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 In recent decades, “renewable energy sources” (RES) such as photovoltaic  

(PV) have been developed and enhanced to generate more power at the same 

panel area. Also, many researchers have developed many techniques to 

extract the maximum power from these panels at different operating 

conditions. This research presents a design for an upgraded adaptive 

hysteresis incremental conductance AHIC “maximum power point tracking” 

MPPT algorithm for photovoltaic systems. This MPPT improves the 

traditional IC approach by adaptive hysteresis control and directed memory. 

This MPPT   is engineered for photovoltaic PV systems functioning under 

variable environmental conditions. The suggested AHIC algorithm mitigates 

three significant drawbacks of the traditional IC method, namely persistent 

oscillations and sluggish responsiveness to variations in irradiance. The 

suggested enhancement involves the self-adjusting hysteresis band to attain 

the “maximum power point” MPP, fluctuating between 70% and 82% of the 

photovoltaic input power. The present study has devised a design for a 2kW 

photovoltaic system utilizing a "Zeta" converter to execute MPPT. The 

suggested MPPT algorithm and the complete system are implemented and 

simulated using MATLAB SIMULINK software. 
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1. INTRODUCTION  

         Renewable energy sources RES have emerged as a crucial complement to fossil fuels. RES such as wind, 

sun, and hydropower are the most prevalent and dependable forms of energy. Photovoltaic PV is a type of renewable 

energy source that converts solar radiation into electrical energy through PV panels. It is regarded as one of the most 

pristine energy sources because to its simplicity and operational efficacy. Given the intermittent availability of these 

renewable energy sources, optimizing photovoltaic system power has emerged as a critical priority for academics 

[4]. Various techniques have been employed for power optimization to enhance the electrical energy conversion 

from solar energy via a PV system, including the implementation of the "maximum power point tracking" MPPT 

concept [5-6].For enabling the system to operate   at the “Maximum Power Point” MPP, an MPPT controller or 

algorithm is typically required. A multitude of strategies and techniques have been devised and implemented by 

numerous researchers in this domain [7-8] The most famous MPPT algorithms are “perturb and observe (P&O)”, 

“Incremental conductance (IC)” [9], and many techniques that mainly depend on those algorithms, like Fuzzy logic, 

sliding mode control, neural networks, etc. The IC algorithm is working on the aim that the instantaneous and 

incremental conductance ( dI/dV= −IV) at MPP. This approach achieves the MPP more rapidly than the P&O 

algorithm [10]. Numerous researchers have contributed to the development and optimization of the MPPT 

algorithm. N. I. P. d. L. et al. [11] proposed a dynamic hysteretic P&O MPPT technique for a PV system utilizing a 

boost converter. The technique employed enhanced the efficacy of the P&O algorithm across various temperature 

fluctuations and solar radiation levels. Y. Goswami et al. [12] introduced a modified variable step size incremental 

conductance maximum power point tracking approach for photovoltaic systems. The predicted step size is 
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determined by the fractional change in power relative to the current. In [13], a Fuzzy logic-based Perturb and 

Observe method is employed for a MPPT stand-alone transformer-less system utilized for irrigation applications. A 

cascade boost converter is used and linked to a T-type five-level inverter to provide power to a single-phase motor. 

The PV system developed by H. El Ouardi et al. [14] employs a combination of the IC algorithm and hysteresis 

control. The IC algorithm facilitates the reach to the MPP. The hysteresis control enhance the precision of tracking 

of the MPP under diverse environmental circumstances. R. Torres et al. [15] devised a fixed-step MPPT algorithm 

for low-power solar systems. The design employed a full-bridge DC-AC converter to establish a single-stage 

system. The design is both simulated and practically executed. The study published in [16] introduced a swift 

response tracking MPPT technique utilizing a “model reference adaptive controller” MRAC derived from the MIT 

formula to identify the MPP without oscillations. Their proposed regulator is improved by using 2 algorithms: the 

