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Abstract: Current source inverters (CSI) is one of the widely used converter topology in 
medium voltage drive applications due to its simplicity, motor friendly waveforms and 
reliable short circuit protection. The current source inverters are usually fed by controlled 
current source rectifiers (CSR) with a large inductor to provide a constant supply current. 
A generalized control applicable for both CSI and CSR and their extension namely cur-
rent source multilevel inverters (CSMLI) are dealt in this paper. As space vector pulse 
width modulation (SVPWM) features the advantages of flexible control, faster dynamic 
response, better DC utilization and easy digital implementation it is considered for this 
work. This paper generalizes SVPWM that could be applied for CSI, CSR and CSMLI.  
The intense computation involved in framing a generalized space vector control are dis-
cussed in detail. The algorithm includes determination of band, region, subregions and 
vectors. The algorithm is validated by simulation using MATLAB /SIMULINK for CSR 
5, 7, 13 level CSMLI and for CSR fed CSI. 
Key words: current source rectifiers (CSR), current source inverters (CSI), current 
source multilevel inverter (CSMLI), space vector pulse width modulation (SVPWM)  

 
 
 
  1. Introduction 
 
 The inverters used in medium voltage can be classified as voltage source inverter (VSI) 
and current source inverter (CSI). As CSI features the advantage of  simple converter topology 
with the absence of freewheeling diodes compared to voltage source inverters, reliable short 
circuit protection and an inherent four quadrant operation it is best suited for applications such 
as pumps, fans, conveyors, cranes and transportation drive systems where DC distribution 
network is available. In practice CSI are generally fed by a current source rectifier (CSR) as 
shown in Fig. 1 which improves the input power factor, reduces the line current distortion and 
ensures superior dynamic response. The CSR normally requires a three phase filter capacitor 
at its input which assists the commutation of the switching devices and to filter out line current 
harmonics. The major drawback of CSR fed CSI is due to the inductor used to produce a con-
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stant current, which increases the conduction losses and hence reduce the efficiency of energy 
storage compared to capacitors in VSI. This major drawback of the inductor usage is over-
come by the development of super conducting energy storage technology. An extensive survey 
of different topologies of a current source converter for industrial medium-voltage drives are 
done by the researchers. [3, 4, 7, 10-11]. The power rating of the CSI fed drive can be in-
creased by operating two or more CSI in parallel also called as multilevel inverters (MLI).  
The commonly used control schemes applied for CSI are trapezoidal modulation (TPWM), 
selective harmonic elimination (SHE) and space vector modulation (SVM). Carrier phase 
shifted SPWM and trapezoidal PWM methods are applied for three phase current source in-
verters [5-6]. The SVM control scheme is dealt in this paper as it features the advantages such 
as the lowest DC current utilization due to its bypass operation and fast dynamic response. 
Space vector technique for DC current balance control in CSI and front end rectifiers are also 
studied by researchers [8, 10]. A review of analysis and simulation of multilevel inverters, 
dual current source inverters are also discussed for high power industrial applications [2, 9, 
12-14]. A detailed mathematical computations involved in framing a space vector algorithm 
for multilevel cascaded voltage source inverters is investigated [1]. The SVPWM of VSI can-
not be used for CSI as the current vectors are phase shifted by 30° with respect to voltage 
vectors. The paper is organized as, section 2 describing the power circuit and the switching 
states of the CSMLI topology followed by the detailed mathematical analysis of the general-
ized space vector approach in section 3. In section 4, the performance of the algorithm is vali-
dated by simulation using MATLAB/SIMULINK and section 5, concludes the paper indicat-
ing a certain drawback of the algorithm. 

 
 

  2. Description of the power circuit and its switching states 
 
 Figures 1 and 2 show the power circuit of CSR and CSMLI considered for this work. The 
CSMLI topology is composed of two three-phase CSI modules connected in parallel. The 
power rating and the level can be increased by connecting N three phase modules in parallel. 
The inverter is assumed to be fed from an ideal current source. In practice it is obtained using 
current source rectifier as shown in Fig. 1 with a large inductor to provide a constant supply 
current. Three phase capacitor Cf at its output as shown in Fig. 2 is required to assist the com-
mutation of the switching devices. It also acts as a harmonic filter and eliminates the high 
dv/dt problem. The switching states of the CSI are valid provided it satisfies the following 
constraint.  

