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Abstract. This paper describes the detailed digital control of a 
Distribution Static Synchronous shunt Compensator (DSTATCOM) using 
a MATLAB embedded coder for compensation to be in command of 
Voltage Source Converter (VSC) input voltage, reactive power 
compensation and the power factor improvement of a secondary radial 
distribution system with a voltage rating of 11kV/415V and with a capacity 
of 750 kW. The model has been simulated and tested in 
MATLAB/Simulink using the Simscape tool block set version of 
MATLAB R2019a. The same is achieved using a 32-bit DSP 
TMS320F2812 controller programmed with CCS V 6.1 software and tested 
with MATLAB embedded coder generation using Texas Instrument C2000 
processors. Using this embedded code is developed and dumped into the 
CCS V 6.1. Real and Reactive power control (PQ) and Back Propagation 
Control Algorithm (BPCA) are the control methods. BPCA controller is 
based on the elementary extracted biased value of Reactive Power (Q) and 
Active Power (P) components of load currents. These current values are 
necessary for the reference source's current estimation. The reference 
source currents are estimated from the available source currents to generate 
firing pulses for the PQ and BPCA controllers. The real and reactive power 
controller is based on the transformation of synchronously rotating load 
currents in alpha and beta frames. The BPCA-based DSTATCOM is 
simulated for linear and non-linear load circumstances and that helps in 
restoring the power system networks sustainability.  

1 Introduction 

Reactive power control is significant today due to more non-linear loads being connected to 
Electrical Distribution System (EDS), so the system gets polluted due to the non-linear load 
on the load side [1-4]. The control of reactive power enables the system to get a better 
power factor (PF), which leads to a reduction in line current follow-on in proper 
consumption of the distribution transformer and reduced power bills. The complicated 
systems controlled using embedded coder are essential in the digital control design of any 
system. This can be achieved using MATLAB/Simulink and a CCS controller [5-8]. The 
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excessive reactive power demand and harmonics in the system due to non-linear and 
variable loads diminish the distribution system's real power flow (P) and hence the 
sustainability. To overcome these problems, in this paper, fast, acting voltage source 
converter (VSC) input voltage control and reactive power control algorithms are studied 
and finally analyzed. The best suitable control methodology is proposed to DSTATCOM 
for reactive power compensation. By these controllers, the DSTATCOM would generate 
under voltage or over voltage at PCC, this lead to lagging or leading power factor at the 
bus. To avoid problems connected with lagging and leading pf and minimized harmonics in 
the system. The power factor can be kept at the desired level regardless of the system 
terminal voltage. These loads can be grouped as resistive, inductive type and some 
harmonic injecting variable type of non-linear loads. This paper deals with two major types 
of controls, as mentioned above. 

The static synchronous compensator is connected parallel to a 3- phase load side, the 
connected source resistance and reactance, which are depicted in Fig. 1. The controller 
control performance depends upon the correctness of reactive power injection at the bus. 
The tuned values of the coupling reactor (Lf) are connected to the ac output of the voltage 
source converter. The controller injects the required amount of currents to control the 
reactive power at the bus. The rating of injecting current at the bus decides the rating of the 
VSC. The choice of VSC input voltages, rating of coupling capacitor value, and interfacing 
reactor value are vital for controlling the VSC converter as a DSTATCOM control mode. 

 

2 Control Philosophies of DSTATCOM 

The primary control calculation of DSTATCOM is to estimate the necessary reference 
current signals from input signals received from the field. These reference current signals, 
alongside related detected current signals, are utilized in PWM current regulators to drive 
gating PWM signals for turning on the IGBTs of the VSC utilized as a DSTATCOM. 
Appropriately reference current signals must be inferred to control DSTATCOM, and these 
signals likely utilize various control calculations [9, 11, 12]. Numerous DSTATCOM 
control calculations are accounted for in the writing. The DSTATCOM control techniques 
are divided into two major groups; the first group belongs to the primary control techniques 
and the second to the adaptive control techniques [13].  

