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ABSTRACT: Over the years the concept of multilevel inverters has been widely accepted in the zone of high power 
industrial and commercial applications. The low level inverters create harmonic distortions in the output voltage and 
high dv/dt stresses leading to electromagnetic compatibility (EMC) issues and higher harmonic distortion results in 
malfunction of the device or other extra heating losses. A new approach to voltage source multilevel converter has been 
proposed here which creates a smoother sinusoidal output waveform reducing the THD (Total Harmonic Distortion). 
As the number of levels increases the number of power semiconducting devices also increased. In this paper, a new 
inverter is proposed with lower number of switches and sources in order to acquire maximum level. A 15 level inverter 
which employs three sources and 10 switches has been developed. The new topology is framed out by cascading three 
half bridge and a single ‘H-bridge configuration. Three isolated dc sources are realized by connecting the battery cells. 
The voltage level of each source is selected such that it has a binary weighted voltage level. In addition with the 
reduction of switches, a binary combination of the dc sources is selected for each level to reduce the THD. The 
performance of proposed converter is evaluated using MATLAB with its Simulink and Simpowersystems. The results 
verified the performance of the proposed converter. 
 
KEYWORDS: Binary hybrid multi level converter, Cascaded H-bridge converter, 15 level inverter, minimum switch 
multi level converter. 
 

I. INTRODUCTION 
 

The energy storage system is currently possible with dc power only which is   transformed into ac for the high power 
and low power applications. Most of the commercial and industrial equipment's are made to operate with an alternating 
current supplies in order to match with the ac supply system. But due to the unavailability of ac power storing devices 
there arise the need for dc power storage devices for backup, remote power utilization, some lighting, and it reaches the 
most modern electric vehicle applications. In order to meet the present requirement of electric devices it is necessary to 
change the zero frequency power to standard frequency, hence emerged the various inverter topologies and control 
techniques [1-2].  
Inversion of direct current into alternating current is an established idea, but the quality of inverted power is the main 
concern behind every technique [3] focus on the power quality issues at the inverter output. Inverters can be voltage 
source and current source type. The power quality of the inverter output is entirely depends upon the inverter design 
and control techniques. The ultimate aim is to match the inverter output more smoother sinusoidal and hence to 
decrease the harmonic contents of the output. There are different methods available for design and control of the 
inverter to obtain nearly sinusoidal output by decrease the THD. The harmonic content present in the electrical device 
input or the output of the inverter produce unwanted switching losses and circulating harmonic current produce 
unnecessary heating of the machine and results derating of the machine and results aging of the electrical machines [4-
6]. 
Designers are now paying more attention to save electric energy by reducing the harmonics. By increasing the number 
of levels, the THD is reduced considerably but this result in increase in number of switches and the corresponding 
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switching losses. Obviously the control and gate driver circuit for the inverter get complex and bulky which results 
high cost and heavy size of the overall system. It is difficult to change the square wave output into sinusoidal but 
possible with high valued filters, results losses and reduction in the rms output voltage. Multilevel inverters are 
introduced to solve most of the above mentioned problems [7-12]. 
The number of levels can be obtained by changing the design and control of the switches. Basic two level inverter is 
first proposed and it is famous for its simplicity and small size. The two level inverter is used for induction motor 
drives [13], for the active filters [14-16]. For the electric vehicle application using high power dc storage, a multilevel 
inverter is reported [17]. This inverter has low weight and size and therefore compromising the THD. The dynamic 
voltage restorer (DVR) with neutral point clamped Multilevel Inverter has been reported [18]. DVR based on the flying 
capacitor multilevel inverter is also presented [19]. However, these structures have a greater number of switches and 
require additional components such as diodes and capacitors. The cascaded H-bridge converters are used for the voltage 
balance of the battery cells [20-21]. Each H-bridge cell is here used to control one battery cell then the voltage balance 
can be realized by the separate control of charging and discharging of the cells. One major advantage of using 
multilevel inverter is to reduce the filter inductance. Voltage balance control of the battery cells used in STATCOM 
can be realized by the adjustment of the modulation ratio of each H-bridge [22]. A hybrid cascaded multilevel converter 
is reported [23] and the ac output of the converter is multilevel voltage, while the number of voltage levels is the 
number of cascaded battery cells therefore for a greater number of levels that much battery units and corresponding 
switching devices are necessary. 
A new binary hybrid cascaded H-bridge multilevel inverter (BHCMLI) is proposed in this paper which can combine 
the source selection according to the binary weighted pattern and inversion of the dc link voltage with the help of an H-
bridge converter. The application of the multilevel inverter is retained and the proposed system is simulated in the 
MATLAB SIMULINK software. 
 

