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Abstract: This paper proposes a novel simple staircase modulation to obtain reasonable performance of an output voltage for a cascaded H-
Bridge multilevel inverter. The motivation of the proposed algorithm is that the inverter phase voltage intersects with an original sinusoidal
waveform at equal points in the y-axis. This modulation technique can calculate the independent switching angles more simply than the
traditional method, which employed Fourier’s series analysis, and can be applied to all kinds of multilevel inverters. In this paper, for the
sake of validation, the technique was applied to a cascaded H-bridge inverter with unequal DC sources. Then, it was applied to the seventh,
ninth, eleventh, and twenty-seventh levels of the multilevel inverter. In addition, pulse width modulation techniques used in this type of
multilevel inverter are complicated. The PSIM software program was used for all simulation examples, and its results are consistent with the
experimental results.
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1. INTRODUCTION

Multilevel inverters are currently used instead of two-level
inverters, especially in high-voltage applications. Low-voltage
switches are used in multilevel inverters while high-voltage
switches are used in two-level inverters. Low-voltage switches
are used in multilevel inverters, because, the response is faster,
smaller, and are cheaper. The ability to withstand high voltages
increases when switches are connected in a series. Multilevel
inverters provide better sinusoidal voltage waveform compared to
the two-level inverters because their output voltage contained
more than two voltage levels.

Thus, finding solutions for these equations would become
complicated, take a long time to process, and often include
modern numerical methods algorithms, which make the
calculation difficult to reach owing to the limits of existing
computer numerical software programs [14-19]. Pulse width
modulation techniques that are used in CHB-MLIs with unequal
DC sources are difficult and complicated [20, 21].

Multilevel Inverter Control Schemes

There are different types of multilevel inverters; the cascaded H-
bridge inverters, the diode clamp inverters, the flying capacitor
inverters, and the series-parallel H-bridge inverters [1-6].
Cascaded H-bridge multilevel inverters (CHB-MLIs) are sub-
divided into two types: equal DC source and unequal DC source.
Strategies that are used in multilevel inverters are classified
according to their switching frequencies [7] as shown in Fig.1. A
CHB-MLI is used for all aspects of life application, such as
residential, commercial and industrial, transportation, utility
systems, aerospace and telecommunications systems [8, 9]. Fundamental Switching Frequency High Switching Frequency PWM

A CHB-MLI acquires the following features, which makes it
favourable for many applications: simple to use in commercial |
units; it has availability good improved systems; has
minimaldv/dt; and has lesser voltage total harmonic distortion ; :
(THD). It produces high AC voltage without requiring power e Vet R Spece Vector | | Selctive Hamonic | | Sinusoicel
electronics devices in series. A CHB-MLI produces minimal Pl Elmneion Ll Elimngion WM | | WM
common mode voltage and, more importantly, if the distance
between the converter and the drive is long, there will be no over
voltage on the AC drive terminal [10-12]. The main disadvantage
of a CHB-MLI is that it requires separate DC sources, i.e., DC
link capacitors for each cell, which leads to high component count.

Fig.1. Classification of multilevel inverter modulation techniques

In this research, a simple staircase modulation technique has been
used to obtain lower THD in a CHB-MLI. The contribution of
this work is that the proposed staircase modulation technique
The staircase selective harmonic elimination (SHE) method was calculates the independent switching angles more simply than the
proposed in 1973 by Patel and Hof[13].This method was founded traditional methods.

on Fourier’s series calculation of phase voltage of cascaded H-
bridge inverter. The main disadvantage of this method is that the
number of equations, the number of variables, and the order of
The equations increase as the number of inverters increase.

Section 4 explains the main differences between the simple
staircase modulations used in this paper and nearest level controls
(NLCs).
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2. CASCADED H-BRIDGE MULTILEVEL
INVERTER A

1.1 Cascaded H-Bridge with Equal DC Source

The circuit configuration of single-phase L levels CHB-MLI with 11
equal DC sources is shown in Fig. 2. The relationship between —|
levels of inverters and the number of cells (Single-phase H-
bridge) is given by:

L=(@C+1) 1)

where C is the number of H-bridge cells. The levels L of the
inverter are constantly odd numbers for the CHB-MLI [22, 23]. _|
The phase voltage of the CHB-MLI is:

Vo =Ver + Vg + Vg + -+ Ve 2

where Vcn is the output voltage of H-bridge cells. The voltage C1
levels of L inverters are in range

L—1 L—2 L—2
(= (5 Vaer = () Vae 0,0, (57) Ve,
(L;—l) Vdc)[24, 25]. For seven levels, the levels of the CHB-MLI
are(—3Vye, —2Vae, —Viae, 0, Vye, 2V, 3V4e).

