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Abstract: 

The computational complexity of three dimensional space vector modulation technique (3DSVM) for 
three phase four leg inverters with ghϒ coordinate system withcomparison with other conventional 
methodsis discussed in this paper. Three dimensional space vector modulation is used to deal with 
unbalanced load in three phase inverters. Unbalance in load in three phase inverters are due to a number of 
reasons. Past researchers use different modulation techniques like αβϒ and abc coordinate system to 
implement 3DSVM. ghϒ coordinate system is a different system that combines the positive aspects of 
previous versions with 600 coordinate system.      
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I. INTRODUCTION  
A three phase system must capable to supply a 

balanced sinusoidal voltage and current, irrespective 
of load, whether it is balanced or not. The power 
quality problems increases everyday due to the 
increase of decentralised generation of power using 
renewable energy sources such as solar energy and 
wind energy [2][3][4]. The quality of power is 
characterised by harmonics, reactive power, neutral 
current, voltage sags and voltage swells ,and power 
quality decreases with population of non-linear 
single phase loads and unbalanced three phase 
loads[4][5]. The power quality improvement is 
being raised by industrial, commercial as well as 
residential power users[4][5]. Non-uniformly 
connected non-linear loads like static converters, 
electric machines and other unbalanced loads results 
into harmonic currents and thereby degradation of 
power quality. Common methods of power quality 
improvements are transient suppressers, line voltage 
regulators, uninterrupted power supplies, static 
filters and active power filters [1][6]. Harmonic 
pollution can be addressed by a four wire three 
phase system, and a converter with four wires 
provides a flexible control over the neutral 
currents[7] caused by loads. 

3D space vector modulation found applications 
in power quality improvement by using active 
power filters[3] or Active power compensators[5], 
by injecting harmonics into the three phase system, 
equal to the distortion provided by the loads, in 
phase opposite, applied at the point of common 
coupling[8][4].  

This paper explains ghϒ coordinate system in 
details, for dealing unbalanced system. In section 2, 
it explains the structure of a three leg and four leg 
inverters. In next section 3D-SVM is explained with 
the need for 4 leg system. As the last section, ghϒ 
coordinate is explained with comparison with older 
coordinate systems like αβϒ and abc.  

II. THREE PHASE FOUR WIRE SYSTEMS 

A. Classification of Three Phase Four Wire 

systems 

Inverter structure to mitigate the unbalance in 
three phase system must have a neutral line for the 
flow of neutral current [40][41]. Four wire inverter 
topology is used to produce balanced output 
voltages by controlling the neutral current, even 
under unbalanced load[40][26]. The two popular 
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configurations of converter that provide a neutral 
connection as a feedback are, 

(a) Split DC link capacitor type inverter [25][41]. 

(b) Four leg inverter topology [25][28][42]. 

 

B. Split DC Link capacitor type inverter  

This is the simple approach to handle neutral 
current by linking it to the center point of DC link 
capacitors, so that the neutral current can flow 
through the capacitors [25][19][29] Fig.1. This has 
six switches and thereby reduced cost of installation 
and switching loss. As the neutral point is connected 
to the center point of DC link, the compensation 
current will flow through the upper and lower 
capacitors, causes variations in DC link voltages. In 
[19][41] an algorithm that simultaneously control 
current harmonics, neutral current and DC voltage 
variation across capacitors, using 3D-SVM is 
presented. Here two zero vectors that point to the 
opposite axis are utilized for balancing the voltages 
across the upper and lower capacitors.  

 

 

The drawbacks of this method are (i) high value 
capacitor requirement for DC link voltage regulation 
and (ii) poor utilization of DC link 
voltage[30][26][31].   

 

C. Four leg inverter topology 

This topology is the advanced alternate inverter 
configuration to handle neutral due to unbalanced 
load[32]. The drawbacks of split DC link capacitor 
system can be solved using this configuration by 
tying neutral link with fourth leg. Neutral link is 
accessible for current compensation and provides 
maximum DC link utilization[30], with other 
advantages requires small capacitance value, EMI 

and CMV reduction[31]. Compared to conventional 
three legged converter controlled by 2D space 
vector modulation, a four legged converter requires 
3DSVM with sixteen switching vectors[33]. The 
switching vector controllability of this topology is 
better than split capacitor topology[21][26].     