II. PROPOSED CONVERTER 
 
A desired ac voltage can be taken form the H-bridge sides of the proposed new binary hybrid cascaded H bridge 

multilevel converter for ac power applications such as motor drive, using in active filters, or to connect to the power 
grid. The ac output of the converter is multilevel voltage as the name implies and an efficient energy management 
algorithm is developed for switching battery units according to the binary pattern, hence the number of voltage levels 
are greater than the total number of battery units. It will reduce total harmonic content of the converter output. By 
appropriate switching of the dc sources, it can get different steps in the output voltage waveform creating smoother 
output. Each source is associated with two switches and one for switching ON the source (1, 2&3) and another for 
switching OFF the source (1’, 2’&3’). These switches will determine the number, duration and the delay of the 
multilevel output. Figure 1 shows the total circuit configuration of the proposed circuit where the dc link voltage is 
taken from the terminals a and b and the output ac is taken from the Vout terminal. All the sources are not same in 
potential level and the crucial selection of these sources are according to the binary pattern.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
The circuit operates with an eight modes and each mode describe each voltage level. The function of the serially 
connected half bridges is to create a stepped dc link voltage. For an ideal sine wave, it is necessary to create a multi-

 
Generalizing, 

ܸ = 2(ିଵ) 	× 12	Volt                 (1) 
Where Vn is the nth source voltage capacity. 

ଵܸ = 12 V, ଶܸ = 24 V, ଷܸ = 48 V……. so on. 
The total number of levels available in the output waveform 

݇ = 2ାଵ − 1                                (2) 
Maximum Output voltage, 

ܸ௫ = (2 − 1)12	Volt              (3) 
From the Figure 1 it is clear that using a three sources of 12 V, 24V and 48 V are selected in order to get the 

multilevel output. The maximum number of levels = 23+1-1=15 levels. 
 Volt 84= ݔܸܽ݉
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level dc link voltage input to the H-bridge converter. Every mode shows different levels of output and it starts from 0 
volt to 84 volt. As the total eight modes complete, the circuit will create a 90 degree output voltage and overall the 
180 degree time period is obtained. In order to keep the output frequency as desired grid frequency, it is required to 
create a control signal with the same frequency for the H-bridge will decrease the switching complexity. The upper 
switches in the half bridge circuit are numbered numerically and the lower switches are numbered as compliment of 
the upper switch of the same arm. From the naming itself it is clear that the upper and lower switches in the same leg 
of the half bridge are complimentary switches. All the three half bridge legs are connected in series and cascaded with 
an H-bridge. 
Dividing the each output stages as modes and each mode corresponds to each voltage. It will generate up to 84 volt as 
number of steps of size 12 volt therefore maximum eight steps and corresponding eight modes of operations and 
during each mode, voltage is referred in between the terminals a and b. Mode 1 gives the total short circuiting of load 
or zero voltage across the load. The first mode can be generated by turning on the switches 1’, 2’ 3’ or else turning off 
all the switches. Both will give same output voltage but the first trial will give a freewheeling path to the load current. 
Therefore choose a conducting zero voltage output as shown in figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The 12 volt can be created by turning on the switch 1 and remaining all are as before. At this time, only one switch in 
the upper side is turned on and the first source will selected as 12 volt and produce 12 volt output. It can generalize 
the switches into upper half switches and lower half switches. The transition from one mode to another is achieved by 
controlling the half bridge switches. Similarly, next level of voltage is 24 volt and it can achieve by turning ON the 
second source only and turning OFF the 12 and 48 Volt sources. Similarly it is easy to analyze the modes of 
operations. The figures 4 and 5 show output voltage levels of  24 volt  as the third mode and 84 Volt as mode VIII. 
When the circuit operates at the VIIIth mode, output reaches 90 degrees and a maximum voltage of 84 volt. All the 
upper switches of the half bridges are turned ON and all lower ones are turned OFF. Figures 4-5 shows the selection 
and bypassing of the sources for the desired levels of output. The intermediate modes of operations are present for 
generating desired output levels and they are self-explanatory. 