The total number of devices (IGBT) used in the CHB-MLI per T
phase can be given by: 42

Ny = 2(L — 1) ®) -

Vi %} Voo

1.2 Cascaded H-Bridge with Unequal DC Source

The DC input sources of the CHB-MLI transistor cells were C
illustrated in Section 2.1 above are all equals. For a CHB-MLI
with an unequal DC source, the number of cells can be reduced Qj

by adding more DC sources for the power transistors cells. The '|'
last level of a cascaded H-bridge with an unequal DC source is 1

given by: -

The total number of devices (IGBT) used in a CHB-MLI with an

Vv
do C3
unequal DC source can be given by: T43 T —
23
New = 4C ®) _| 4\}

I
Moreover, the maximum output voltage of a CHB-MLI with an I
unequal DC source can be given by: I
I
3€-1
Vo,max = (T) Vac (6) C3 :
I
Table 1 summarizes the number of cells, number of levels, '|' T |
number of devices, and the maximum output voltage of a CHB- IN 3N '
MLI with unequal DC sources. Fig.3. shows four configurations —| —| }
of this type of CHB-MLI. +
Table 1. Summary of cascaded H-bridge inverter with unequal V | V
DC sources dc — CN
Number of Number of levels Number of Maximum output T4N T2 N -
cells available devices voltage _| _|
2 57,9 8 4V, \
3 79,11,...27 12 13V,
4 9.11,13,...,81 16 40V,, Cy \
o}
5 11,13,15,...,243 20 121V,

Fig. 2. Configuration of L levels of cascaded H-bridge inverter
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Fig.3. Per-phase configuration of CHB-MLI with unequal DC
sources
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3. SIMPLE STAIRCASE MODULATION
TECHNIQUE

The principle of the method used in this paper is shown in Fig.4
[26]. The inverter phase voltage is created by a seven-level
inverter.

V(volt)

4
Ny Lo
i R VA
N, |-
v, | |/ L LN\
2 ] K
Ve |- i i
w“ | |/ L L L LN\
2 ! H H |

I I I I > i)
6 0, 6 0, & 0

Fig.4. Simple staircase modulation of a seven-level inverter

The method’s algorithm relies on the fact that the inverter phase
voltage intersects with an original sinusoidal waveform at equal
points on the y-axis. It can be clearly seen from Fig. 4 that these

equal points are(%,Vdc,%,ZVdc,%dec). Thus angles 6,
to B4can be calculated by:

Vidc

. - 1
- = 3V, esin(8,) = 6; = sin™! (g) @)
Ve _ 3y, sin(6,) = 6, = sin™* (= 8
- - acSin(6;) = 6, = sin (5) (8)
SVac ) . _1 (5
zd = 3V,sin(63) = 6; = sin™! (g) 9)
94:ﬂ_93'95:ﬂ_92’96:ﬂ_91 (10)

In general, for any multilevel inverter, the angles between
intervals 0 to /2 can be given by:

. 2n+1
0 = sin?! ( )
n+1 p—
L-1

where n = 0,1,2,...M-1 , M = - and L is the level of the

inverter.The angles between intervals n/2 to m are calculated from
complementary angles similar to Equation 10.

(11)

4. NEAREST LEVEL CONTROL METHOD

The nearest level control (NLC) method is shown in Fig. 5. The
main difference between the simple staircase modulations
proposed in this paper and NLC is that a sinusoidal reference
voltage Vref is matched with the DC voltage levels of the inverter
in the NLC. The nearest level to the reference voltage is selected.
The output voltage V will be a staircase voltage with a minimum
possible error with respect to the reference voltage V'[27-32].
The nearest output voltage level V is calculated by:
V = Vyround(V*/Vy.) (12)

While in a simple staircase modulation the angles can be
calculated directly from Equation 11, and it does not need
comparison between the original sinusoidal and level voltage.
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Fig. 5. Nearest level selection (a) waveform synthesis and (b)
control diagram.

