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Abstract: This paper presents a simple, cost-effective scheme 

for agricultural pumping system. It consists of PV array, 

canonical switching cell converter (CSCC), Boost inverter, and 

induction motor. The input power for the boost inverter is 

obtained from the photovoltaic (PV) based CSCC. The 

requirement of lower number of components and nonpulsating 

input current are the superior features of the CSC converter. The 

conversion of DC voltage obtained from the PV based CSC 

converter system into high voltage AC using the boost inverter is 

the main feature of the proposed scheme. Extraction of maximum 

power from the PV system is ensured in this paper by means of a P 

& O MPPT algorithm. Because of a high step up CSC converter 

and boost inverter, this scheme requires fewer number of PV 

arrays to power the induction motor for pumping system. 

Effectiveness of the proposed scheme is verified through 

MATLAB/SIMULINK environment and necessary results are 

presented. 

Keywords: Boost inverter, Canonical Switching Cell Converter 

(CSCC), Induction Motor, Maximum Power Point Tracking 

(MPPT), Photo Voltaic (PV) array. 

I. INTRODUCTION 

Rapid growth in power electronic technologies, depletion 

of fossil fuels and global warming effects driving the society 

towards the use of renewable energy sources (RES) for 

different applications [1,2]. Induction motor-based water 

pumping system using PV is gaining more attention [3] in the 

agricultural sector. Generally, this can be carried out by a 

two-stage conversion system, i.e. DC-to-DC conversion using 

either boost converter or buck- boost converter and DC to AC 

conversion using a voltage source inverter (VSI). Although 

the boost converter provides a high step-up output voltage, 

but it does not give the smooth starting of the motor [3].  The 

other buck- boost converters like CUK and SEPIC converters 

require more number of components making them bulky and 

inefficient [4]. In addition, VSIs cannot provide high voltage 

AC output from low voltage DC input. To overcome the 

above problems, this paper proposes a simple, cost-effective 

boost inverter fed induction motor drive employing PV based 

CSCC for water pumping system in the agricultural sector. 

Advantages of the CSC converter are nonpulsating input 

current and lower power electronic components [5-7]. 
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Presence of less number of components in the CSC converter 

makes it more efficient. The most important characteristic of 

the boost inverter is it is able to  

generate high AC output voltage than its DC input voltage. 

That means it is not only performing DC to AC conversion but 

also provides enhanced AC output voltage, unlike VSI which 

provides less output voltage from input DC source. 

Voltage enhancement feature of CSCC and boost inverters 

of the proposed scheme reduces the rating of the PV system. 

Soft starting of the induction motor is ensured by the 

canonical switching cell converter. Perturbation and 

observation (P & O) MPPT algorithm is used in this paper to 

operate the PV array at maximum power point. Finally, the 

effectiveness of the proposed scheme is verified with the help 

of MATLAB/SIMULINK software and corresponding results 

are presented. 

 
Fig. 1. CSC Converter fed Induction motor for Water 

pump 

II.  CONFIGURATION OF PROPOSED SYSTEM 

The following figure 1 shows the overall structure of the 

boost inverter fed induction motor drive employing PV based 

CSC converter for water pumping system. It consists of a PV 

array, CSC converter, boost inverter, induction motor and a 

water pump. The power requirement of the water pump is 

achieved from the PV array via CSCC and boost inverter. The 

detailed operations of the P& O based MPPT algorithm, 

CSCC and boost inverter are 

explained below. 
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A. P & O Based MPPT Algorithm 

 

 A simple, efficient and commonly used P& O MPPT 

algorithm [8, 9] is used in this paper to optimize the PV array 

power (Pm) and also to provide a smooth starting of the 

induction motor. This algorithm controls the duty cycle (D) of 

the CSC converter to operate the PV array at maximum power 

condition. The operation of this algorithm is explained with 

the help of the P-V curve of the solar array which is shown in 

figure 2. This algorithm introduces a perturbation to change 

the operating point of the P-V curve according to the 

following conditions. 

 

(i) If 0
pv

pv

dP

dV
  (left of the MPPT), then the operating 

point moves in the forward direction. 

