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ABSTRACT 
In this article, we improved the control of the three phase multilevel inverter for a photovoltaic 
system connected to the grid, in order to minimize the total harmonic distortion of current. This 
topology being considered as a new converter topology applied to photovoltaic systems and has 
the advantage of very high-energy efficiency, but has the disadvantage linked to harmonics 
injected into the grid, which causes switching of states if the number of levels increases, which 
increases the rate of harmonic distortion. In this paper, an improved control based on sinusoidal 
control (SPWM) and space vector control (SVPWM) was proposed to improve the control of 
multilevel inverters. The simulation is based on MATLAB SIMULINK platform is presented 
for different multilevel inverter topologies with fewer switches and with different control 
methods and sinusoidal pulse. A detailed comparison of various Sinusoidal Pulse Width 
Modulation (SPWM) and vector control schemes (SVPWM) is presented in this article with 
reference to Total Harmonic Distortion (THD<5%) in the output voltage and current of the grid. 
This control strategy eliminates current harmonics and improves the quality of energy supplied 
to the grid by the photovoltaic system, and It can be seen that among all the control methods, 
the THD is minimum at the output of different multilevel inverter topologies. 
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INTRODCTION 
In recent years, the growing demand for electricity relative to the population and the inevitable 
future depletion of conventional sources necessitate the search for alternative sources, such as 
renewable energy photovoltaic systems [1].  This research has developed considerably and 
offers enormous potential, particularly for the conversion of electrical energy sources, of which 
photovoltaic is very profitable and maintenance-free, so the energy storage system is not 
necessary [2]. Power quality issues are a particular problem for these systems, as sources of 
harmonic distortion can represent a high proportion of the total or nonlinear loads (NLL) in 
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grid-injection systems [3]. This current leakage increases the total harmonic distortion (THD) 
of the current, system losses, and poses personnel safety risks [4]. These systems can be 
considered nonlinear, meaning they are highly complex and it is very difficult to find a model 
using conventional approaches. Renewable energy sources (RES) areconnected to the 
distribution grid or micro grid (MG) via an interface converter. Thus, the energy transfer 
process of the photovoltaic system is based on the importance of good price, small size, and 
high efficiency [5].  
The remaining problem is that the intensive use of non-linear loads has led to serious 
disturbances in the electrical ngrid, such as harmonics and unbalanced currents.  In this context, 
several solutions have been proposed. Among them, to improve converter efficiency and 
control, this research can primarily influence one of three aspects: firstly, the converter's 
structure; in this case, several specific inverter designs have been developed to connect a 
photovoltaic inverter to the distribution grid [6]. The second aspect is based on improving the 
technology and selecting its components, more precisely on the choice of semiconductors and 
filters. Finally, one can influence the modulation applied to the converter (Pulse Width 
Modulation). Two main modulation families are known: one based on direct current control 
(current control), and the other on indirect control through the control of a reference average 
voltage. [7] 
 This article focuses on improving the modulation applied to the converter with different 
structures. To this end, various types of inverters and control systems can be used to improve 
the performance of these devices in order to reduce grid pollution and optimize electricity costs. 
The harmonic distortion of current (THDi) [8], becomes very high if the current leakage is 
high , which causes losses of the grid and safety problems for personnel close to the latter [9]. 
Different types of full-bridge inverters [10], controlled by the sinusoidal control technique 
(SPWM) are used for the elimination of these current loss problems [11]. Therefore, multilevel 
converters have been considered a preferred topology for large powers due to their advantages 
such as high levels, overall efficiency, and high output waveform quality [12]. Against this 
background, we proposed three-phase and single-phase inverters [13]. These are no longer used 
to send pure sinusoidal current signals to the grid in phases [14]. To achieve these goals, the 
choice of these photovoltaic inverters is based on the equivalence between the reactive power 
supplied and the nominal power consumed by the grid, with the cost of these inverters[15]. It 
is expressed in terms of power related to the quality of the energy supplied to the grid [16]. 

Multilevel topologies have emerged to overcome the drawbacks that prevent the use of 
power converters in higher voltage and current applications [17]. Various multilevel converter 
topologies have been introduced, each of which has an important advantage that makes them 
more suitable for particular applications [18]. While the main multilevel topologies focus on 
the use of many semiconductor devices and main source DC circuits, later, many efforts have 
been made to optimize conventional multilevel structures [19], or to design a new optimized 
structure [20].  The optimization was a compromise between the number of output voltages, 
the number of active and passive devices, and the DC sources[21]. 