5. ILLUSTRATED EXAMPLES

In this paper, simple staircase modulation was applied to four
topologies of CHB-MLI with unequal DC sources shown in Fig.
4. In the seven-level circuit, the DC voltages for cell C; and cell
C; are Vg and 2V, respectively. The two inverter cells produce
seven voltages.

Levels(—3Vu., —2V40, —Vyer 0, Ve, 2Vae, 3V4. ). Table 2 illustrates
the relationship between the voltage level and their corresponding
states of transistor switches. The six angles of simple staircase
modulation are calculated using Equation10 and 11.

0, = sin"1(1/6) = 9.594068227"
0, = sin"*(1/2) = 30°

0, = sin"(5/6) = 56.44269024°
6, = m— 6, = 123.55730976"
s = m—6, = 150°

0, = m—0, = 170405931773

It is worth mentioning that all simulation examples are carried out
using the PSIM software program.

Fig.6 demonstrates the phase voltage and fast Fourier transform
(FFT) of a seven-level inverter with unequal DC sources. The
angle of the staircase modulation is based on the Fourier series for
CHB inverters because of its unique structure [33, 34].

Table 3 compares a simple staircase modulation and staircase
modulation, which was calculated by the Fourier’s series for a
CHB seven-level inverter. It can be seen from the table that the
simple staircase modulation has a better THD. On the other hand,
the simple staircase modulation can be used to calculate the
angles of a nine-level inverter with two cells, an eleven-level
inverter with three cells, and a twenty-seven-level inverter with
three cells as shown in Fig. 4 (b), (c), and (d), respectively.

Table 2 phase voltage and switching state of seven level inverter

State of switches Cell voltages Phase
voltage
Tll T31 T41 T21 T12 T32 T42 T22 Vcl VcZ Vph
0 0 1 1 0 0 1 1 0 0 0
1 0 0 1 0 0 1 1 Ve 0 Ve
0 0 r 1 1 0 0 1 0 2V e 2V e
1 0 0 1 1 0 0 1 Ve 2V 3Vie
0 0 1 1 1 0 0 1 0 2V e 2V e
1 0 0 1 0 0 1 1 Ve 0 Ve
0 0 1 1 0 0 1 1 0 0 0
0 1 1 0 0 0 1 1 Ve 0 - Ve
0 0 1 1 0 1 1 0 0 -2Vdc -2V
0 1 1 0 0 1 1 0 -Vie -2Vdc -3V
0 0 1 1 0 1 1 0 0 -2V -2V
0 1 1 0 0 0 1 1 Ve 0 Ve
0 0 1 1 0 0 1 1 0 0 0

All results are shown in Table 4. The THD of the nine-level
inverter with two cells, the eleven-level inverter with three cells,
and the twenty-seven-level inverter with three cells was
calculated using the PSIM software program.

Table 5 illustrates the relationship between the voltage level and
its corresponding states of transistor switches for a nine-level
inverter with unequal DC sources.

m

(@)
THD =12.23%
L] 10 w S ] L] 50
(b)
Fig. 6. (a) Phase voltage of seven level and original sinusoidal (b)
FFT of phase voltage

Table 3. Comparison between simple staircase and staircase
modulation based on Fourier’s series for seven-level inverter

Angle Simple staircase Staircase based on Fourier series
0, 9.594068227" 11.504°
0, 30° 28.717°
2 56.44269024° 57.106

THD 12.230855% 12.5%

Table 4. Angles and THD for level-9, level-11 and level-27 CHB
—MLI with unequal dc sources (all angles in degree unit)

0< 6, </mn/2 Level-9 Level-11 Level-27
6, 7.180755781 5.739170477 2.204227504
0, 22.02431284 17.45760312 6.625809565
05 38.68218745 30 11.0874892
6, 61.04497563  44.427004 15.61849828
05 - 64.15806724 20.25224674
B¢ - - 25.02899949
6, - - 30
Og - - 35.23441798
Oy - - 40.83221703
01, - - 46.9509202
0, - - 53.87107253
01, - - 62.2042275
013 - - 74.05763139
THD 0.3716042%  7.5855813% 3.0215694%
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Fig.7. shows the PSIM simulation of the phase voltage of the
nine-level, inverter with unequal DC sources. The phase voltage
of an eleven-level and twenty seven-level inverter will be
simulated in the same way using angles calculated in Table 4.