 

 
Figure 1. Proposed converter circuit 

 

 
Figure 2. Mode I- 0 Volt 

 
Figure 3. Mode II- 12 Volt 
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III. CONTROL SIGNAL GENERATION 
 
First step of control signal generation is by coding the each step of the expected output wave form by binary digits. 
For that, design the required output waveform with desired dc levels. Positive and negative regions are distinguished 
by finding the repeating sequence. The period is set for normal grid frequency and each step duration is calculated 
according to this time period. Now assign the binary coded decimal values for each step as shown in figure 6. B0, B1, 
B2 decimal values are determined and the repeating sequence and its period, delay, duration all can be found. The 
total control of the switches will obtain from the binary coding of the expected output is shown in Figure 6.  

A. Switching Logic 
Considering total three sources and six switches, two switch per source. Appropriate switching gives required DC 
voltage levels across the terminal a-b. Table 1 shows the switch position and the voltage available corresponding to 
the binary bit positions. According to the binary rule, bit is 0 means the corresponding switch is OFF, and 1 for the 
ON position of the switch. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B. Control Signal Design 
In order to get lowest THD output, it is required to change the step size that matching with an original required sine 

wave. For an ideal sinusoidal output voltage, pulse width is modulated according to the requirement. In this paper the 
sine wave is assigned to pass through the midpoint of each voltage levels which will create a lower minimum THD 
output voltage. The maximum available number of steps are fixed and the duration of the pulses is modulated 
analytically is shown in Figure 9. 

 

 
Figure 4. Mode III- 24 volt 

 
Figure 5. Mode VIII- 84 volt 

 
 

Figure 6. Expected DC Link Voltage and respective 
binary coding 

Table 1. Switching Logic 
Binary bit 
Condition 

Corresponding 
switch 

Voltage 
output 

B0=1 1 ON 1’ OFF 12 V 
B0=0 1 OFF 1’ ON 0 V 
B1=1 2 ON 2’ OFF 24 V 
B1=0 2 OFF 2’ ON 0 V 
B2=1 3 ON 3’ OFF 48 V 
B2=0 3 OFF 3’ ON 0 V 
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IV. SIMULATION MODELING AND RESULTS 
 
Control signals are generated with the help of pulse generators and logic gates. Control signal to the switches are 

generated in open loop and it is shown in Figure 10.  
Combination of the switches over a period gives required repeating dc levels is then applied to an inverter. Figure 

11 shows the input to the inverter H-bridge and it is measured in between the terminals a and b. Simulation result is 
shown in the Figure12 and the result reveals that there are eight levels in the positive side (including zero) and seven 
levels in the negative half. The reversal of the supply occurring at the zero levels, it will decrease the switching stress 
and hence dv/dt can be greatly reduced. When taking an overall period there are fifteen levels. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Figure 8. Pulse Width Modulation 

 
 