Generally, the switching techniques of multilevel converters are classified into high and 
low switching frequency methods [22]. Since the multilevel converter includes a considerable 
number of semiconductor devices, they can generate notable power losses, particularly in high 
power applications, if high switching frequency modulation techniques are used [23]. On the 
other hand, the low frequency modulation technique [24]should be optimized in an adaptable 
manner depending on the targeted application in order to improve the system efficiency and 
converter performance[25]. In this article, a study and improvement of the control of multilevel 
inverters and their modulation techniques. This command allows indirect control of the active 
and reactive powers injected into the grid. The PI controllers are implemented to adjust the grid 
currents in the synchronous frame. To generate the reference current and maintain synchronism 
between the inverter and the grid, a Phase-locked loop technique (PLL) can be used. The main 
advantage and objective of this method is to effectively compensate the harmonic current 
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content of the grid current. Multilevel converters provide higher quality waveforms, reducing 
current and voltage ripple after reducing losses caused by high frequency harmonics. Less 
expensive and less bulky passive components are used, which is to reduce manufacturing costs, 
gain in efficiency, reliability and energy quality. 

The main objective is to address, in terms of cost, efficiency, power management and power 
quality, the problems found with   classic three phase photovoltaic inverter.  After comparing 
the results of the two system, we notice that the current THDi of the interlaced inverter is lower 
than that obtained with the classical inverter. The effectiveness of these techniques proposed 
in this article is demonstrated by the simulation results using the MATLAB / SIMULINK 
environment. 

THREE PHASE MULTI-LEVEL INVERTER MODELING AND CONTROL 
METHOD 

Description of our research system. 
The shape of the proposed three-phase photovoltaic inverter is proven in Fig.1. It includes 

a PV generator as a energy source, an MPPT block to make certain the tracking of the MPPT, 
a transistor bridge which include a current converter provided through the PV generator and on 
the cease a clear out to put off harmonics at excessive frequencies. 

 
Figure .1 Diagrams of the proposed photovoltaic inverter with the grid 

Three-phase multi-level inverter structure. 
Cascading H-Bridge structure. Cascading H-Bridge seven-level inverter, are obtained by 

connecting two or more single-phase HBridge inverters, each consisting of four switches, in 
series. Which gives multiple voltage levels at the inverter. Thus, to obtain a seven-level voltage, 
this inverter consists of 3 H-bridges in series, i.e. 12 switches and a maximum output voltage 
of 3Vdc. Figure 1(a) shows the CHB seven-level for one phase. 

 
(a) 
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(b) 

Figure 1. (a) Seven-level CHB inverter (one phase); (b) 𝑃𝑃𝑃𝑃 Grid-Connected multi-level Interlaced 
inverter (one phase) 

 
Interlaced inverter structure. Figure2 (b) shows the proposed architecture of the system 𝑃𝑃𝑃𝑃 