1) Only 2 switches in each modular unit should conduct at any time instant, one in the top 
half and other in the bottom half.  

2) Minimum number of switching is required when Iref transfers from one region to the 
other. 

 Based on this constraint the inverter has a total of 81 switching states which are further 
identified as 66 active and 15 zero states. The On-State Switches of the modular units are 
shown in Table 1. 
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Fig. 1. Topology of current source rectifier 

 
 

 
Fig. 2. Modular topology of 5 level current source inverter 



                                        J. Anitha Roseline, M. Senthil Kumaran, V. Rajini                           Arch. Elect. Eng. 238

Table 1. Switching states of a 5 level CSMLI 

Type On-State Switches- Top unit On-State Switches- Bottom unit 
 

Zero States 
SA1,sa1 SA2,sa2 
SB1,sb1 SB2,sb2 
SC1,sc1 SC2,sc2 

 
 

Active States 

SA1,sb1 SA2,sb2 
SA1,sc1 SA2,sc2 
SB1,sc1 SB2,sc2 
SB1,sa1 SB2,sa2 
SC1,sa1 SC2,sa2 
SC1,sb1 SC2,sb2 

 
 
  3. Mathematical analysis  

 
 Figure 3 shows the major steps involved in framing the control algorithm to generate the 
switching pulses. The algorithm is developed assuming that the DC current sources are stable 
and the operation is balanced. 
 
3.1. Generation of current space vectors 
 Assuming that the operation of the inverter is balanced. The instantaneous three phase 
output currents Ian, Ibn, Icn of phase A, B and C is given by (1) 

  0)()()( =++ tItItI cnbnan  (1) 

  The three phase currents (Iabc) are transformed to 2D plane (α, β) using Clarke’s transfor-
mation. The current space vectors corresponding to any state of parallel inverter can be ob-
tained using (2) and (3) 

  3
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3
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 The space vector plot can be obtained by plotting α vs. β. The vector patterns obtained for 
5 and 7 level current source multilevel inverters are shown in Fig. 4.  
 From Fig. 5, it can be observed that the space vectors forms hexagonal pattern for both CSI 
and VSI MLI, which are further divided into 6 major regions (R1-R6) but current vectors are 
phase shifted by 30° with respect to voltage vectors. Hence SVPWM of voltage source invert-
ers cannot be used for current source converters. As the vector plots of CSI and CSR are iden-
tical and CSMLI are extensions of CSI the algorithm is unified. 
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Fig. 3. Flow chart of the algorithm 

 

 

abc to αβ transformation 

αβ to |A| and θ  

Band identification 

Subregion enclosing Vref 

Determine 3 nearest vector  

Identify the band of 3 vectors 

Sequential selection of vectors 

Coordinates of the subregion 
enclosing Iref 

Determine switching times 

Switching pulses to switches 

 
  Fig. 4. Space vector distribution for 5, 7 and 13 level CSMLI 
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3.2. Determination of magnitude (|A|) and theta (θ) 
 The location of the reference vector Iref is determined based on |A| and θ as described be-
low. Having found α and β using (4) and (5), magnitude and theta can be calculated as 

  22 βα +=A , (4) 

  ⎟
⎠
⎞⎜

⎝
⎛= −

α
βθ 1tan . (5) 

 

3.3. Determination of band (B) 
 The space between hexagons formed by the vectors is defined as band (B). Band is also 
designated as a layer in the literature. From Fig. 6 it can be observed that the number of hexa-
gons (H) is proportional to the number of bands, (6) gives the generalized relationship be-
tween B and level (N) of the inverter.  

  
2

1−−== NNBH , (6) 

 If = 5, B = H = 3 as shown in Fig. 6a. 