6. EXPERIMENTAL RESULTS

The practical implementation of a cascaded multilevel inverter
with staircase modulation requires designing of a circuit that can
produce gating signals for each level at accurate angles. Although
there are other methods to realize a staircase multilevel inverter,
the proposed method is based on calculating the accurate angles
for each level, making the implantation less complicated by
utilizing the high-speed processing capability and high timing
accuracy of the microcontroller.

Table 5. Phase voltage and switching state of nine level inverter

State of switches Cell voltages Phase
voltage
T | Tar | T | Tor | Tio | Tao | Tap | T Va Ve Von
0 0 1 1 0 0 1 1 0 0 0
1 0 0 1 0 0 1 1 Ve 0 Ve
0 1 1 0 1 0 0 1 -V 3Vie 2V e
0 0 1 1 1 0 0 1 0 3Vie 3Vie
1 0 0 1 1 0 0 1 Ve 3Vie AV
0 0 1 1 1 0 0 1 0 3Vie 3Vie
0 1 1 0 1 0 0 1 -Vie 3Vie 2V
1 0 0 1 0 0 1 1 Ve 0 Ve
0 0 1 1 0 0 1 1 0 0 0
0 1 1 0 0 0 1 1 -Vie 0 -Ve
1 0 0 1 0 1 1 0 Ve -3V -2V
0 0 1 1 0 1 1 0 0 -3V -3V
O 1 1 0 0 1 1 0 'Vdc '3Vdc '4Vdc
(@)
9@
» : THD = 9371%
n
[]
0 100 wm 300 40 500
Frequeny f2)
(b)
Fig. 7. (a) Phase voltage of 9-level and original sinusoidal (b)
FFT of phase voltage
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The nine-level CHB inverter with unequal DC sources was first
implemented with Proteus simulation software. Following that,
the circuit was realized with actual components as shown in Fig.
8.

Additionally, a microcontroller (PIC16F877A) was used to
produce the accurate gating signals at each calculated angle by
using the timer and interrupting modules of the microcontroller to
generate the gating signal at pre-calculated times related to the
calculated angles.

The MOSFT Driver (IR2112) was utilized to amplify or boost the
5V gating signal from the microcontroller to a level that is
required by the MOSFET power transistor.

The MOSFET Power transistor (IRF450) was also used as main
building block of the H-bridge inverter cells. DC power supply
was used to provide the required power of the circuit items. As
aforementioned, the microcontroller used micro C language. The
voltage phase of the experimental result of a nine-level CHBI is
shown in Fig. 9.

Fig. 8. Experimental prototype of a nine levels CHBI with
unequal DC sources
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Fig. 9. Voltage phase of experimental result of a nine level CHB
with unequal DC source

7. CONCLUSIONS

In this paper, a simple staircase modulation for multilevel
inverters was discussed and was applied to CHB-MLI with
unequal DC sources. The proposed simple staircase modulation
scheme avoided implementation complexities. All the switching
angles can be computed using the method proposed in this paper
to make implementation less complicated by utilizing the high-
speed processing capability and high timing accuracy of the
microcontroller. All IGBT of the inverter operates at the
fundamental frequency. This algorithm has been applied to seven,
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nine, eleven and twenty-seven-level CHB-MLI with an unequal
DC source. The output phase voltage of the inverters does not
contain the higher order harmonics and has a low THD. The main
difference between the algorithm proposed in this paper and the
nearest level control was discussed. In this paper, the
experimental results for a nine-level inverter with unequal DC
were matched with the computer simulation results.

REFERENCES

[1] J. Rodriguez, J.-S. Lai, and F. Z. Peng, "Multilevel inverters:
a survey of topologies, controls, and applications,” IEEE
Transactions on industrial electronics, vol. 49, no. 4, pp.
724-738, 2002.

M. Malinowski, K. Gopakumar, J. Rodriguez, and M. A.
Pérez, "A survey on cascaded multilevel inverters," IEEE
transactions on industrial electronics, vol. 57, no. 7, pp.
2197-2206, 2010.

N. Mittal, B. Singh, S. Singh, R. Dixit, and D. Kumar,
"Multilevel inverters: A literature survey on topologies and
control strategies,” in Power, Control and Embedded
Systems (ICPCES), 2012 2nd International Conference on,
2012: IEEE, pp. 1-11.