connected to the power grid using an interlaced inverter (q =4). Our system is consist of a voltage 
source 𝑉𝑉𝑉𝑉𝑉𝑉, an interlaced inverter, a filter and the grid. In our case study, The 𝑞𝑞 = 4 inductors 𝐿𝐿1 represent 
the filter inductances on the inverter side. From the figure 3, we will note that the quantities, 
𝑉𝑉𝑉𝑉0𝑗𝑗 is the voltage vector of cells, 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 is the voltage vector on the inverter side, 𝑉𝑉𝑉𝑉2 is the 
voltage vector of the grid, 𝑗𝑗 is the vector of the current flowing through the cells of switching 
of the inverter. 𝑞𝑞 the number of cells, 𝑖𝑖𝑖𝑖𝑖𝑖 is the current through the capacitor; 𝑖𝑖𝑗𝑗1 and 𝑖𝑖𝑖𝑖2 are the 
output currents on the inverter and grid. The subscript 𝑗𝑗 denotes the number of the phase (𝑗𝑗 = 
1, 2, 3) while 𝑖𝑖 denotes the row of interlaced cells of a phase 𝑗𝑗 (𝑖𝑖 = 1, 2...𝑞𝑞). The inverter is 
controlled by open loop and closed-loop pulse width modulation (𝑀𝑀𝑀𝑀𝑀𝑀). The diagram of the 
control command of the inverter is shown in Figure. 3. The control of the three arms is obtained 
by comparing a modulating sine wave (𝑉𝑉𝑉𝑉∗; 𝑗𝑗 = 1,2, 3) of frequency 𝑓𝑓 = 50Hz with 𝑞𝑞 high 
frequency triangular carrier waves (𝑓𝑓𝑓𝑓𝑓𝑓 = 20 kHz). The 𝑞𝑞 carriers are offset by 𝑇𝑇𝑇𝑇𝑇𝑇/𝑞𝑞 (𝑇𝑇𝑇𝑇𝑇𝑇 
being the switching period) and the three-reference sinusoidal voltages 𝑉𝑉𝑉𝑉∗ are phase-shifted 
by 2𝜋𝜋/3. The two switches of the same switching cell are complementary 𝐾𝐾𝐾𝐾 = 𝐾𝐾𝐾𝐾 ̅̅′̅̅ ̅(𝑖𝑖 = 1, 2, 
3...). In this part, we add a balancing loop to the previous command. This control contains two 
current regulation loops: an external loop for controlling the output current and a loop internal 
for cell current balancing (Fig.4). 

Seven-level packed U-Cell inverter structure. The three-hase seven-level MPUC inverter is 
shown in Figure 3. The PUC type multilevel inverter delivers high range of power quality using 
a small number of active and passive components. This topology comprises a set of arms with 
two switches and a capacitor. If we have a converter of n arms, the latter will be composed of 
2n switches and n-1 with 2n-1 levels. Thus, our seven-level converter composed of six switches 
and two capacitors per phase, on the other hand that of a cascade multi-level inverter consists 
of 12 switches per phase.   

Figure 3. Three phase seven-level packed U-Cell Inverter 
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It can be noticed that the PUC inverter are only two redundant switching states for the zero-
voltage vector and the remaining six states give a unique voltage level at the output. Depending 
on the voltage and current polarities, the cell capacitors are charged, discharged or bypassed. 
The PUC-cell inverter has the most minimum number of components compared to the various 
other structures of multilevel converters. 

Control method 

 
Figure 4. Block illustration of the proposed control system 

Mathematical model 
The reference currents in the dq axis, I*d and I*q, can be obtained from the following 

relationships: 

                                       With       (I * q = 0) 

 
 
 

 
  
  
 
 
 
 
 
 
 

Current harmonic control and compensation unit 
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𝑉𝑉𝑑𝑑

(𝑘𝑘𝑝𝑝(𝑃𝑃𝑖𝑖𝑖𝑖 − 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜) + 𝐾𝐾𝐼𝐼 ∫(𝑃𝑃𝑖𝑖𝑖𝑖 − 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜)𝑑𝑑𝑑𝑑)  

𝑽𝑽𝒅𝒅∗ = 𝒌𝒌𝒑𝒑(𝑰𝑰∗𝒅𝒅 − 𝑰𝑰𝒒𝒒) + 𝑲𝑲𝑰𝑰 �
�(𝑰𝑰∗𝒅𝒅 − 𝑰𝑰𝒒𝒒�𝒅𝒅𝒅𝒅
−𝝎𝝎𝑳𝑳𝒇𝒇𝑰𝑰𝒅𝒅 + 𝑽𝑽𝒅𝒅

𝑽𝑽𝒒𝒒∗ = 𝒌𝒌𝒑𝒑(𝑰𝑰∗𝒒𝒒 − 𝑰𝑰𝒒𝒒) + 𝑲𝑲𝑰𝑰 �
�(𝑰𝑰∗𝒒𝒒 − 𝑰𝑰𝒒𝒒�𝒅𝒅𝒅𝒅
−𝝎𝝎𝑳𝑳𝒇𝒇𝑰𝑰𝒒𝒒 + 𝑽𝑽𝒅𝒅
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Figure 5. Current harmonic control and compensation unit 

Regarding the current harmonic compensation control unit, the input parameters are given by 
the following equation: Ud, Uq, and U0. La moyenne de id et iq donne les composantes id et 
iq : 

 
 
 
 
 
 