(ii) If 0
pv

pv

dP

dV
  (right of the MPPT, then the operating 

point moves in the reverse direction.  

(iii) Repeat the above process,  until 0
pv

pv

dP

dV
  

condition is achieved, which is the required 

operating point at which the PV array generates 

the maximum power. 

 
       Fig. 2. P-V curve of a solar cell 

The following flow chart illustrates the steps involved in 

the P& O MPPT algorithm to achieve peak power from the 

PV array. After the calculating the PV cell voltage V (n), 

current I (n) and power P (n), calculate the change in the 

power (∆P). If ∆P = 0, then stop the iteration process because, 

this is the maximum power point tracking condition. If ∆P >0 

and ∆V >0, then decrease the duty cycle of the dc-dc 

converter to move the operating point in the forward direction 

towards MPPT point. If ∆P >0 and ∆V <0, then increase the 

duty cycle of the converter to move the operating point in the 

forward direction towards MPPT point. If ∆P <0 and ∆V >0, 

then increase the duty cycle to move the operating point in the 

reverse direction towards MPPT point. If ∆P <0 and ∆V <0, 

then decrease the duty cycle to move the operating point in the 

reverse direction towards MPPT point. 

  

 
Fig. 3. Flow chart of the P & O MPPT algorithm  

B. Working of CSC Converter 

 

The circuit arrangement of the CSCC is depicted in figure 

4. The principle operation of the CSCC is similar to that of 

traditional CUK converter. PV array is the input source for the 

CSC converter. The two operating modes of the CSCC are 

explained below. 

 

Mode 1: when the switch (S) is closed, the diode (D) 

becomes reverse bias and the equivalent circuit diagram for 

this mode is shown in figure 5. In this mode, the energy is 

transferred from PV and capacitor Ca to the inductor (L). The 

capacitor Ca discharges through the inductor and the output 

capacitor Cb tries to reduce the voltage across the capacitor 

Ca. 

 

Mode 2: Due to the opening of switch (S), the diode (D) 

becomes forward bias in this mode and corresponding 

equivalent circuit is shown in figure 6. The energy stored in 

the inductor L is transferred to Ca and Cb. 

 

 
Fig. 4. PV fed Canonical Switching Cell Converter 

(CSCC) 
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Fig. 5. Mode 1 Circuit diagram 
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Fig. 6. Mode 2 Circuit diagram 

The relation between the average input and the output voltage 

of the CSC converter is given as, 

                       
1

b pv

D
V V

D



                         (1) 

Where Vb = average output voltage 

        Vpv = PV array voltage 

           D = Duty cycle of the CSCC 

From above relation, the CSCC provides the required step-up 

voltage for the boost inverter by controlling the duty cycle. 

This feature reduces the rating of PV array. 

C. Working of Boost Inverter 

The regulated output of PV fed CSCC is given to the boost 

inverter to feed the induction motor. The boost inverter [10- 

13] enhances the dc output voltage of the CSCC into AC 

voltage required for the induction motor. The circuit 

configuration of the boost inverter is shown in figure 7. It is 

composed of two converters A and B, which are operated out 

of phase with each other. The output voltages of converter A 

and converter B are given below. 

1 inbV V s t                        (2) 

2 inbV V s t                       (3) 

The resultant output voltage of the boost inverter is given by, 

0 1 2 2 sinmV V V V t                         (4) 

 

S1

S2
S4

S3

C1 C2

 

+ V0

Vb

-
Load

L1 L2

Converter A Converter B  
Fig. 7. Circuit configuration of the boost inverter 

The relation between input and output voltage of the boost 

inverter as a function of the duty cycle is obtained as: 

0

2 1

(1 )
b

D
V V

D D





                    (5) 

From the above relation, the boost inverter is able to produce 

the higher AC output voltage, unlike the VSI which produces 

the lower AC voltage. By controlling the switches, the 

required AC output voltage is obtained for the induction 

motor. 