Y. Hinago and H. Koizumi, "A single-phase multilevel
inverter using switched series/parallel dc voltage sources,”
IEEE Transactions on Industrial Electronics, vol. 57, no. 8,
pp. 2643-2650, 2010.

R. Chaturvedi and P. Bansal, "A Series-Parallel Switched
Reduced Devices Multilevel dc-link Inverter Topology,"
International Journal of Science, Engineering and
Technology Research (IJSETR), vol. 3, no. 5, 2014.

[6] C. I. Odeh, "Cascaded half-full-bridge PWM multilevel
inverter configuration,” Turkish Journal of Electrical
Engineering & Computer Sciences, vol. 24, no. 4, pp. 2071-
2083, 2016.

I. Colak, E. Kabalci, and R. Bayindir, "Review of multilevel
voltage source inverter topologies and control schemes,"”
Energy Conversion and Management, vol. 52, no. 2, pp.
1114-1128, 2011.

O. H. Abdalla and M. Han, "Power electronics converters
for variable speed pump storage," International Journal of
Power Electronics and Drive Systems, vol. 3, no. 1, p. 74,
2013.

F. Blaabjerg, M. Liserre, and K. Ma, "Power electronics
converters for wind turbine systems," IEEE Transactions on
Industry Applications, vol. 48, no. 2, pp. 708-719, 2012.

B. Wu and M. Narimani, High-power converters and AC
drives. John Wiley & Sons, 2017.

Y.-M. Park, H.-S. Ryu, H.-W. Lee, M.-G. Jung, and S.-H.
Lee, "Design of a cascaded H-bridge multilevel inverter
based on power electronics building blocks and control for

[2]

[3]

[4]

[5]

[7]

[8]

[9]

[10]

[11]

high performance," Journal of Power Electronics, vol. 10, no.

3, pp. 262-269, 2010.

[12] O. H. Abdalla and M. Han, "Variable speed pumped storage
based on the use of H-bridge cascaded multilevel
converter,” in Power Electronics and Motion Control
Conference (IPEMC), 2012 7th International, 2012, vol. 1:
IEEE, pp. 402-405.

[13] H. S. Patel and R. G. Hoft, "Generalized techniques of
harmonic elimination and voltage control in thyristor

17

inverters: part 1l---voltage control techniques," IEEE
Transactions on Industry Applications, no. 5, pp. 666-673,
1974.

[14] D. Ahmadi and J. Wang, "Selective harmonic elimination
for multilevel inverters with unbalanced DC inputs," in 2009
IEEE Vehicle Power and Propulsion Conference, 2009:

|EEE, pp. 773-778.

J. N. Chiasson, L. M. Tolbert, K. J. McKenzie, and Z. Du,
"A unified approach to solving the harmonic elimination
equations in multilevel converters," IEEE Transactions on
power electronics, vol. 19, no. 2, pp. 478-490, 2004.

D. Ahmadi, K. Zou, C. Li, Y. Huang, and J. Wang, "A
universal selective harmonic elimination method for high-
power inverters,”" IEEE Transactions on power electronics,
vol. 26, no. 10, pp. 2743-2752, 2011.

[17] E. Guan, P. Song, M. Ye, and B. Wu, "Selective harmonic
elimination techniques for multilevel cascaded H-bridge
inverters,” in 2005 International Conference on Power
Electronics and Drives Systems, 2005, vol. 2. IEEE, pp.
1441-1446.

[15]

[16]

[18] J. Kumar, B. Das, and P. Agarwal, "Selective harmonic
elimination technique for a multilevel inverter,” space, vol.

1, p. 3, 2008.

A. Kavousi, B. Vahidi, R. Salehi, M. K. Bakhshizadeh, N.
Farokhnia, and S. H. Fathi, "Application of the bee
algorithm for selective harmonic elimination strategy in
multilevel inverters,” IEEE Transactions on power
electronics, vol. 27, no. 4, pp. 1689-1696, 2012.

J. Venugopal and G. M. Subarnan, "Hybrid Cascaded MLI
topology using Ternary Voltage Progression Technique with
Multicarrier Strategy," Journal of Electrical Engineering and
Technology, vol. 10, no. 4, pp. 1610-1620, 2015.