2.1 Real and Reactive (PQ) 

In the PQ control technique, signals are sensed from the field, processed, and analyzed [13-
15]. The voltage signals of the a, b and c phases are represented as Vsa, Vsb & Vsc, 
respectively. The source currents are represented as isa, isb & isc. The input DC link 
capacitor voltage is VDC and three inverter currents of iir, iiy & iib. The obtained current 
and voltage signals are converted into 3-phase to 2-phase quantities; by using these signals, 
real power (ps) and reactive power (qs) is calculated [9-10]. The PQ controller, a MATLAB/ 
Simulink model, is shown in Fig. 2. The entire control power circuit of DSTATCOM is 
simulated in Simulink programming. The detailed real and reactive power flow equations 
and mathematical models are explained with vector diagrams and shown in Appendix-A. 

2.2 Simulink model of PQ control 

The source voltage and currents of the 3-phase system are represented as vsa, vsb, vsc and isa, 
isb , and isc, respectively. These voltage and currents are measured using ammeter and 
voltmeter measurement blocks in the Electrical/specialized power systems/ fundamental 
blocks/ measurements. The source's measured current and voltage signals are converted 
into equivalent - component values (i, i; v, v). These - component values 
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compute the useful power (ps) and reactive power (qs) supplied by the source to meet the 
load necessity. The mathematical relations used in the controller are given from Equation 1 
to Equation 7. Standard nomenclature has been adopted for the parameters of the system. 

 

 
Fig. 1. DSTATCOM simulated model in MATLAB. 
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The instantaneous 3-phase real power is calculated using Equations 4 and 5 
)4()]()[(3  iViVPS   

)5()]()()[(3 scscsbsbsasaS ivivivP   

The 3- phase instantaneous reactive power calculations are given in Equations 6 and 7. 
)6()]()[(3  iViVqS 

)7()]()()([
3

1
3 sasbscscsasbsbscsaS vvivvivviq   

To keep up the drawn source reactive power (qs) as zero, the PWM converter output 
current flows should be controlled so that the converter provides the required reactive 
power magnitude (qs) along these lines. For the unity power factor in the system, the source 
delivers zero reactive power to the load. 

, 010 (2023)E3S Web of Conferences

ICMPC 2023
https://doi.org/10.1051/e3sconf/20234300101010 430

3



 
Fig. 2. Block diagram of PQ/IRPT control 
 

In total compensation, the required reactive power (qs) provided by the supply is 
reduced from the reference value. The output error signal is supplied through a PI regulator 
block to obtain a reactive power signal, which is handled by the power to the current 
transformation block. This power-to-current transformation block needs real power and 
inverter voltages in - coordinates as contributions to compute the - component 
currents. In this, a self-controlled DC bus-fed converter is used. Consequently, the real 
power control signal (p*) will get from the VSC capacitor voltage regulator. The - 
segment currents from the power to current alteration block are fed to the 2-stage to 3-stage 
transformation block to get the 3-stage reference currents for the converter. The numerical 
relations for acquiring reference currents are given underneath. The current-regulated 
converter should generate these reference currents to maintain zero reactive power drawn 
from the source. To compensate for the reactive power in the system, the pulse width 
modulation approach is employed to provide the appropriate firing pulses. Fig. 2 depicts an 
IRPT control block diagram. 
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2.3 Hardware Model of PQ Control 

The 3-phase primary line voltages and currents are measured through CT's & PT's; these 
signals are converted into control-level signals by using Hall Effect sensors of potential 
transformers, current transformers and signal training cards. These current and voltage 
signals of the source are first converted into the equivalent of - component values of (i, 
i ; v, v). These - component values compute the real power/ useful power (ps) and 
reactive power (qs) supplied by the source to meet the load requirement. To keep the 
sustainable source delivered reactive power (qs) at zero, the PWM converter output currents 
should be regulated so that the converter supplies the reactive power of magnitude (qs). As 
a result, in the case of UPF at the source end, the source reactive power serves as the 
reference for the converter current control.  
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Digital signal processor (DSP) TMS320F2812 PGFQ board (LQFP-176) based control 
cards [6] and associated software have been used for phase conversions, reactive power and 
DC voltage control loops [8], [17-22], generation of reference current signals and some of 
the protections. Based on the current regulation scheme, analog and digital circuitry has 
been developed to produce PWM switching signals, delay in switching between top and 
bottom IGBTs and instantaneous current protection. The switching signals to the individual 
gate drives are transmitted through cables. 