 
 
 
 
 
 

Distorted currents             
 
 
 
 

 
 
 
  
 
 
 

 
        The control variables then become continuous values; therefore, filtering and control can 
be easily implemented. This method is only applicable to three-phase systems. Since the 
harmonic current compensation controller processes direct current quantities, its control unit is 
completely stable. The extracted reference signal is then used to trigger the grid output 
controller, which will allow the inverter to introduce the desired compensation current into the 
system. 
      The PQ current control unit (Figure 5). In this part, we directly control the output current 
into the load, being identical to the sum of the currents of the cells. The current loop generates 
the reference voltages 𝑈𝑈𝑈𝑈 ∗ and 𝑈𝑈𝑈𝑈 ∗ which are transformed in reverse Park to obtain three 
sinusoidal voltages in the reference abc. 

The transfer function of our system is given by the matrix equation in coordinate’s dq: 

With 
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                             𝐺𝐺𝑃𝑃𝑃𝑃
(𝑑𝑑𝑑𝑑)(𝑠𝑠) =  �

𝐾𝐾𝑝𝑝 + 𝐾𝐾𝑖𝑖
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�                                             (3) 

PR Regulator. The Proportional Resonant Regulator for the current is given by the following 
expression:                                       

                             GPR(s) = KP + KI 𝑆𝑆
𝑆𝑆2+⍵02

                                                                                             (4) 
Wherever KP and KI succinctly represent the proportional gain and the integral gain. 
 
Instantaneous reactive power (IRPT). Instantaneous reactive power theory (IRPT) based 

control of filter, is designed to work with balanced load currents and balanced as well as 
undistorted supply voltages. The IRP theory, initially proposed by H. Akagi to regulate active 
filters [5], relies on a set of instantaneous powers fixed in the time domain. This p-q approach 
is valid for operation under all conditions namely transient and steady-state operation. This 
theory makes use of some famous transformation models like Clarke’s Transformation. Here 
the voltage and current waveforms are sensed and then made to transform from a-b-c 
coordinates to 𝛼𝛼 − 𝛽𝛽 − 0 co-ordinates also known as the Clarke transformation ( figure 6). After 
this transformation, based on a certain set of equations calculate active and reactive power and 
then eliminate the power components having harmonics in it by passing through a certain 
suitable low pass filter of suitable frequency. This can be overcome by individually pre-
processing the supply voltages and load currents through the symmetrical sinusoidal integrator 
for the extraction of the respective positive sequence fundamental components, which can be 
further processed by the IRPT for the reference current generation. 

 
Figure 6. Block diagram of IRP based control algorithm 

Transport Delay Based PLL structure. The principle of PLL is to use a PI controller to reduce 
the phase difference between the line phase angle and the voltage output phase angle to zero 
(Figure 7). 

 
Figure 7. Phase locked loop algorithm 
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Table 1. Simulation Parameters  

PV Power 500W 
Vd 80V 

Imin 1A 
fg 50Hz 

fpwm 10KHz 
 

SIMULATION RESULTS 
After recalling the operating principle of the SPWM and SVPWM command, we will model 

it under the environment of the MATLAB / SIMULINK software 

Cascading H-Bridge Seven-Level inverter 
Sinusoidal Pulse with modulation control (SPWM).  

Figure8. FFT spectrum current and voltage by the SPWM control 

Space vector pulse with modulation control (SVPWM). 

 
Figure 9. FFT spectrum current and voltage by the SVPWM control 

By applying the same control strategy presented previously , the PWM method is used to 
generate voltage signals at the output of the inverter. This control method is based on the indirect 
control of active and reactive currents injected into the grid.  
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With the SPWM control strategy and from the FFT analysis shown in figure 8, it was possible 
to see that the total THD of this topology is better and equal to THDi=0.59% and THDv=1.75% 
for the current and the voltage respectively. With this SPWM control strategy, the THD of the 
seven levels topology is less than that of the value obtained by an open-loop control, and all the 
harmonics of high frequencies, disappeared after application of the sinusoidal command, therefore 
the SPWM control strategy allows us to obtain a purely sinusoidal signal in the grid. 

In the second figure 9, the total harmonic distortion observed for the space vector control is 
THDi=0.26% and THDv=0.18%. The all harmonics are eliminated, using the SVPWM control, 
providing a reduction in harmonics present at the output of the multi-level inverter.  