 
Fig. 6a.  Bands of 5 level CSI  Fig. 6b. Enlarged view of R1 

          
Fig. 5. Space vector pattern of CSI and VSI 



Vol.  65 (2016)                    Generalized space vector control for CSI and rectifiers 241 

Magnitude )(tZm  and theta )(tZm∠  of the dotted lines as shown in Fig. 6b. Assuming the 
coordinate points of the lines Z1 and Z2  as (a, b), (c, d), (e, f) and (g, h) in the complex plane, 
the generalized equation of the dotted lines irrespective of the level is given by (7) 

  )( )()()1()( jsrtjqpttZm +++−=   for  )
6

)(
6

( ππ <∠<− tZm , (7)  

where: mBm 1)(,...,1,2 −= , ),...(a,e,p =  ),...(b,f,q =  and )( h,...d,s =  are the coordinate 
points. 
 Considering a five level inverter, the coordinate points and the equation of the line Z1 were 
found to be  
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 Based on the magnitude and theta of Z1(t) the band can be identified as B1/B2 if it satisfies 
the following condition given by (8) 
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3.4. Identification of the co-ordinates and its subregions  
 From the space vector pattern it is evident that the region enclosed by the reference vector 
forms an equilateral triangle. It is known that the sides of an equilateral triangle are the same 
and the height of the equilateral triangle is 23 . 
 Considering triangle ABC in Fig. 7. Having known two coordinates of the triangle the 
third coordinate can be found by applying the sine rule. It is evident from the vector distribu-
tion that at any instant of time the reference vector is enclosed by three vectors which form a 
subregion (SR). Due to uniform distribution of the vectors the SR so formed are equilateral 
triangles. The number of SR increases with band and is given by (9) 

  ( )[ ]1−+= BBSR . (9) 

 To exactly identify the three nearest vectors enclosing the rotating reference vector the 
equation of the lines (Z1, E1 and E2) as shown in Fig. 8a and hence the magnitudes with re-
spect to theta has to be determined. Using (7), E1 and E2 were found to be 
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 Having found the equations of the lines Z1, E1, E2 the location of the reference vector can 
be identified as SR1 to SR4 based on the constraints as follows 
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Fig. 7. Determination of co-ordinates

 

 
Fig. 8a. Co-ordinates of R1    Fig. 8b. Identification of subregions 
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3.5. Selection of vectors  
 To minimize the harmonic distortion and number of switching per sample, the nearest 
three vectors and its corresponding band has to be selected. Fig. 9(a-c), the selection of three 
nearest vectors in R1 is explained and its extension to the other regions are explained in 
Fig. 10. In Fig. 9a, it can be observed that numbers are assigned to each subregions within a 
region which are again normalized in Fig. 9b to enhance easy computation. The normalized 
subregions are further scaled down to 1 and 0 in Fig. 9c, where 0 denotes odd numbered trian-
gles and 1 denotes even numbered triangles to ensure the proper sequence of vector selection.  

 

 

  
 Fig. 10 denotes that the reference space vector traverse through B2 the selection of nearest 
three (I1, I2 and I3) vectors for all regions are unified and mathematically formulated as given 
by (10 – 14), for an odd numbered subregion, 

  

 

 
a   b   c 

Fig. 9 (a-c). Normalization of sub regions in R1 

Fig. 10. Normalization applied to all regions (R1-R6) 
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 For even numbered subregion, 
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 For both odd and even numbered subregions 

  112 += II . (14) 

 
Fig. 11. Selection of nearest vector in R1 

 
 Having found the nearest three vectors, from Fig. 11 it is evident that vectors are selected 
from different bands of the hexagon. (15) and (16) is used to find specific bands and regions 
of three vectors.  
 For normal or odd numbered triangle,  

  )1(forBand,andforBand 321 −=+ BIBII . (15) 

 For inverted or even numbered triangle, 

  BI),BII =−= 321 forBand1(andforBand . (16) 

3.6. Dwell time calculation 
 For a sampling period Ts, the dwell time for the nearest three vectors represents the duty 
cycle time of the chosen switches. The dwell time calculation is based on an ampere-second 
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balancing principle. The ON time of the switches depend on the duty cycle of three switching 
vectors. From Fig. 12 by vector addition to synthesize reference voltage, (17) must be satis-
fied. Solving (18), (19) and (20) D1, D2 and D3 can be determined. 

 

 

  D1I1 + D2I2 + D0I0 = Iref. (17) 

 This implies that   

  D1X1 + D2X2 + D0X0 = 0, (18) 

  D1Y1 + D2Y2 + D0Y0 = 0, (19) 

where Di is a duty cycle and Xi, Yi are co-ordinates of Ii with reference to Iref (where i = 1, 2, 3) 
and since I1, I2 and I3 encloses Iref. 