2.4 Back Propagation Control Algorithm (BPCA) 

Fig. 3 depicts the backpropagation control algorithm block diagram. The weighted average 
values of the load real and reactive power current components can be used to determine 
reference source currents [16]. The phase a, b and c reference source currents are extracted 
using this controller. The point of common coupling voltages Vsa, Vsb, and Vsc, load and 
source currents (iLa, iLb, iLc, isa, isb, and isc,) and DC link voltage VDC are required in this 
backpropagation control technique is measured. This algorithm's primary modes of 
operation are feed-forward and reverse propagation errors. 

 
Fig. 3. Back Propagation Control Algorithm block diagram 
 

3 Experimental setup specifications 

The parameters listed below are utilized for both simulation and hardware modelling. The 
system has a capacity of 750 kW, and the incoming line is connected to two transformers of 
500 kVA and 250 kVA. The system's total reactive power demand is around 300 kVAr. 
Existing systems include two 150 kVAr PFC banks; a 30 kVAr DSTATCOM is proposed 
for additional power factor correction. (Based on existing 300 kVAr PFC banks); AC 
power source: 3-phase, 415 V line voltage, 50 Hz; Rs of 0.05 Ohm and Ls of 2.1 mH (these 
values are obtained from cable ratings); The linear and non-linear loads are chosen. An 
educational institute's diverse motor loads, UPS, fan, and lighting load; The voltage source 
converter has a rating of 30 kVA. The inverter switching frequency is set to 2.5 kHz; the 
VSC input reference is set to 700 V; the DC bus capacitance (Cdc) is set to 4700 µf @ 
450V; and the interfacing inductor (Lf) is set to 3.6395 mH. VSC bus voltage proportional 
and integral (PI) controller gains: kid is 0.9 and kpd is 3.1. 
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4 Simulation Results 

The system is modelled in this section as Control of DSTATCOM in PQ and BPCA with & 
without a fast-acting VSC PI controller. This part is examined the complete result analysis 
for various load circumstances without and with DSTATCOM for variable and fixed loads.  

4.1 Case (a) Without Controller 

In this section, the system is simulated without a controller with quarter, half, 3/4th, and full 
loads; the results of source current, active power, reactive power, and power factor are 
shown in Table 1. 

Table 1. Test system parameters without controller 

Type of load (RL) &  
Parameters 

1/4th LOAD 1/2 LOAD 3/4th  
LOAD 

FULL 
 LOAD 

source current (A) ( Is rms) 299.57 617.34 981.99 1357.90 

Active Power (P) (kW) 199.32 400.58 599.46 800.07 

Reactive Power (Q) (kVAr) 80.02 192.08 372.01 558.12 

Power Factor (PF) 0.9329 0.901 0.8519 0.8216 

 
Load variations of all four types of linear loads, switching at different time intervals 

using three-phase breakers, the base load are activated for the duration of the simulation, 
which is 2 seconds. Base load: 599.46 kW with a power factor of 0.8519. Load 1: 800.07 
kW, 558.12 kVAr, 0.8216 power factors lagging, 0.4 to one second of duration Load 2: 
400.58 kW, 192.08 kVAr, trailing power factor of 0.019, duration 0.7 to 1.2 seconds Load 
3: 199.32 kW, 80.02 kVAr, trailing power factor of 0.9329, and duration of 1.3 to 1.7 
seconds Fig. 4 depicts these variations. 

 
Fig. 4. Without controller real and reactive power of varying (step) load 
 

4.2 Case (b) With the controller 

The digital signal processor of the TMS320F2812 32-bit processor is used to execute the 
DSTATCOM controller, which is connected to a PC through a joint action group emulator 
and programmed using CCS V 6.1. The reactive power is calculated from the signals of 
current and voltage sensors using CCS programming. Using the previously mentioned 
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theories, such as PQ, the inverter stack should be fired, and the required amount of reactive 
power is injected into the bus to maintain the system power factor at unity. Fig.  5 depicts 
the Simulink model without a controller and a linear load. Fig. 6 depicts the whole 
hardware DSTATCOM model. 