 

III.THREE DIMENSIONAL SPACE VECTOR 

MODULATION (3DSVM) 

  

A. 3D Space Vector 

3D space vector is the equivalent resultant 
rotating vector from a three phase quantity. The 
instantaneous voltage space vector can be expressed 

as�� � ��� 	��	 
 �. �
 
 ��. �� ,  
where� � ����� 	���	�� � ������  

In conventional three phase inverter, an assumption 
of �	 
	�
 
 �� � 0  is made, where the variables 
are in �, �, �  coordinates. �	
� can be transformed 
into variables in ��  orthogonal coordinates ��� . 

Using 3 sets of switches, a conventional inverter can 
represent 8 possible switching vectors, and is 
represented as a regular hexagon in 2D space 
[25][41].  

 The necessity of three dimensional SVM is first 
discussed with a scheme in [25][28],1997, and it is 
considered to be the best switching scheme for a 
three phase four-leg inverter with balanced or 
unbalanced load. It represents the neutral current 
resulted by unbalanced load as a third dimension, 
and the scheme is a generalization of conventional 
2DSVM [41]. 

In unbalanced three phase system�	 
	�
 
 �� � 0, 
due to zero and negative sequence current. These 
three phase quantities are three independent 
variables that can be transformed into three 
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dimensional orthogonal coordinates  ��� [25][13][7]. The transformation equation of 

three phase quantity into αβγ coordinate is given by 
Clarke transformation (7) 

!����� " �
�� #$
$$
%1 − (� − (�0 √�� − √��(� (� (� *+

++
, -�	�
�� .                    (7) 

The orientation of switching vectors in 3D space is 
shown in Fig.3. 

B. Switching Vectors in three dimensional Space  

In 2D system, a traditional three leg inverter has 
only eight switching combinations using three 
switches and its complements. In 3DSVM, the four 
leg inverter has sixteen switching combinations 
using four switches and its complements. The 
switching pattern can be expressed as /0	, 0
	, 0�, 012, whereas �, �, � and 3 correspond to 

four legs in inverter and each switch, for example 0	can be turned on or off and is denoted using ′5′ 
for indicating switch is on and ′�′ for indicating off. 
Therefore using these switches, total sixteen 
switching patterns are possible, in which two of 
them are zero switching vectors�5555, ����), and 
fourteen are non zero vectors [34].    

C. Reference Vector in Three Dimensonal Space 

In order to maintain a balanced output in steady 
state, the control reference voltage must be a 
balanced three phase voltage with positive sequence 
load current. In actual three phase system with 
nonlinear loads, load current becomes corrupted by 
positive, negative and zero sequence load currents, 
and the reference vector becomes irregular[30]. If 
the reference vector is balanced and rotating in a 2D 
plane, the switching vectors need to have only eight 
possibilities which can be represented in αβ plane. 
The presence of load unbalance makes the system 
to be represented in 3D using three orthogonal axes 
αβγ.   

D. Reference vector Synthesis in 3D space  

In 3D-SVM the reference vector is in a 3D space, 
whereas in 2D system it is in a regular hexagon. 
Similar to 2D-SVM, switching vector selection and 
projection of reference vector into the selected 

vectors are to be done in 3DSVM also [33][24]. In 
3DSVM the selection of switching vector involves 
complex steps like prism identification and 
tetrahedron identification, equivalent to triangular 
sector identification in 2D-SVM [28][25][34]. The 
tetrahedron corresponds to the nearest vectors for 
reference vector synthesis. The switching time 
duration calculation of the selected vectors is very 
similar to that in 2D system by projecting the 
reference vector into adjacent non zero reference 
vectors.        

E. Sequencing of Switchning Vectors 

Like 2D-SVM, the selected switching vectors 
may be arranged in different schemes based on the 
different optimization criteria[30]. Sequencing 
schemes are categorized into Class I and Class II 
based on the selection of zero sequence vectors [30].   