Figure 9. Control Signal Pattern 

 
Figure 11. DC link voltage Figure 12. Output Voltage waveform 

 

 
Figure 10. Control signal Generated 
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The FFT analysis of the given output waveform is shown Figure 13, from the figure it is evident that the 
fundamental component is 82.75% and the THD is 6.07%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V. CONCLUSIONS 
 
A new 15 level inverter with optimum number of switches and sources has been designed and the performance is 
verified. The proposed binary hybrid cascaded H-bridge multilevel converter consists of three sources and ten 
switches. The total harmonic distortion (THD) of the obtained output voltage is 6.07% which is acceptable in a 
multilevel inverter. For a fixed level, number of sources is reduced and the use of large number of cells connected in 
series is avoided. Multilevel voltages with less harmonic is helpful to improve the performance of the motor drives in 
electric vehicles. Total weight and size of the module is reduced compared to reported cascaded modules. Effective 
use of the sources can be ensured by using this topology and maximum combination achievement is the main 
attraction of the converter. Inverter side switching at the zero voltage level decreases switching stress at the H-bridge 
converter switches.  
 

REFERENCES 
 

[1] Fang Fin Luo and Hong Ye, “Power electronics-advanced conversion technologies” CRC press, Boca Raton , First edition, 2010. 
[2] E.L. Owen, “History [origin of the inverter]” IEEE Trans. On Industr. Electron. vol 2, no. 1,pp. 64-66, Jan, 1996. 
[3] R. D. Henderson, Charlotte P. J. Rose, “Harmonics: the effects on power quality and transformers” IEEE Trans. On Industr. Applications, 

vol. 30, pp. 528-532 Jun. 1994. 
[4] E. F. Fuchs, D. J. Roesler, and K. P.  Kovacs, "Aging of Electrical Appliances Due to Harmonics of the Power System's Voltage ”, IEEE 

Transactions on Power Delivery, Volume. 6, pp. 65-66, July. 1986.  
[5] Hiranandani,  and K. Ajit “Effects of harmonics on the current carrying capacity of insulated power cables used in three phase electrical power 

distribution systems” IEEE Trans. On Power Electr. Vol. 1, pp. 1-5, June 2005. 
[6] R. Singh, and A. Singh, “Aging of distribution transformers due to harmonics” IEEE Trans. On Industrial Electr. vol. 1, pp. 1-8, Sept. 2010. 
[7] L. M. Tolbert, Z. P. Fang, and T. G. Habetler, “Multilevel converters for large electric drives,” IEEE Trans. Ind. Appl., vol. 35, no. 1, pp. 36–

44, Jan. 1999. 
[8] J. Rodriguez, S. Bernet, B. Wu, J. O. Pontt, and S. Kouro, “Multilevel voltage-source-converter topologies for industrial medium-voltage 

drives,” IEEE Trans. Ind. Electron., vol. 54, no. 6, pp. 2930–2945, Dec. 2007. 
[9] [Z. Du, B. Ozpineci, L. M. Tolbert, and J. N. Chiasson, “Inductorless DCAC cascaded H-bridge multilevel boost inverter for electric/hybrid 

electric vehicle applications,” in Proc. IEEE Ind. Appl. Conf., pp. 603–608, 2007. 
[10] F. Khoucha, S. M. Lagoun, K. Marouani, A. Kheloui, and M. E. H. Benbouzid, “Hybrid cascaded H-bridge multilevel-inverterinduction-

motor-drive direct torque control for automotive applications,” IEEE Trans. Ind. Electron., vol. 57, no. 9, pp. 892–899, Sept. 2010. 
[11] D. Ruiz-Caballero, R. Sanhueza, H. Vergara, M. Lopez, M. L. Heldwein, and S. A. Mussa, “Cascaded symmetrical hybrid multilevel DC-AC 

converter,” in Proc. Energy Convers. Congr. Expo., 2010, pp. 4012–4019. 
[12] S. Gui-Jia, “Multilevel DC-link inverter,” IEEE Trans. Ind. Appl., vol. 41, no. 1, pp. 848–854, Jan. 2005. 