 

 
Fig. 5. Simulink model of the system without a controller with linear load 

 

 
Fig. 6. Hardware model of PQ/IRPT control 

 
Compared to a primary proportional plus integral controller, a fast-acting proportional 

plus integral (PI) controller has a shorter rise time, higher stability and fewer ripples. The 
various load changes were considered when developing this upgraded PI controller. A 25% 
of the load has been considered for that and it is shown in Fig. 7. The response times for 
traditional PI controllers have 506.95 milliseconds, and those of fast-acting PI controllers 
have 195.12 milliseconds when two different DC link voltages are applied on the same load 
for PQ. Fig. 8 depicts reactive power injections at 75% and 100% load. Fig. 9 and 10 depict 
variable load reactive and real powers and fluctuations in the angle between current and 
voltage in phase ‘a’ with 50% and 25% load without a controller. Without a controller, the 
phase angle between current and voltage in phase ‘a’ and the PF of the various loads 
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indicated in Table II are clearly shown. Fig. 11 and Fig. 12 demonstrate the PF correction 
and zero phase angles between voltage and current waveforms. 
 

 
Fig. 7. A traditional and fast-acting PI controller  Fig. 8. Injections of réactive power at PCC for           
                                                                                            simulation of  3/4th  full load                       
                                                                                             

 
Fig. 9. After correction, BPCA real and reactive   Fig. 10. Phase ‘a’ Voltage and current waveforms    
              power on the bus                                                      

 
Fig. 11. Varying load power factor with Controller  Fig. 12. Phase ‘a’ voltage and current wave                         
                                                                                                 forms with BPCA Controller 

 
For non-linear load, the control of reactive power (Q), the load modelling and the PQ 
control are implemented in the CCS V6.1, and the DSP TMS 320 F2812 32-bit controller is 
used for control, the corresponding control firing pulses are observed in the GWINSTEK 2-
Channel oscilloscope as shown in Fig. 13.  
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Fig.13. Firing pulses observed at one of                 Fig. 14. Substation voltage and current waveform 
            instants in the oscilloscope 

 
The circuit depicted in Fig. 13 shows the firing pulses of the top and bottom 

switches of the first leg. The switches have a switching frequency of 1 kHz. Fig. 14. The 
substation voltage and current waveforms are shown for a load current of 98 A and a 
voltage of 236 V at an oscillation rate of 49.9 Hz. The detailed calculations are shown 
below. CT is 400/5 when connected to the 250 kVA transformer; the recorded peak voltage 
is 17.212 V and the primary current is computed as 

 

Power factors and correction time of different loading conditions with different 
controllers are shown in Table 2. 

 

Table 2. Simulation results with PQ & BPCA controllers 

Parameters Without 
Control 

PQ/IRPT BPCA 

 Quarter Load (200 kW) 

Source current ( RMS) 300 278.39 278.35 

Response period (ms) ------ 32 21 

Power Factor 0.93 0.9992 0.9996 

 Half load (400 kW) 

Source current ( RMS) 617.25 554.77 556.7 

Response period (ms) ---- 75 45.98 

Power Factor 0.9014 0.9992 0.9996 

                            3/4th load (600 kW) 

Source current ( RMS) 982.25 1193.84 1193.37 

Response period (ms) --- 58 43.99 

Power Factor 0.8526 0.9996 0.9999 

 Full  load (800 kW) 

Source current ( RMS) 1357.167 1112.89 1113 

Response period (ms) ---- 54 43.97 

Power Factor 0.8256 0.9998 0.9988 
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5 Conclusions 

In this paper, an 11kV/415V, 750 kW, 3-phase radial distribution system (RDS) was 
studied and the two DSTATCOM controllers were simulated in MATLAB/Simulink 
R2019a using embedded coder C2000 and successfully loaded the program in CCSV6.1 
and tested. The fast-acting VSC input voltage is controlled using a modified proportional 
and integral controller and has been implemented and executed successfully. For linear and 
non-linear loads, parameters examined for analysis contain supply current, coupling 
voltage, real power, response period (milliseconds), injected reactive power and power 
factor. Verifying these results, an actual hardware model is executed with real and reactive 
power theory in DSP TMS 320F2812 for non-linear load, and the power factor of a test 
system is kept near unity and maintaining the sustainability using DSTATCOM. SPWM is 
used to generate the VSC gate firing pulses. Thus the simulation and experimental results 
PQ controller response time for power factor correction to non-linear and liner load is 
slightly slower than the BPCA controller. 
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