 

IV. GHϒ COORDINATE SYSTEM 

The advantages in the 3DSVM using 600 coordinate 
system, in which the voltage vectors were placed 
into 7ℎ9 coordinates was introduced in [34]. 
Intermediate variables found as a function of 
reference vectors  �:, �;, �  were used for the 
determination of switching vectors and calculation 
of duty cycles [41]. For a 4L inverter, projection of 
switching vectors in 3D space on a 2D plain is a 
regular hexagon, so it is feasible to create a 600 
coordinate system as 7ℎ coordinate. In 7ℎ9system, 
the axis 7  is taken to coincide with α of αβ 
coordinate system in 2D,  ℎ is taken at 600 counter 
clockwise with 7 and 9 axis is taken perpendicular 
to both 7 and ℎ at the origin. The reference vector �<=1 in abc coordinate ��	1, �
1 , ��1)  can be 

transformed into 	��:, �; , � )7ℎ9system [34]. 

 

!�:�;� " �
�� !
1 −1 00 1 −1(� (� (�

" !�	1�
1��1"          (3) 

 

In [34] six numbers of intermediate variables are 
obtained from ��:, �;, � ) ,on which linear 
transformations are performed for prism 
identification, tetrahedron identification and for duty 
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cycle calculation[34]. The intermediate variables 
obtained from �:, �;, �  are, >��:, �;, � )=3�; @��:, �;, � )=2�: 
 �; 
 2�  B��:, �;, � )=�: − �; − 2�  C��:, �;, � )=�: 
 2�; − 2�  D��:, �;, � )=3�: E��:, �;, � )=3�: 
 3�; 

 

 

 

 

 

 

 

 

 

 

As per the table shown above, the vectors in 7ℎ9are 
obtained from the transformation and scaling. The 
control space becomes a hexagonal prism like the 
3D space in conventional space vector system in 
αβγ. Similar to αβγ the projection of vectors into 2D 
plane  

 

forms a hexagon in 7ℎplane. The hexagon can be 
divided into six triangles in 7ℎ plane, and it 
represents the projection of prism in  which the 
reference vector resides into 2D space [34].  The 
prism identification can be made easy using the 
intermediate values	D, >	and	E. 

Each prism accommodates four tetrahedrons and is 
defined by five numbers of planes with three 
boundary planes. To identify the current 
tetrahedron, boundary planes are used. Using the 
intermediate variables >, @, B, C, D	and	E  the 
tetrahedrons and their duty cycles can be 
obtained[34] ,and the procedure is same as that of 
abccoordinate system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V. COMPARATIVE STUDY OF 3DSVM 

SYSTEMS 

Characteris

tics 

Types of 3DSVM 

αβγ IJK LMN 

Control area 
Hexagonal 
Prism 

Dodecahedron 
Hexagonal 
Prism 

No of 
switchning 
Vectors 

14 NZV & 2 
ZV 

14 NZV & 2 
ZV 

14 NZV & 2 
ZV 

Computatio
nal 
complexity 
with 
multilevel 

Increases with 
number of 
levels 

Remains same 
Increases with 
number of 
levels 

Computatio
nal 
Complexity  

Higher Moderate Less 

Dwell time 
calculation 

Look-up table 
based 

Online 
calculation 

Using 
interediate 
variables 

Computatio
n stages 

1. Prism 
identification 
2. Tetrahedron 
Identification 
3. Vector 
Identification 
4. Duty cylce 
calculation 
5. Sequencing 

1. Tetrahedron 
Identification 
2. Vector 
Identification 
3. Duty cycle 
calculation 
4. Sequencing 

1. Prism 
identification 
2. Tetrahedron 
identification 
3. Vector 
Identification 
4. Duty cycle 
calculation 
5. Sequencing 

.Comparison of 3DSVM techniques 

VI.  RESEARCH in 3DSVM 

Modified 3DSVM technique discussed in [26][40] 
explains 3DSVM without zero vectors with the aim 
of reducing the switching loss about 33% compared 
to conventional 3DSVM, with improved DC bus 
utilization. 
The relationships between ��9	coordinate		system	and	���	  coordinate 

Switch
ing 

Vector 

�	1/�Y�  

�
1/�Y� ��1/�Y� �:/ 13�Y� �;/ 13�Y�  � / 13�Y�  
Vector 
Name 

0000 0 0 0 0 0 0 �(  

0001 0 0 1 0 2 1 �� 

0010 0 1 0 -2 2 1 �� 

0011 0 1 1 -2 0 2 �Z 

0100 1 0 0 2 0 1 �[ 

0101 1 0 1 2 -2 2 �\ 

0110 1 1 0 0 2 2 �] 

