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Applications of IBA for photovoltaic array under
partially shaded condition

Wu Zhonggiang®, Yu Danqi, Kang Xiaohua

Key Lab of Industrial Computer Control Engineering of Hebei Province, College of Electrical Engineering, Yanshan University,
Qinhuangdao, Hebei 066004, China

Abstract: In photovoltaic systems, the output power curve of solar battery has multiple peaks, under the partially
shaded condition. Traditional maximum power point tracking (MPPT) search method often traps in local extremum,
which causes the loss of the global maximum power point even generates oscillation and leads to instability of output.
An improved bat algorithm (IBA) is proposed and used to find global optimal point, by introducing chaos search
strategy in initial arrangement which can improve the uniformity and ergodicity. The self-adapting weight is intro-
duced to enhance the global searching ability of previous processing and the local searching ability of late
processing, and Levy flight is introduced in the same time to create the saltation velocity to jump out the local ex-
tremum. Dynamic contraction is also used to decrease the search section more effectively, so as to avoid premature
convergence of the population affected by the local extremum. The simulation shows that modified bat algorithm can
find the global optimal point fast, with high precision, under the partially shaded condition.

Keywords: photovoltaic array; maximum power point tracking; local extremum; improved bat algorithm; chaos
search strategy
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Fig. 2 The array diagram and power output curve under uniform illumination condition. (a) Uniform illumination conditions
of array; (b) Single peak P-U curve
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Fig. 3 The array diagram and two peak power output curve under partial shadow illumination condition. (a) Partial shadow
conditions of array; (b) Two peak P-U curve
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Fig. 4 The array diagram and three peak power output curve under partial shadow illumination condition. (a) Partial shadow

conditions of array; (b) Three peak P-U curve.
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Table 2 Conditions of algorithms
10
Ackley [-30, 30] 30 2 50 20
50
10
Rastrigin [-5.12, 5.12] 30 2 50 20
50
10
Schaffer F6 [-100, 100] 30 2 50 20
50
10
Rosenbrock [-2.048, 2.048] 30 2 50 20
50
A3 FoReyFARMRRNKE R
Table 3 The effort of algorithms
Ackley Rastrigin Schaffer F6 Rosenbrock
Qavebesl Qaveds tave/ S Qavebesl Qaveds tave/ S Qavebest Qaveds tave/ S Qavebesl Qaveds tave/ S
10 0.0012 0 0.0283 0.3553 0.3202 0.0125 -0.9149  0.0006 0.0275 0 0 0.0121
PSO 30 0.0002 0 0.0967 0.2986 0.208 0.0501 -0.9869 0.0001 0.095 0 0 0.0477
50 0.0001 0 0.0173 0.2985 0.3069 0.0986 -0.987 0.0001 0.1752 0 0 0.0957
10 19.7052 0.8723 0.0163 2.5702  0.8996 0.006 -0.6681  0.0217 0.0163  0.0003 0 0.0049
BA 30 6.8531 0.5988 0.0468 3.7291 0.5846 0.0137 -0.8987  0.0073 0.049  0.0001 0 0.0147
50 2.7509 0.8247 0.079 4.8305 0.5868 0.0247 -0.923 0.0001 0.0815 0 0 0.0221
10 0.0797 0.0082 0.0161 1.7355 0.9859 0.0114 -0.9569 0.0004 0.0238 0.2395 0.1757 0.0107
ABC 30 0.0126  0.0002 0.0358 0.2261 0.0818 0.0193  -0.9623 0.0008 0.052 0.061 0.0017 0.0213
50 0.0119  0.0001 0.055 0.1743 0.0595 0.0286 -0.968 0.0004 0.0827 0.0111 0.0001 0.036
10 0 0 0.0396 0 0 0.0189 -1 0 0.0369  0.0001 0 0.0165
IBA 30 0 0 0.1107 0 0 0.0585 -1 0 0.111 0 0 0.0499
50 0 0 0.2046 0 0 0.1052 -1 0 0.2004 0 0 0.1012
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Table 4 The effect of algorithms
Qavebest tavelS
P&O 364.9467 0.0034
PSO 365.4425  0.0273
20 50
BA 363.0174 0.0403
IBA 365.5899 0.0357

170711-8



DOI: 10.12086/0ee.2018.170711

BA
3W IBA
4 1w
IBA
4
P&0O BA PSO
IBA P&O BA
52 MWIEEHERNAERR
1000 W-m2 1000 W-m2 700 W-m? 3
272 W
8
5
275
o] Ko T
265 (-
§ 260
255
250
ot |[F-Pao
-~ PSO
240 —BA
28502 4 6 8 10 12 14 16 18 2c_|:HBA

t/s
A8 UL F =T ik &

Fig. 8 The compare curves of optimal power output with two peaks

&5 FiEECR
Table 5 The effect of algorithms

5 P&O PSO
Qavebest
252.6573 W 254.2823 W BA
1BA
P&O BA
5.3 ZIFEBRMITEMR
1000 W-m2 700 W-m? 500 W-m™ 4
189 W
9
6
190 - —
\\ // F
185 x
|
2 ’
L |

175 /\ ’\/ / 1
M Ve
170 &\/\@ | f—i—;io

-+ 1BA

65 . .

0 2 4 6 8 10 12 14 16 18 20
t/s

B9 =9 AEFRILE G A

Fig. 9 The compare curves of optimal power output with three peaks

A6 FiEak
Table 6 The effect of algorithms
Qavebest tave/ S
P&O 174.2537 0.0486

178.9537  0.7891

Qavebest tavelS PSO 20 50
P&O 252.6573  0.0077 BA 188.5719  0.8690
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Equivalent circuit diagram of single photovoltaic battery

Overview: The photovoltaic system is familiar to people as the new energy. Because Photovoltaic components consist
of silicon, it can be considered as a constant current source, with an anti parallel diode. And output voltage and output
current can be measured by instruments, and then output power can be calculated. When the sun light is balance, cha-
racteristic of the output of PV arrays is the same as one PV component. When under the partially shaded condition,
there are heat spots in PV arrays, which causes problems. Such as the output curve of solar battery will has multiple
peaks. Under the partially shaded condition, traditional MPPT search methods often trap in local extremum or lose the
maximum power point, and they have oscillation and instability. So intelligent algorithms are used to track the maxi-
mum power point to avoid the disadvantages that traditional methods have.

Many intelligent algorithms such as partial swarm optimization, genetic algorithm, fish algorithm and so on are used
to track the maximum power point. Bat algorithm is considered to track the maximum power point of PV output curves,
but there are many shortcomings in bat algorithm. So an improved bat algorithm is proposed and used to find global
optimal point, by introducing chaos search strategy in initial arrangement which can improve the uniformity and ergo-
dicity. The self-adapting weight is introduced to enhance the global searching ability of previous processing and the lo-
cal searching ability of late processing, and Levy flight is introduced in the same time to create the saltation velocity to
out of the local extremum and to jump out the local extremum. Dynamic contraction is also used to decrease the search
section more effectively, so as to avoid premature convergence of the population affected by the local extremum.

To proof the efficiency of the improved algorithm, IBA is compared with PSO, BA and ABC. Results show that all of
PSO, BA and ABC have disadvantages such as instability, large amplitude and easily to precocious, and optimization
mechanism of IBA algorithm can avoid trapping in local extremum and enhance the stability. To realize the tracking of
maximum power point of output curve, the improved algorithm is introduced into the Boost system, and simulation
results are shown as statistical data in charts. The simulation results show that modified bat algorithm can find the global
optimal point fast, with high precision, under the partially shaded condition.
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