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Abstract: In this paper, a difference grey predictor (DGP) compensated moving sliding mode controller 

(MSMC) for solar powered communication systems. The proposed methodology combines the merits of DGP 

and MSMC. The MSMC can shorten the reaching phase and ensure the sliding mode occurrence from an 

arbitrary initial state. However, as the loading is a severe nonlinear condition, the MSMC will undergo chatter 

and steady-state error problems, thus deteriorating the performance of solar powered communication 

systems. The DGP is thus used to remove the chatter while the system uncertainty bounds are overestimated 

and to reduce the steady-state error while the system uncertainty bounds are underestimated. With the 

proposed methodology, the robustness of the communication system can be enhanced expectably, and a 

high-quality solar power sinusoidal output with low voltage harmonics and fast dynamic response can be 

obtained even under nonlinear loading. The theoretic analysis, design process, and digital signal processing 

(DSP)-based experimental implementation for solar powered communication systems are presented to 

verify the efficacy of the proposed methodology. 
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1. Introduction 

Communication systems have been widely used in the daily life, such as cellular phones, satellite 

communications, and radios. Once natural catastrophes such as blizzards, windstorms, and deluges occur,  

the power systems may be destroyed and then the communication system cannot be used. For continued 

communication operations, solar power is available and has the ability to meet critical power needs. In solar 

energy systems, the overall performance is dependent upon the static inverter-filter arrangement, which can 

be used to convert a DC voltage to a sinusoidal AC output. The requirements for a high performance solar 

power must provide high-quality AC output voltage of low total harmonic distortion (THD), zero steady-state 

errors and fast dynamic response, and these can be obtained by employing feedback control techniques. The 

linear proportional Integral (PI) controller is often used. However, the classic PI controlled system can not 

assure fast and stable output-voltage response [1], [2]. Nonlinear control theory has to be employed and the 

use of sliding mode control (SMC) is a proper choice because the SMC offers the insensitivity to system 

uncertainties [3], [4]. In the design of the classic SMC with fixed sliding surface, there is a reaching phase in 

which the trajectory starting from a given initial state off the sliding surface tends towards the sliding surface. 
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To overcome such a problem, the MSMC is used to pass arbitrary initial conditions and afterward moves 

towards a designated sliding surface by the concept of rotating or shifting. [5], [6]. Using MSMC with the 

moving sliding surface, the system will be more insensitive to load disturbances because of shortening the 

reaching phase. However if a highly nonlinear loading is applied, the MSMC controlled system may occur 

chatter and steady-state errors, thus resulting in serious solar power output voltage harmonics, even 

deteriorates the performance of solar powered communication systems. The grey predictor (GP) has been 

presented and displays many applications in a variety of fields. [7], [8]. This paper employs a mathematically 

simple and computationally efficient DGP to remove the chatter or steady-state errors when the system 

uncertainties bounds are overestimated or underestimated. By combining MSMC and DGP, the proposed 

methodology will yield a closed-loop solar powered communication system with low THD, fast dynamic 

response, chatter removal, and steady-state errors reduction under various loading. Experimental results are 

shown to testify the performance of the proposed methodology. 

2. System Description 

The structure of a static power supply, shown in Fig. 1 can be used in solar powered communication 

system. The LC filter and R can be regarded as a plant. The output voltage cv  of the plant should be forced to 

track a sinusoidal reference waveform rv  by applying the proposed methodology. 
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Fig. 1. Circuit diagram of solar powered communication system. 

 

3. Controller Design 

3.1. Moving Sliding Mode Controller (MSMC) 

The plant can be written as 
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, pu  is the control input of plant, 

and w  is the system uncertainty. 
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The sinusoidal reference model can be expressed as 

 

mmmmm uBxAx                                    (2) 

 

where    Trr
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mB , 0  is the frequency of the sinusoidal 

reference waveform, and mu  is the control input of the sinusoidal reference model. 

The error state equations can be represented as 

 

pm xxe                                        (3) 

 

wuBuBxAAeAe ppmmppmm  )(                        (4) 

 

Then, construct the MSMC function as 

 

)()( tetc                                      (5) 

 

where BAttc )( , DCtt )( , and A , B , C , D  are constants.  