0111 1 1 1 0 0 3 �̂  

1000 -1 -1 -1 0 0 -3 �_ 

1001 -1 -1 0 0 -2 -2 �(` 

1010 -1 0 -1 -2 2 -2 �(( 

1011 1 0 0 -2 0 -1 �(� 

1100 0 -1 -1 2 0 -2 �(� 

1101 0 -1 0 2 -2 -1 �(Z 

1110 0 0 -1 0 2 -1 �([ 

1111 0 0 0 0 0 0 �(\ 

Table of switching vectors in 7ℎ9coordinates 
 

S � A 
 2 c B 
 4 c C 
 

 
Prism I II III IV V VI 

S 3 2 6 4 5 1 

Prism identification in 7ℎ9 system 
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system is explained in [39][40][41] along with 
algorithm for continuous and discontinuous 
3DSVM. It proposes a new technique for 
tetrahedron identification and active vectors using 
the relation between reference vector and 
corresponding tetrahedron. 

VII. CONCLUSIONS  

This paper discussed the comparison of ghϒ 
coordinate system with other coordinate systems in 
four leg inverters. The three phase inverter topology 
is explained with three dimensional space vector 
modulation in the first and second sections. The 
improvements promised by ghϒ coordinate system 
is explained with the help of comparison with abc 
and ��9 coordinate systems.   

 

REFERENCES 

 
[1] B. R. Lin and Y. C. Lee, “Three-phase power quality compensator 

under the unbalanced sources and nonlinear loads,” IEEE Trans. Ind. 
Electron., vol. 51, no. 5, pp. 1009–1017, 2004. 

[2] T. Premgamone, S. Leksawat, D. Holtschulte, E. Ortjohann, A. 
Schmelter, and D. Morton, “Three-Dimension Space Vector 
Modulation for Three-Level Four-Leg Inverters with DC-Link,” pp. 
578–584, 2017. 

[3] G. Compensator, R. R. Sawant, and M. C. Chandorkar, “A 
Multifunctional Four-Leg,” vol. 45, no. 1, pp. 249–259, 2009. 

[4] C. Zhan, A. Arulampalam, N. Jenkins, and S. Member, “Four-Wire 
Dynamic Voltage Restorer Based on a Three-Dimensional Voltage 
Space Vector PWM Algorithm,” vol. 18, no. 4, pp. 1093–1102, 
2003. 

[5] R. A. Modesto, S. Augusto, A. Albano, and D. O. Júnior, “Power 
quality improvement using a dual unified power quality conditioner 
/ uninterruptible power supply in three-phase four-wire systems,” 
vol. 8, pp. 1595–1605, 2015. 

[6] C. Generalized, N. Dai, S. Member, M. Wong, Y. Han, and S. 
Member, “Application of a Three-level NPC Inverter as a Three-
Phase Four-Wire Power Quality,” vol. 21, no. 2, pp. 440–449, 2006. 

[7] F. Rojas, R. Cardenas, R. Kennel, J. C. Clare, and M. Diaz, “A 
Simplified Space-Vector Modulation Algorithm for Four-Leg NPC 
Converters,” IEEE Trans. Power Electron., vol. 32, no. 11, pp. 
8371–8380, 2017. 

[8] S. Orts, F. J. Gimeno-sales, A. Abellán, S. Seguí-chilet, M. Alcañiz, 
and R. Masot, “Achieving Maximum Efficiency in Three-Phase 
Systems With a Shunt Active Power Compensator,” vol. 23, no. 2, 
pp. 812–822, 2008. 

[9] D. Shen and P. W. Lehn, “Fixed-frequency space-vector-
modulation control for three-phase four-leg active power filters.” 

[10] H. Golwala and R. Chudamani, “A modified three dimensional 
space vector based PWM method for four-leg voltage source 
inverter fed asymmetrical two-phase induction motor,” Proc. Int. 
Conf. Power Electron. Drive Syst., no. December, pp. 573–578, 
2011. 

[11] M. Ucar and E. Ozdemir, “Control of a 3-phase 4-leg active power 
filter under non-ideal mains voltage condition,” Electr. Power Syst. 
Res., vol. 78, no. 1, pp. 58–73, 2008. 