The benefits of this control were confirmed by the reduced harmonic distortion, as well as the 
quality of the current and voltage signal at the output of this inverter into the grid. 

Seven-level three-phase inverter (interlaced inverter q = 4): 
 Figure 10. Grid current and voltage FFT spectrums before filtering 

Figure 11. Grid current and voltage FFT spectrums after filtering:  (a) by the SPWM control ; (b) 
by the SVPWM control 

For the seven-level interleaved inverter, each phase of the inverter is composed of q=4 arms. 
The control of the three arms is obtained by comparing a modulating sine wave with q triangular 
carrier waves. In this part, we add a balancing loop to the previous command. This control contains 
two current regulation loops: an external loop for controlling the output current and a loop internal 
for cell current balancing. 

Before compensation, the current and voltage spectrum obtained in figure.10, the one-shaped 
output signals are not purely sinusoidal because of the harmonics of currents and voltage. After 
compensation, The waveforms of  the current and voltage in figure 11 (a) and (b), are almost 
sinusoidal and identical. We can notice the difference between FFT spectrums before and after 
filtering, such as, after filtering is perfectly sinusoidal while that before filtering is not. The Toral 
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Harmonic Distortion of current and voltage are respectively THDi = 0.28% and THDv = 0.30% 
for the 50 first harmonics, unlike the indicators of 𝑇𝑇𝑇𝑇𝑇𝑇 obtained by the system before filtering 
(4.66% and 2.59%), the indicators 𝑇𝑇𝑇𝑇𝑇𝑇 of the system using an interlace inverter after filtering are 
much better. This shows that the 𝑇𝑇𝑇𝑇𝑇𝑇 indicators of the system using an interlaced inverter are 
much better than those obtained with the conventional inverter. Therefore, by comparing the 
results from the spectral analysis, it could be seen that the total THD of the multi-level three-phase 
interlaced inverter topology is lower than in the two-level three-phase photovoltaic inverter 
typologies. Thus, we were able to ob-serve a clear improvement in the transient regime and the 
waveforms in the case of the interlaced inverter system compared to the classic system. 

Closed-loop control : PUC Seven-Level inverter 

Sinusoidal Pulse with modulation control.  

Figure 12.  FFT spectrum current and voltage by the SPWM control 

Space vector pulse with modulation control (SVPWM). 
 

 

 

 

 

 

 

 

Figure 13. FFT spectrum current and voltage by the SVPWM control 

To generate the control reference voltage of the multi-level PUC inverter, this voltage is a 
sinusoidal waveform based on pulse control with modulation; This reference voltage can be 
subdivided into six positive and negative intervals after comparison with six triangular signals. 
Our control method allows indirect control of the active and reactive current delivered in the grid.  

An SPWM control simulation of a three-phase seven-level PUC inverter is evaluated for 
nonlinear overload and the above spectrum is shown the figure 12.  The results obtained in closed 
loop make it possible to produce a purely sinusoidal current and voltage, is illustrated in the figure 
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12 with a THD of 0% for the current and the voltage successively. The load voltages are equal to 
the reference value, and in phase with the current, with a zero THD (<<<5%). 

After application of Vector Pulse Width Modulation (SVPWM), the results obtained by this 
method is identical to Sinusoidal Control (SPWM), with one difference that, Spatial Vector PWM 
is a digital modulation method that has previously been used to generate levels of voltage 2N+1.  
However, not suitable for high power applications, due to the complexity of vector calculations 
and associated times. It requires two reference voltages for the upper and lower arms. The 
waveforms and the THD spectrum for the SVPWM control strategy are shown in figure 13. That 
the current and voltage waveform are purely sinusoidal after applying the SVPWM command. 
The THD of current and voltage at seven levels is measured at 0.0% respectively. From the 
simulation results with two control strategies, it is concluded that with the multi-level PUC 
inverter, the harmonic distortion is less after applying SPWM and SVPWM control.  In addition 
to this, it also has a reduced number of components, which has made it possible to completely 
improve the conduction losses and the current losses injected into the grid, and finally to have the 
highest output voltage; 

 
Table 21.  Comparison of THD for different controls of the three-phase Seven-Level inverter. 