R. Seyezhai and B. Mathur, "Performance evaluation of
inverted sine PWM technique for an asymmetric cascaded
multilevel inverter,” Journal of Theoretical and Applied
Information Technology, vol. 9, no. 2, pp. 91-98, 2009.

K. N. V. Prasad, G. R. Kumar, T. V. Kiran, and G. S.
Narayana, "Comparison of different topologies of cascaded
H-Bridge multilevel inverter," in Computer Communication
and Informatics (ICCCI), 2013 International Conference on,
4-6 Jan. 2013 2013, pp. 1-6, doi:
10.1109/1CCC1.2013.6466135.

P. Cortes, A. Wilson, S. Kouro, J. Rodriguez, and H. Abu-
Rub, "Model Predictive Control of Multilevel Cascaded H-
Bridge Inverters," Industrial Electronics, IEEE Transactions
on, vol. 57, no. 8, pp. 2691-2699, 2010, doi:
10.1109/TI1E.2010.2041733.

N. Booma and N. Sridhar, "Nine level cascaded H-bridge
multilevel DC-link inverter,” in Emerging Trends in
Electrical and Computer Technology (ICETECT), 2011
International Conference on, 23-24 March 2011 2011, pp.
315-320, doi: 10.1109/ICETECT.2011.5760135.

Y. S. Lai and F. S. Shyu, "Topology for hybrid multilevel
inverter," Electric Power Applications, IEE Proceedings -,
vol. 149, no. 6, pp. 449-458, 2002, doi: 10.1049/ip-
epa:20020480.

A. A. Awad, O. H. Abdalla, H. Norallah, and M. I. Jibril,
"Series Parallel Cascaded H-Bridge Inverter Based on A
Simlpe Staircase Modulation " presented at the 2019

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]



Othman Hassan Abdalla et al. / UofKEJ Vol. 9 Issue 2, pp. 12- 18 (August 2019)

International Conference on Computer, Control, Electrical,
and Electronics Engineering (ICCCEEE), khartoum, Sudan
2019.

[27] T. V. Kiran and N. Babji, "Design of a novel cost effective
cascaded H-Bridge multilevel inverter topology,” in 2016
International ~ Conference on  Signal  Processing,
Communication, Power and Embedded System (SCOPES),
2016: IEEE, pp. 726-731.

[28] S. Kouro, R. Bernal, H. Miranda, C. A. Silva, and J.
Rodriguez, "High-performance torque and flux control for

multilevel inverter fed induction motors,” IEEE
Transactions on Power electronics, vol. 22, no. 6, pp. 2116-
2123, 2007.

[29] J. Kumar, "Performance analysis of H-Bridge multilevel
inverter using Selective Harmonic Elimination and Nearest
Level Control technique,” in Electrical, Electronics, Signals,
Communication and Optimization (EESCO), 2015
International Conference on, 2015: IEEE, pp. 1-5.

[30] P. M. Meshram and V. B. Borghate, "A simplified nearest
level control (NLC) voltage balancing method for modular
multilevel converter (MMC)," IEEE Transactions on Power
Electronics, vol. 30, no. 1, pp. 450-462, 2015.

[31] Y.-H. Park, D.-H. Kim, J.-H. Kim, and B.-M. Han, "A New
Scheme for Nearest Level Control with Average Switching
Frequency Reduction for Modular Multilevel Converters,"
Journal of Power Electronics, vol. 16, no. 2, pp. 522-531,
2016.

[32] J. Pereda and J. Dixon, "High-frequency link: a solution for
using only one DC source in asymmetric cascaded
multilevel inverters," IEEE Transactions on Industrial
Electronics, vol. 58, no. 9, pp. 3884-3892, 2011.

[33] L. M. Tolbert, F. Z. Peng, and T. G. Habetler, "Multilevel
converters for large electric drives,"” IEEE transactions on
industry applications, vol. 35, no. 1, pp. 36-44, 1999.

[34] R. Kieferndorf, G. Venkataramanan, and M. D. Manjrekar,
"A power electronic transformer (PET) fed nine-level H-
bridge inverter for large induction motor drives," in Industry
Applications Conference, 2000. Conference Record of the
2000 IEEE, 2000, vol. 4: IEEE, pp. 2489-2495.

18