[12] Y. Xu, J. Chen, Y. Xu, and R. Huang, “Control strategy of three-
phase four-arm active power filter,” Proc. 2010 5th IEEE Conf. Ind. 

Electron. Appl. ICIEA 2010, pp. 1072–1075, 2010. 

[13] L. Li, X. Xu, Y. Wang, Y. Xie, Z. Zeng, and X. Zhang, “Simplified 
algorithm of 3D-SVPWM in three level3-phase 4-wire active power 
filter,” 2016 IEEE Int. Conf. Power Renew. Energy, ICPRE 2016, 
no. 2, pp. 115–119, 2017. 

[14] A. Chebabhi, M. K. Fellah, A. Kessal, and M. F. Benkhoris, “Fuzzy 
logic and selectivity controllers for the paralleling of four-leg shunt 
active power filters based on three dimensional space vector 
modulation,” 2015. 

[15] F. Li, F. He, Z. Ye, T. Fernando, X. Wang, and X. Zhang, “A 
simplified PWM strategy for three-level converters on three-phase 
four-wire active power filter,” IEEE Trans. Power Electron., vol. 33, 
no. 5, pp. 4396–4406, 2018. 

[16] A. Chebabhi, M.-K. Fellah, and M.-F. Benkhoris, “3D space vector 
modulation control of four-legshunt active power filter using pq0 
theory,” Rev. Roum. des Sci. Tech. Ser. Electrotech. Energ., vol. 60, 
no. 2, pp. 185–194, 2015. 

[17] A. Kouzou, H. A. Rub, M. O. Mahmoudi, M. S. Boucherit, and R. 
Kennel, “Four wire Shunt Active Power Filter based on four-leg 
inverter,” Int. Aegean Conf. Electr. Mach. Power Electron. 
Electromotion, Jt. Conf., no. September, pp. 508–513, 2011. 

[18] N. Dai, C. Lam, M. Wong, and Y. Han, “Application of 3D D irect 
PWM in P arallel P ower Q uality C ompensators in T hree-phase F 
our-wire S ystems,” no. 1, pp. 3220–3225, 2008. 

[19] N. Y. Dai, M. C. Wong, and Y. D. Han, “Three-dimensional space 
vector modulation with DC voltage variation control in a three-leg 
centre-split power quality compensator,” vol. 151, no. 2, 2004. 

[20] B. Chong, L. Zhang, and M. J. Waite, “Three-phase four-leg flying-
capacitor multi-level inverter-based active power filter for 
unbalanced current operation,” IET Power Electron., 2013. 

[21] M. Aredes, J. Hafner, and K. Heumann, “Three-phase four-wire 
shunt active filter control strategies,” IEEE Trans. Power Electron., 
vol. 12, no. 2, pp. 311–318, 1997. 

[22] M. Aissani and K. Aliouane, “Three-dimensional space vector 
modulation for four-leg voltage-source converter used as an active 
compensator,” SPEEDAM 2010 - Int. Symp. Power Electron. Electr. 
Drives, Autom. Motion, pp. 1416–1421, 2010. 

[23] A. Tashackori, S. H. Hosseini, M. Sabahi, and T. Nouri, “A Three-
Phase Four-leg DVR Using Three Dimensional Space Vector 
Modulation,” 2013. 

[24] L. Zhou, M. Luo, L. Zhou, X. Zhou, and Y. Ye, “Application of a 
four-leg ASVG based on 3D SVPWM in compensating the harmful 
currents of unbalanced system,” PowerCon 2002 - 2002 Int. Conf. 
Power Syst. Technol. Proc., vol. 2, pp. 1045–1050, 2002. 

[25] R. Zhang, D. Boroyevich, V. H. Prasad, H.-C. Mao, F. C. Lee, and 
S. Dubovsky, “A three-phase inverter with a neutral leg with space 
vector modulation,” Proc. APEC 97 - Appl. Power Electron. Conf., 
vol. 2, no. 1, pp. 857–863. 

[26] H. Golwala and R. Chudamani, “New Three Dimensional Space 
Vector based Switching Signal Generation Technique without Null 
Vectors and with Reduced Switching Losses for a Grid-Connected 
Four-leg Inverter,” vol. 1, no. c, 2015. 