Structure Control strategy THDi THDv 
Three-Phase seven 

level interlaced inverter 
Closed-loop :  SPWM Control 0.28 % 0.30 % 

Closed-loop :  SVPWM Control 0.14 % 0.03 % 
Three-Phase Seven-
level CHB Inverter 

Closed-loop :  SPWM Control 0.59 % 1.75 % 
Closed-loop :  SVPWM Control 0.26 % 0.18 % 

Three-Phase Seven-
level PUC Inverter 

Open-loop seven-level inverter Control 16.48 %   16.48 % 

Closed-loop :  SPWM Control 0.0 % 0.0 % 
Closed-loop :  SVPWM Control 0.0 % 0.0 % 

From the simulation results with two-control strategies table 2, it is concluded that with the 
multi-level PUC inverter has less harmonic distortion after applied of SPWM and SVPWM 
control the grid have been completely improved, and finally has the highest output voltage 
compared to the interleaved and CHB topology. In addition to this, it also has a reduced number 
of components, so lower conduction losses and the losses of current injected into the grid, and 
finally to have the highest output voltage; 

EXPERIMENTL RESUTS 
In this section, we present an experimental study on a test bench within the laboratory 

(GEM). The objective of this study is to validate the proposed control principle to improve the 
quality of the current injected by the three-phase inverter into the grid. 

Test bench (LPGEM Laboratory): 
In the first part of this section, we present the various pieces of equipment that make up our 

test bench (three-phase load, voltage inverter, DSP board, etc.), illustrating the technical 
specifications for each piece of equipment. The second part of this chapter will be devoted to 
the results obtained from the experimental tests. 
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Figure 14   Three-phase voltage inverter     CLP1104DSP    Electronic galvanic isolation board 

Current and voltage at the load terminals after connection of a three-phase inverter: 
In this section, we present the results of SPWM and SVPWM control of the output current and 
voltage, as well as the current and voltage harmonic distortion, for connecting a three-phase 
inverter to the grid, both with and without compensation. We also present the DC bus voltage 
of the inverter used to inject the current. The experimental results are obtained from the 
waveforms of the voltages and currents injected by the three-phase inverter into the grid. 
 

 
  Figures 15.C/V without  compensation                               Figures 16.C/V with  compensation     
 
The Figures.15a  and 15b show the current and voltage harmonic distortion rates for the three-
phase inverter controlled by SPWM and SVPWM without compensation. We observe that the 
current and voltage harmonic distortion rates exceed the limit set by the standards (5%); 
The Figures 16.a and 16.b show the current and voltage harmonic distortion rates for the three-
phase inverter controlled by SPWM and SVPWM with compensation. We observe that the 
current and voltage harmonic distortion rates remain within acceptable limits (<5%); 
The tests performed show that the experimental results converge with those obtained in 
simulation. Based on these results, we found that the current injection technique based on 
sinusoidal and vector control provides better performance in harmonic rate compensation 
within the standards, regardless of changes in load power, which allowed us to achieve the 
objectives of this regulation. 

CONCLUSION 
This article; is a contribution towards the improvement the control of the three-phase Multi-

level photovoltaic inverter, with a new control strategy, by the sinusoidal (SPWM) and space 
vector (SVPWM)  control for a nonlinear load. The comparison of the results of two controls 
applied to the three-phase photovoltaic inverter at seven levels shows an effective reduction of 
the THD (<<5%) by the vector control (SVPWM) compared to that of the sinusoidal control 
(SPWM), with better quality of the current and the voltage injected into the grid by the two 
control strategies. And our findings suggest that the PUC topology offers several advantages 
compared to the interleaved and CHB topology, such as the low THD , the reduced number of 
components, and the highest output voltage which makes it possible to obtain better 
performance and a low manufacturing cost. The proposed control scheme presents a simple 
control structure with satisfactory operating performances that are comparable with those 
reported with control structures for two level topologies We result that this control method 
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respond, in terms of cost and energy efficiency, to the problems encountered with the 
photovoltaic inverter, and effectively compensates the harmonics current injected in the grid.  
after validation of the experimental results for a two-level three-phase system, the 
implementation of these simulation results for multi-level three-phase inverters in a complete 
system is the subject of the next step which allowed us to verify the reliability of these results 
and achieve the objectives of this regulation. 
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