  D1 + D2 + D0 =1. (20) 

 Modulation index (ma) for CSI is given by (21) 

  
d

a I
I

m ref= , (21) 

where dref(max) II =  and 1max =m . 

 The range of ma is 0 # ma # 1. 
 
 
  4. Simulation results 

 
 The performance of the proposed algorithm technique has been validated by simulation in 
the MATLAB/SIMULINK environment for 5, 7, 13 level CSI-MLI current source rectifier 
and 3 φ CSR fed CSI with RL load. The simulation parameters are shown in Table 2. 
 Fig. 13 is the load voltage and load current waveforms obtained for 5 level CSMLI. The 
CSMLI comprises of two modules of CSI connected in parallel. Each modules are fed by ideal 

 
Fig. 12.  Synthesis of reference vector Iref 
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current source of 1 A. At modulation index ma = 0.7, Vph (peak) =39.8 V, VL (peak) = 68.9 V, 
IL (peak) = 2 A, IL (rms) = 1.414 A. 
 

Table 2. Simulation Parameters of 7 level CSI MLI 

Quantity Value  
R-L Load R = 20Ω, L = 27 mH 

Ideal current source 5 A (5 level) 
Output voltage frequency 50 Hz 

Switching frequency 5 kHz 
 

 
 
 In Fig. 14 the load voltage and load current waveforms obtained is shown by incorporating 
the algorithm for 7 level CSMLI. The CSMLI comprises of three modules of CSI connected in 
parallel. Each modules are fed by ideal current source of 5A. At modulation index ma = 0.9, 
Vph (peak) = 333 V, VL (peak) = 576.77 V, IL (peak) = 15 A, IL (rms) = 10.6 A. 

 

 
 

 The load voltage and load current waveforms obtained by incorporating the algorithm for 
13 level CSMLI is shown in Fig. 15. The CSMLI comprises of three modules of CSI connect-
ed in parallel. Each modules are fed by ideal current source of 2 A, 4 A and 8 A. At ma = 0.86, 
Vph (peak) = 282 V, VL (peak) = 488.43 V, IL (peak) = 12 A, IL (rms) = 8.48 A. 
 The proposed algorithm has also been applied for a current source inverter fed by a current 
source rectifier. The rectifier output voltage and current obtained when operated at unity mod-
ulation index are shown in Fig. 16. The line Vab = 77 V, phase voltages Vbn=Vcn = 46 V of 
current source inverter fed by CSR are shown in Fig. 17.  

 
Fig. 13. Load voltage and load current waveforms of 5 level CSI-MLI 

 
Fig. 14. Load voltage and load current waveforms of 7 level CSI-MLI 
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Fig. 17. Line voltage Vab and phase voltage Vbn and Vcn of CSR fed CSI 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. Analysis of THD and fundamental component of load voltage and current 

Total Harmonic Distortion Analysis  Fundamental (50)Hz ma 
 Load Voltage Load Current Load Voltage Load 

Current 
 

5 level CS-MLI 1.45% 37.62% 37.82 1.6 0.6 
7 level CS- MLI 1.14% 19.93% 334.9 14.22 0.9 

13 Level CS-MLI 0.66% 9.04% 282.9 12.01 0.86 

 
 A comparative analysis of total harmonic distortion and fundamental components of load 
current and load voltage at specific modulation indices are studied for 5, 7 and 13 level current 

 
Fig. 15. Load voltage and load current waveforms of 13 level CSI-MLI 

 
Fig. 16. Load voltage and load current waveforms of current source rectifier 
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source multilevel inverters as shown in Table 3. It can be observed from the table that the 
THD of both current and voltage reduces with increase in level which marks the advantage of 
higher level inverters. 
 
  5. Conclusion 
 
 A generalized approach to employ space vector pulse width control technique for current 
source rectifiers, inverters and multilevel current source inverters was proposed. The perplexi-
ty involved in framing the algorithm is discussed in detail. The developed control is validated 
by simulation using Matlab/Simulink. The simulation result proves that it can be employed to 
any type and level of parallel inverters and rectifiers. A comparison among different levels of 
CSMLI has also been done. The major drawback of this method is that it cannot be applied 
when the system is unbalanced. 
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