 
 

Figure 13. FFT analysis result of output voltage 

http://www.ijirset.com


ISSN (Online)  : 2319 - 8753 
                   ISSN (Print)     : 2347 - 6710                                                                                                                             

 

International Journal of Innovative Research in Science, Engineering and Technology 

An ISO 3297: 2007 Certified Organization                Volume 5, Special Issue 5, April 2016 

International Conference on Emerging Trends in Smart Grid Technology - INCETS'16 
Organized by 

Dept. of EEE, College of Engineering, Trikaripur (CAPE, Government of Kerala), Cheemeni, Kasaragod, Kerala-671313, India             

Copyright to IJIRSET                                                             www.ijirset.com                                                25 

[13] V. T. Somasekhar, K. Gopakumar, A. Pittet, and V. T. Ranganathan, “  A novel PWM inverter switching strategy for a dual two 
level inverter fed open-end winding induction motor drive” IEEE Trans.  in Power Electronics and Driv systems, vol. 1, pp. 196-202, 
Oct. 2001. 

[14] L. Gyugyi, R. A. Otto, and T. H. Putman, "Principles and  applications of Static, Thyristor-Controlled Shunt Compensators", in IEEE 
Transaction on Power Apparatus and Systems, vol. PAS-97, pp.1935-1945, No.5, Sept. 1978 . 

[15] D. Soto, T. C. Green, "A Comparison of High-Power Converter Topologies for the Implementation of FACTS Controllers", in IEEE Trans. of 
Industr. Electron., vol. 49, pp.1072-1080, No.5, Oct. 2002. 

[16] C. Hochgraf, R. Lasseter, D. Divan, and T. A. Lipo, “Comparison of Multilevel Inverters For Static Var Compensation", in Proceedings of IAS 
Annual Meeting, Vol. 2, pp. 921-928, Oct. 1994. 

[17] Mingyan Wang and Kai Tian “A nine-switch three-level inverter for electric vehicle applications” IEEE Trans. Power electr., 
vol.1, pp.1 - 5, Sept. 2008. 

[18] J. D. Barros and J. F. Silva, “Multilevel optimal predictive dynamic voltage restorer,” IEEE Trans. Ind. Electron., vol. 57, no. 8, pp. 2747 -
2760, Aug. 2010. 

[19] P. Roncero-Sanchez and E. Acha, “Dynamic voltage restorer based on flying capacitor multilevel converters operated by repetitive control,” 
IEEE Tran. Power Del., vol. 24, no. 2, pp. 951-960, Apr. 2009. 

[20] L. Maharjan, T. Yamagishi, H. Akagi, and J. Asakura, “Fault-tolerant operation of a battery-energy-storage system based on a multilevel 
cascade PWM converter with star configuration,” IEEE Trans. Power Electron., vol. 25, no. 9, pp. 2386–2396, Sept. 2010. 

[21] F. Richardeau, P. Baudesson, and T. A. Meynard, “Failures-tolerance and remedial strategies of a PWM multicell inverter,” IEEE Trans. 
Power Electron., vol. 17, no. 6, pp. 905–912, Nov. 2002. 

[22] K. Fujii, J. Takazane, M. Ohki, A. Suzuki, S. Konishi, M. Daiguji, and K. Baba, "STATCOM Applying Flat-Packaged IGBTs Connected in 
Series",PESC04, 2004. 

[23] S. M. Lukic, J. Cao, R. C. Bansal, F. Rodriguez, and A. Emadi, “A Hybrid Cascaded Multilevel Converter for Battery Energy Management 
Applied in Electric Vehicles,” IEEE Trans. on power electronics, Vol. 29, NO. 7, July 2014. 

http://www.ijirset.com