[27] P. Verdelho and G. D. Marques, “FOur-Wire Current-Regulated 
PWM Voltage Converter,” IEEE Trans. Ind. Electron., vol. 45, no. 
5, pp. 761–770, 1998. 

[28] V. H. Prasad, D. Borojevic, and R. Zhang, “Analysis and 
comparison of space vector modulation schemes for a\nfour-leg 
voltage source inverter,” Proc. APEC 97 - Appl. Power Electron. 
Conf., vol. 2, pp. 864–871, 1997. 

[29] S. B. Karanki, N. Geddada, M. K. Mishra, and B. K. Kumar, “A 
modified three-phase four-wire UPQC topology with reduced DC-
link voltage rating,” IEEE Trans. Ind. Electron., vol. 60, no. 9, pp. 
3555–3566, 2013. 

[30] F. V. Converters, R. Zhang, V. H. Prasad, D. Boroyevich, and F. C. 
Lee, “Three-Dimensional Space Vector Modulation for,” vol. 17, no.  
pp. 314–326, 2002. 

[31] B. Axelrod, Y. Berkovich, and A. Ioinovici, “Increasing Voltage 



International Journal of Scientific Research and Engineering Development-– Volume 7 Issue 3, May-June 2024 

           Available at www.ijsred.com 

ISSN : 2581-7175                             ©IJSRED: All Rights are Reserved Page 1088 

Utilization in Split-Link ,” IEEE Trans. Power Electron. , 2009., vol. 
24, no. 6, pp. 1562–1569, 2009. 

[32] T. M. Jahns, R. W. De Doncker, P. M. Szczesny, F. G. Turnbull, 
and A. V. Radun, “System Design Considerations for a High-Power 
Aerospace Resonant Link Converter,” IEEE Trans. Power Electron., 
vol. 8, no. 4, pp. 663–672, 1993. 

[33] J. Lai, F. C. Lee, D. Boroyevich, and R. Zhang, “Four-legged 
converter 3-D SVM scheme over-modulation study,” APEC 2000. 
Fifteenth Annu. IEEE Appl. Power Electron. Conf. Expo. (Cat. 
No.00CH37058), vol. 1, pp. 562–568, 2000. 

[34] J. ZHOU, M. LIU, C. WEI, C. GAO, and X. WU, “New three-
dimensional space vector pulse width modulation of PV-AF system 
based on the gh$\gamma $ coordinate system,” Turkish J. Electr. 
Eng. Comput. Sci., vol. 23, no. 2015, pp. 2017–2029, 2015. 

[35] M. M. Prats, L. G. Franquelo, J. I. León, R. Portillo, E. Galván, and 
J. M. Carrasco, “A SVM-3D generalized algorithm for multilevel 
converters,” IECON Proc. (Industrial Electron. Conf., vol. 1, pp. 
24–29, 2003. 

[36] M. M. Prats et al., “A 3-D Space Vector Modulation Generalized 
Algorithm for Multilevel Converters,” vol. 1, no. 4, pp. 110–114, 
2003. 

[37] M. A. Perales et al., “Three-Dimensional Space Vector Modulation 
in abc Coordinates for Four-Leg Voltage Source Converters,” vol. 1, 
no. 4, pp. 104–109, 2003. 

[38] A. Kouzou, M. O. Mahmoudi, and M. S. Boucherit, “A New 3D-
SVPWM Algorithm for Four-Leg inverters,” pp. 1674–1681, 2009. 

[39] Q. F. Xiangsheng Li, Zhiquan Deng, Zhida Chen, “Analysis and 
Simplification of Three-Dimensional Space Vector PWM for 
Three-Phase,” vol. 58, no. 2, pp. 450–464, 2011. 

[40] Padhmakumar, P. K., MP Flower Queen, and P. Babu Aurtherson. 
"Three dimensional space vector modulation for three phase four 
leg inverters-A review." 2018 International Conference on 
Emerging Trends and Innovations In Engineering And 
Technological Research (ICETIETR). IEEE, 2018. 

[41] Padhmakumar, P. K., MP Flower Queen, and P. Babu Aurtherson.. 
"Application of DPWM on 3D Space Vector Modulation with ghγ 
coordinate system for Three Phase Inverters." 2020 IEEE 
International Power and Renewable Energy Conference. IEEE, 
2020. 

 


