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ABSTRACT

This paper presents a tree growth optimization based control of a grid-tied dual-stage photovoltaic
system. The tree growth optimization has been employed for optimizing the proportional and integral
controller gains for direct current bus voltage (Vdc) regulation to have minimum variation during
dynamic conditions and to generate an accurate loss component of current (iLoss). The accurate iLoss,
further enhance the control’s performance by generating the accurate reference currents. The presented
system is simulated and analyzed in a MATLAB simulation environment under various dynamic
conditions, i.e., irradiation variation, unbalanced and abnormal grid voltage. The overall performance is
satisfactory as per IEEE 519 standards.
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1. INTRODUCTION

Worldwide, PhotoVoltaic (PV) installation is done at a humongous rate in both on-grid and
off-grid configuration [1]. Various Meta-heuristic Optimization Techniques (MOTs) are
implemented to improve the capability of grid-connected Renewable Energy Systems (RESs)
[2, 3]. The Direct Current (DC) bus voltage (Vdc) is crucial for the stability of the system
which is regulated by the conventional Proportional and Integral (PI) controller. For better
stability, PI controller gains are optimized with the Jaya algorithm [4], and salp swarm
optimization [5]. In [6], the comparison of Total Harmonics Distortion (THD) generated by
Genetic Algorithm (GA) and Particle Swarm Optimization (PSO) is presented. In [7],
Generalized Normal Distribution algorithm (GNDA), and in [8], Firefly Optimization Al-
gorithm (FOA) along with GA are implemented to achieve better Vdc stability. In [9],
comparison of Vdc stability and THD with Whale Optimization Algorithm (WOA), Ant Lion
Optimization (ALO), Moth Flame Optimization (MFO) and Grey Wolf Optimization
(GWO) is presented.

This paper presents the Tree Growth Optimization (TGO) technique [10] based Voltage
Source Converter (VSC) control of a grid-tied dual-stage PV system. The presented system
directly transfers the PV power to the grid in the absence of any local load. The main
contributions of the presented work are:

1. TGO regulated DC link delivers more stable Vdc with reduced variations during diverse
dynamic conditions, i.e., irradiation variation, abnormal and unbalanced grid voltage
conditions;

2. TGO regulated DC link generates accurate iLoss current, which further enhances the VSC
performance and improves the quality of power delivered to the grid.
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2. PROPOSED TOPOLOGY

Figure 1 shows a double-stage grid-connected PV system.
PV array is configured using Kyocera 200GT module, where
23 and 7 modules are connected in series and parallel to
provide PV voltage ðVPVÞ of 605V and PV current ðIPVÞ of
56 A. The boost converter, is controlled by the Incremental
Conductance (InC) based Maximum Power Point Tracking
(MPPT) algorithm. The three-phase VSC via interfacing
inductor, ripple filter and Alternating Current (AC) grid of
415V (r.m.s.) at 50Hz are connected to the Point of Com-
mon Coupling (PCC). The interfacing inductor and ripple
filter reduces the voltage and current ripples entering the
grid.

3. TREE GROWTH OPTIMIZATION

Like any other MOT, TGO is also executed in two phases
exploration and exploitation as it is shown in Fig. 2. The TGO
separates the trees into four groups as N1, N2, N3 and N4
[10]. The N1 trees group involves the better trees, which will
grow easily with accessible food and light. The N2 trees group
includes somewhat good trees, which compete with the N1
group for sunlight by approaching the nearest best tree at
different angles. The N3 trees groups belong to the worst
trees, which shows very little growth due to the scarcity of
food and sunlight and will be eliminated during the optimi-
zation process. The N4 trees group is the new population (1),
which replaces the deleted N3 group. The population gets
updated in every iterations (2), which reduces the local
minima stagnation chances and balances the exploration and
exploitation stage. TGO is initiated with a random population
of k 5 50 trees, decision variables as PI gains (i 5 2) and the

upper and lower bounds ðub ¼ 5; lb ¼ 0Þ, maximum itera-
tions as j 5 50,

N4 ¼ N1*N2þ N3; (1)

New pop ¼ New popþ N4: (2)

The fitness function of trees is calculated (3) in the
exploration phase, where Tkþ1

i is the tree fitness function, q

Fig. 1. Proposed topology
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Fig. 2. Flow chart of tree growth optimization
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is the tree reduction rate and r is the random variable be-
tween [0,1],

Tkþ1
i ¼ Tk

i

q
þ r3Tk

i ; for k ¼ 1; 2; 3 . . . ; 50; and i ¼ 1; 2:

(3)

The N2 tree group members have to move distance at
various angles for sufficient food and sunlight, which is di
calculated (4). The linear combination between trees is
developed by selecting the two solutions as x1 and x2 with
minimum distance di (5), where λ is the random variable
between [0,1] and y is the location of the best tree,
approached by N2 tree members,

di ¼
 XN1þN2

i¼1

�
Tk
N2 � Tk

i

�2!1=2

; di ¼
(

di if Tk
N2 ≠Tk

i ;

∞ if Tk
N2 ¼ Tk

i ;

(4)

y ¼ λx1 þ ð1� λÞx2: (5)

The new position of N2 tree members will be updated (6),
where ai is the angle at which N2 members extends towards
better food and sunlight. ai is also a random variables be-
tween [0,1],

Tk
N2 ¼ Tk

N2 þ aiy: (6)

The TGO delivers optimal gains of PI controller for DC
bus regulation after hitting the termination criteria.

4. PROPOSED CONTROLS

The proposed system is made functional by utilizing three
controls, i.e., InC based MPPT control, TGO based Vdc

control and VSC control.