III. RESULTS AND DISCUSSION 

The feasibility of the presented scheme is verified with the 

help of MATLAB/SIMULINK software. The data sheet of 

the solar array considered in the simulation is shown in the 

table I. The parameters related to the CSC converter, Boost 

inverter and induction motor are shown in the below table II. 

The following figures 8 and 9 depicts the I-V and P- V curves 

of the PV array under standard test condition. The following 

figures 8 and 9 depicts the I-V and P- V curves of the PV array 

under standard test condition. From PV curves, it can be 

found that the PV array generates the maximum power (Pmp) 

of 200watts at 26.4 volts. 

 

Table I: Data sheet of the PV Array under 1000w/m2, 

250
0
C 

 

 

 

 

S. NO Parameter Value 

1 Maximum Power (Pmp) 200 Watts 

2 Voltage at maximum power (Vmp)  26.4 Volts 

3 Current at maximum power (Imp)  7.58 A 

4 Open circuit voltage (Voc) 32.9 Volts 

5 Short circuit current (Isc) 8.21 A 

6 Total number of cells in series (Ns) 54 

7 Total number of cells in parallel (Np) 1 
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Table II:  Parameters of the system for simulation 

S. NO Parameter Value 

CSC Converter 

1 Indictor, L 90µH 

2 Intermediate capacitor, Ca 0.66µH 

3 Output capacitor, Cb 100µH 

Boost Inverter 

1 Inductors, L1, L2 10mH 

2 Capacitors, C1, C2 500µF 

1 – φ Induction Motor 

1 Main winding stator resistance, Rs 2.02Ω 

2 Main winding stator inductance, Ls 7.4mH 

3 Auxiliary winding resistance, Ra 7.14 Ω 

4 Auxiliary winding inductance, La 8.54mH 

5 Main winding rotor resistance, Rr 4.12 Ω 

6 Main winding rotor inductance, Lr 5.6mH 

7 Rated Speed 1500RPM 

8 Load torque 2 N-m 

 

 
Fig.  8.  I – V curve of the PV Array under standard test 

conditions 

Figure 10 shows the ability of P&O MPPT algorithm to 

extract maximum power from the PV array considered. It also 

shows the voltage and currents are also at the maximum 

power point. 

 

Fig.  9.  P – V curve of the PV Array under standard test 

conditions 

 

Fig. 10.  Maximum power, Voltage and currents at Pmp 

of the PV array  

The voltage obtained from the PV system is low and it is 

not sufficient to drive the inverter fed induction motor for 

agricultural pumping system. To enhance the low voltage 

obtained from the PV array, a CSC is used in this paper. 

Figure 11 shows the input and output voltages of the CSC 

converter. 

 

Fig. 11.  (a) Input voltage (b) Output voltage of the CSC 

converter 

From the above figure, the CSC converter enhances the low 

voltage DC (26 Volts) obtained from the PV into high 

voltage (135 Volts) required for the inverter fed induction 

motor. The input to the induction motor is obtained from the 

boost inverter, which is fed from the CSC converter. The 

main advantage of the boost inverter is it generates high 

voltage AC from the CSC converter in a single stage which 

is shown in the below figure. 

 
Fig. 12.  Output voltage of the Boost inverter 
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Finally, the boost inverter is used to drive the induction 

motor for agricultural pumping system. The corresponding 

waveforms of the induction motor i.e. speed and torque are 

shown in the below figure 13.   

 

 

Fig. 13.  Speed and torque developed by the induction 

motor 

From the above figure, up to 2 seconds, the speed of the 

induction motor is at its rated value (1500 RPM) under no 

load condition. At t = 2 seconds, a load of 2 N-m is connected 

to the motor and hence the speed of the motor is reduced to 

1400 RPM. 

IV. CONCLUSION 

This paper presents the simple and cost-effective drive 

system for agricultural pumping system. The proposed 

scheme requires less number of PV arrays to run the 

single-phase induction motor. The P & O MPPT algorithm 

used in this paper is effectively tracked the maximum power 

from the PV array. The CSC converter and Boost inverters 

used in the proposed scheme enhances the low voltage input 

into high voltage required for the induction motor. Due to the 

lower components presented in both converters reduces the 

size and implementation cost of the system.  
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