P PA Q E PD

E I

D P I

 





−

−

 + +
 

−  
 − 

. 

 

Multiply diag{ε1P-1,I,I} to the left and right sides of the 

above formula, and let ε=ε1
2 ， V=εP-1, the following 

expression can be obtained: 

 

T 1 T

T

                         0 0

0

VA AV VQV VE D

EV I

D I

 − + +
 

−  
 − 

 

 

Use Schur supplement lemma again to get 
T T 1/2

1/2

0 0
                   0

0 0

0 0

T

VA AV VE D VQ

EV I

D I

Q V I

 +
 

−  
 −
 

− 

 

 

Where: 

 
1/2 1/2 T 1/2                    diag{ , }kQ Q C R= . 

 

If V and ε exist, the upper bound of the corresponding 

performance indicator is 

 
T 1

0 0                          J x V x −
. 

 

Theorem 3.4. For the given system (3.5) and performance 

function (3.8), the necessary and sufficient condition for the 

existence of output feedback guaranteed performance 

controller (3.6) is that the following (3.11) and (3.12) are 

achievable.  

 
' T T 1/2

1 1

'T 1/2 'T 1/2

2 1

T

1 1

T T

1/2 1/2

1/2 '

0

0 0 0
    0

0 0 0

0 0 0

0 0 0 0

A A E XD Q

A A YE D YQ C R

E E Y I

D X D I

Q Q Y I

R C I





  +
 

+  
 −

 
− 

 −
 

−    (3.11) 

                              0
X I

I Y

 
 

                                   (3.12) 

 

Where  

 
T ' T 'T T ' 'T T

1 2         ,A X XA B C C B AY YA BC C B = + + +  = + + + . 

 

Proof. The variable substitution method proposed in [20] 

is used for (3.10) to block the matrices V and V-1, we get 

 

1

T T

1 1

           ,
Y N X M

V V
N Y M X

−
   

= =   
   

  

 

Where: X and Y are both n×n dimensional real symmetric 

matrices, MNT=I-XY can be obtained from the equation V 

V-1=I. 

Define 

 

1 2T T
                     ,

0 0

X I I Y
F F

M N

   
= =   

   

, 

 

then 
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T T

1 2 1 2 1                     ,
X I

VF F V FV F F
I Y

 
= = =  

 

. 

 

Define the following new variables. 

 
' ' ' T

'

' T

                 

                

                

k

k

k

A XAY B CY XBC MA N

B MB

C C N

= + + +

=

=
           (3.13) 

 

From the definition of V，F1 and F2 and (3.13), we can get 

 
T T 'T T

T T

1 1 'T T 'T T
        =

A X C B A
F VA F

A YA C B

 +
 

+  , 
' '

T

1 '
     

XA B C A
F AVF

A AY BC

 +
=  

+  , 

  T T T

1 1 1     , ,EVF E E Y D F D X D = =    
1/2 1/2

1/2

1 1/2 '
     

0

Q Q Y
Q VF

R C

 
=  

                                    (3.14) 

 

Multiply the left and right sides of (3.10) by diag{F1
T,I,I,I} 

and diag{F1,I,I,I}, respectively. 

 
T T T T T T T 1/2

1 1 1 1 1 1 1

1

T

1

1/2

1

0 0
      0

0 0

0 0

F VA F F AVF F VE F D F VQ

EVF I

D F I

Q VF I

 +
 

−  
 −
 

−    (3.15) 

 

Based on (3.14), the formula (3.15) can be transformed 

into (3.11). The implementation of 

 

                                    0
X I

I Y

 
 

 

 

 

is to ensure that V>0. 

After using the LMI Control Toolbox in the MATLAB to 

find the feasible solutions of the linear matrix inequalities 

(3.11) and (3.12), we need to design the controller 

parameters. 

(1) MNT=I-XY is known, singular value decomposition is 

performed on I-XY, and the matrices M and N are 

calculated. 

(2) The coefficient matrices of the controller can be 

obtained by (3.13). 
1 ' ' ' T 1

1 '

' T 1

                ( )( )

               

               ( )

k

k

k

A M A XAY B CY XBC N

B M B

C C N

− −

−

−

= − − −

=

=

 

IV. SIMULINK 

When setting parameters for the dual-pickup ICPT system 

based on D-LCL compensation, it is ensured that the entire 

resonant network is fully operated at the natural resonant 

frequency. Based on this principle, the system parameters are 

set, as shown in Table Ⅱ. 

 
When the parameters shown in the above table are selected, 

the coefficient matrices of the system (3.5) are as follows: 

A, B and ΔA are given at the end of the paper. 

Weighting matrices in performance index (3.5) are 

Q=0.01I10 and R=0.01. 

The linear matrix inequalities (3.11) and (3.12) are solved 

using the commands in the MATLAB LMI Control Toolbox 

to obtain the gain matrices of the output feedback controller. 

Ak, Bk and Ck are given at the end of the paper. 

At this time, the upper limit of the system performance 

index: J≤0.503. 

The same pulse input signal is provided to the closed-loop 

system with the nominal model which is composed of A and 

B and the uncertain model which is composed of A, ΔA, and B, 

we can get the impulse response curves of the system. 

 
Fig. 10 shows that the designed robust guaranteed 

performance controller ensures an excellent dynamic 

response of the output voltage across the load. The amplitude 

of the oscillation is large within 0.001s. There is about 0.004s 

to be spent for the load voltage to stabilize at 0V. Also, the 

parameter perturbations of the system model have little effect 

on the output response, and the control system has excellent 

robust stability. 

V. CONCLUSION 

In order to overcome the influence of parameters 

uncertainty on the dual-pickup ICPT system, this paper 

proposes an output feedback robust guaranteed performance 

controller. Firstly, for the dual-pickup ICPT system, the 

appropriate compensation topology: D-LCL is selected, and 

establishes the parameter uncertainty model. Then, the 

optimal output feedback guaranteed performance controller 

 
Fig. 10.  Impulse response curve 

 

TABLE Ⅱ 

PARAMETER SETTING OF DUAL-PICKUP ICPT SYSTEM BASED ON 

D-LCL COMPENSATION 

Parameter Value Parameter Value 

f/kHz 20 CS1/uF 0.916 

L/uH 0.56 L1/ uH 0.968 

RL/Ω 0.55 R1/Ω 0.18 

CP/uF 1.23 LS2/ uH 0.128 

LP/ uH 0.56 RS2/Ω 0.18 

RP/Ω 0.55 CS2/uF 0.916 

M1/uH 0.037 L2/ uH 0.968 

M2/uH 0.037 R2/Ω 0.18 

LS1/ uH 0.128 C/uF 1.017 

RS1/Ω 0.15 R/Ω 60 
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for uncertainty system is designed by using the guaranteed 

performance control method, and the necessary and sufficient 

condition for the existence of the output feedback guaranteed 

performance controller is obtained. Finally, the LMI Toolbox 

in MATLAB is used to solve the gain matrices of the 

guaranteed performance controller and the upper bound of 

the system quadratic performance index, and the impulse 

response curves of the closed-loop system with the nominal 

and uncertain models are obtained. The simulation results 

show that the ICPT system controlled by this method has 

excellent robust stability and performance robustness, but it 

needs to be further studied in practical applications. 
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