4.1. Tree-growth optimized Vdc control

Figure 3 shows TGO regulated Vdc, where Vdc is sensed at the
DC bus and compared with the reference Vdc

Vref
dc ¼ 700V

� �
to generation of Integral Square Error (ISE)

as an objective function (7) to be minimized by the TGO and
deliver optimal gains [4],

ISE ¼
Z t

0

�
Vref
dc � Vdc

�2
¼
Z t

0
V2
err: (7)

4.2. VSC control

Figure 3 shows VSC control, which is simulated without
load, so the generated reference currents will be the function
of unit templates and overall weight signal ðWspÞ [7]. The
unit templates ðmPx; where x ¼ a; b; cÞ are generated as a
function of grid phase voltage ðvSx; x ¼ a; b; cÞ and voltage
magnitude ðVtÞ (8).

The WPV represents the PV power inserted in the grid is
calculated (9), where PV current ðIPVÞ, voltage ðVPVÞ and
power ðPPVÞ are delivered by the PV array.

The Wsp is calculated as a function of WPV and iLoss (10).
The optimized DC bus generates an accurate iLoss which will
produce better Wsp with reduced ripples, The reference
current (i*Sx; where x 5 a, b, c) for each phase are generated
(11). The error current signals are generated by comparing
iSabc and i*Sabc and delivered to the hysteresis current
controller for the VSC switching signals generation.

mpx ¼
vSx
Vt

¼ vSxffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2
3 v2Sa þ v2Sb þ v2Sc
� �q ; where x ¼ a; b; c; (8)

WPV ¼ 2
3
PPV
Vt

¼ 2
3
IPV*VPV

Vt
; (9)

Fig. 3. VSC and Vdc control
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Wsp ¼ iLoss �WPV ; (10)

i*Sx ¼ mpx$Wsp; where x ¼ a; b; c: (11)

5. RESULTS AND DISCUSSIONS

The proposed system is analyzed under steady-state and
various dynamic conditions in a MATLAB simulation
environment.

5.1. Steady-state analysis

Figure 4 shows the THD levels of vSabc and iSabc, which are
acceptable as per IEEE519 standard [11], and ensures better
power quality of the system.

5.2. Irradiation variation analysis

During irradiation change, solar irradiation level is reduced
from 1000Wm�2 to 600W m�2 and restored to 1000Wm�2.
Figure 5 shows the vSabc and iSabc are inexact phase opposition
as PV generated power is delivered to the grid (Pg). The iSabc
follows i*Sabc generated by the VSC control. The phase a of
compensator current ðiCaÞ is out of phase with iSabc as Pg is
being provided to the grid. The iCa magnitude changes with Pg

during irradiation change. The reactive power ðQgÞ require-
ment of the system is zero, which follows its reference
ðQ*

g ¼ 0Þ. On the DC side, the VPV remains at the desired

value of 605V as V*
PV with the help of a boost converter. The

IPV and PPV changes with the irradiation change as per their
reference values, i.e., I*PV and P*

PV. The Vdc is maintained at the
appropriate level of 700V as it is shown in Fig. 6.

5.3. Abnormal grid voltage analysis

Figure 7 shows grid voltage sag and swell of 20% is simu-
lated. The vSabc remains 1808 out of phase w.r.t. iSabc. The iSabc
magnitude increases with voltage sag and then reduces with
voltage swell and vice versa applies to iCa. The Pg initially
changes with the abnormal grid voltage but soon settles
down to its desired value. The Qg remains zero. Figure 8

Fig. 4. THD levels of a) vSa and b) iSa

Fig. 5. Irradiation variation analysis of vSabc; iSabc; iCa; Pg and Qg

Fig. 6. Irradiation variation analysis of VPV ; IPV ; PPV and Vdc

Fig. 7. Abnormal grid voltage analysis of vSabc, iSabc, iCa, Pg and Qg
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shows VPV, IPV and PPV remains unchanged as their refer-
ence values, i.e., V*

PV, I
*
PV and P*

PV. The Vdc is kept at the
required level of 700V.

5.4. Unbalanced grid voltage analysis

During grid voltage unbalancing, magnitude of the phase a
of the grid is reduced. The iSabc follows i*Sabc, with a small
mismatch in phase b and c currents. The Qg exchange with
the grid is kept around zero as Q*

g as it is shown in Fig. 9. On

the DC side, VPV, IPV and PPV follows V*
PV, I

*
PV and P*

PV.
Figure 10 shows Vdc is kept at 700V.

5.5. Tree-growth optimized DC bus analysis

The TGO based Vdc variations have significantly reduced
during the induced dynamic condition in a simulation
environment. The comparison of TGO, GA and manually

Fig. 8. Abnormal grid voltage analysis of VPV, IPV, PPV and Vdc

Fig. 9. Unbalanced grid voltage analysis of vSabc, iSabc, iCa, Pg and Qg

Fig. 10. Unbalanced grid voltage analysis of VPV, IPV, PPV and Vdc

Fig. 11. Tree-growth optimized DC bus voltage analysis

Fig. 12. Tree-growth optimized iLoss current analysis
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tuned Vdc is presented in Fig. 11. The optimized DC bus
produces an accurate iLoss current with reduced ripples
which enhances the operational capability of the VSC con-
trol and results in the generation of accurate weight signals
as it is shown in Fig. 12.

6. CONCLUSION

The performance of a grid-tied dual-stage PV system with tree
growth optimized VSC control has been presented. The TGO
delivers the optimal PI controller gains for DC bus regulation.
The TGO regulated DC bus voltage have reduced variations
during dynamic conditions in comparison with GA, as well as,
generates an accurate loss component of current which further
improves the VSC performance by generating precise refer-
ence currents. The presented system is observed under steady-
state, and diverse dynamic conditions, i.e., irradiation varia-
tion, unbalanced and abnormal grid voltage, and found per-
forming satisfactorily as per IEEE 519 standards.
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