Differentiating (5), we have 

 

CeetcAe  221 )(                                  (6) 

 

The control input is set as 

 

sep uuu                                      (8) 

 

where the eu  is the equivalent control, which guarantees the realization of desired sliding mode when 

system uncertainty is equal to zero, i.e., 0
 ep uu

 ; the su  is the nonlinear control part, which is used to 

remove the system uncertainty so that the realization of sliding mode can be guaranteed. 

The function su  is created as 

 

ns KKeu                                     (9) 

 

3.2. Difference Grey Predictor (DGP) 

The GM(2,1) is used to build a grey prediction model and the grey modeling steps are described below. 

Step 1: Collect the original sample data sequence as 

 

 nkkxx  ..., ,2 ,1    , )()0()0(                               (10) 

 

Step 2: Mapping generating operation (MGO): Negative data is mapped to the relative positive data. 
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 nkbiaskxxnew  ..., ,2 ,1    ,)()0()0(
                            (11) 

 

where bias is constant. 

Step 3: Take Accumulated generating operation (AGO) for )0(
newx  as 
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Step 4: Construct GM(2,1) model (second-order difference equation) as 
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 kWxkUxkx newnewnew                         (13) 

 

where U  and W  are the coefficients of the GM(2,1) model and they must be estimated. Thus, letting 

2 ..., ,2 ,1  nk  and then the (13) becomes  
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Finally, by the least square estimation method, the U  and W  can be solved as 

  YBBBWU TTT 1)( ,  . To find the solution of  , we define k
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Step 5: Take Inverse accumulated generating operation (IAGO) as 

 

)1(ˆ)(ˆ)(ˆ )1()1()0(
 kxkxkx newnewnew                            (14) 

 

Step 6: Inverse mapping generating operation (IMGO): By applying IMGO for )0(ˆnewx , the predicted value of 

the original data sequence )0(x̂  yields 
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Therefore, the difference grey prediction control can be obtained to remove the chatter or to reduce the 

steady-state error as follows: 
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4. Experimental Results 
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The system parameters are given as follows: DC-bus Voltage Vd =200 V; Output Voltage vc =110 V; Output 

Frequency f =60 Hz; Filter Inductor L = 1.5 mH; Filter Capacitor C =15 μF; Switching Frequency fs =15 kHz; 

Rated Load R=12Ω. Fig. 2(a) show the output voltage and the load current with the proposed methodology 

under step change in load from open circuit to R=12Ω. Clearly, a fast recovery of the steady-state response is 

obtained. However, the waveform with the classic SMC, shown in Fig. 2(b) has poor voltage dip compensation 

at the firing angle. In addition, the majority of sensitive loads are rectifier loads. Therefore, the proposed 

methodology must correctly regulate output voltage with minimum distortion. Fig. 2(c) shows both the 

output voltage and the voltage current with the proposed methodology when a full-wave rectifier followed by 

a 100μF capacitor in parallel with a 50Ω resistor is applied; the %THD is close to 1.17%, which displays a 

good system performance. Oppositely, Fig. 2(d) with the classic SMC under the same test condition exhibits a 

high voltage %THD of 7.42%.  
 

 

(a) (100V/div; 20A/div; 5ms/div) 
 

 

(b) (100V/div; 20A/div; 5ms/div) 
 

 

(c) (100V/div; 25A/div; 5ms/div) 
 

 

(d) (100V/div; 25A/div; 5ms/div) 

Fig. 2. Output waveforms under. (a) Step change in load with the proposed methodology. (b) Step change in 

load with the classic SMC. (c) Rectifier load with proposed methodology. (d) Rectifier load with the classic 

SMC. 
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5. Conclusion 

A DGP compensated MSMC is proposed to improve the tracking behaviors of the solar powered 

communication systems. Compared with classic SMC, the MSMC shortens the reaching phase and increases 

the insensitivity to system uncertainties. For achieving high tracking accuracy, the DGP is used to remove the 

chatter or reduce the steady-state error, which is produced by MSMC. Experimental results indicate that low 

harmonic distortion and fast transient response are obtained in the proposed controlled solar powered 

communication system under both steady-state loading and transient loading. 
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