1st algorithm is called “genetic algorithm” GA and the 2nd one is called whale optimization method. A Neuro-

Fuzzy Inference System (NFIS) generates the reference voltage. A. Asnil et al. [17] examined modifications to the 

IC algorithm aimed at enhancing its performance and mitigating oscillations around the MPP. Their proposed 

alterations to the IC method are implemented in two ways, accompanied by a comparison of their replies. Each of 

the preceding researchers discussed in this literature has implemented adjustments to their suggested MPPT 

algorithms, which are based on either the P&O or IC methods. The IC algorithm is commonly acknowledged to 

exhibit a more rapid response than the P&O method. This study presents an improved MPPT algorithm for 

photovoltaic systems, which is founded on the IC method and incorporates an adaptive hysteresis controller and 

directed memory to operate under varying dynamic and environmental conditions. The optimized MPPT algorithm 

is linked to an appropriate DC/DC converter to increase the performance of the PV system. The present study work 

is structured as follows: an introduction, suggested system, upgraded IC MPPT algorithm, results and discussions, 

and conclusions. 

2. System  Architecture 

The architecture of the proposed system consists of a PV solar panels and a “Zeta” converter. The details of each 

part are listed below: 

2.1 PV solar panels: 

The PV panels can be analyzed using semiconductor physics and electrical equations. The fundamentals of PV cells 

are modeled as a p-n junction diode that generates electrical energy when this junction is exposed to light. The total 

current that is generated by a solar cell is expressed by [18]: 

                  𝐼 =  𝐼𝐿 − 𝐼0 (𝑒
𝑞𝑉

𝑛𝑘𝑇 − 1) −  
𝑉+𝐼𝑅𝑠

𝑅𝑠ℎ
                                      (1) 

Where: 𝐼 is the solar cell output current, 𝐼𝐿 is a current is generated by the light (solar irradiance), 𝐼0 represents the 

diode reverse saturation current, q represents the electron charge, V represents the cell voltage, k represents 

Boltzmann’s constant, T represents the temperature in kelvin, and 𝑅𝑠 and 𝑅𝑠ℎ represents the series and shunt 

resistances in Ω. The electrical power is calculated by: 

                     𝑃 = 𝑉 × 𝐼                                                     (2) 

 and the Maximum Power Point (MPP) is obtained when: 

                                      
𝒅𝑷

𝒅𝑽
= 𝟎                                       (3) 

And the efficiency (𝜼) is measured by: 

                                 𝜼 =  
𝑷𝒎𝒂𝒙

𝑷𝒊
=  

𝑽𝒐𝒄×𝑰𝒔𝒄×𝑭𝑭

𝑮×𝑨
                              (4) 

Where: 𝑮 represents the solar radiation, 𝑨 is the cell area, 𝑰𝒔𝒄  𝐚𝐧𝐝 𝑽𝒐𝒄  are short circuit current and open 

circuit voltage respectively, and FF is the form factor. 

 

2.2 Zeta DC/DC converter 

The zeta converter is one kind of step up-step down DC/DC converters. It is considered non-inverting, continuous 

input current, and Fourth-order converter (2 capacitors and 2 inductors) [19-20]. The circuit of this converter is 

shown in Figure 1. 
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Figure 1.  Circuit diagram of DC/DC Zeta converter 

 

The voltage conversion ratio of this converter is: 

                                   
𝑉𝐿𝑜𝑎𝑑

𝑉𝑖
=  

𝐷

1−𝐷
                                    (5) 

Where D represents the duty cycle. The design equations are as stated below: 

The inductor ripple ∆ 𝐼𝐿  is 20% of 𝑡ℎ𝑒 𝑖𝑛𝑝𝑢𝑡 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝐼𝑖. Then the inductor 𝐿1 can be determined by: 

                                   𝐿1 =  
𝑉𝑖×𝐷

𝑓𝑠×∆𝐼𝐿1
                                     (6) 

Where  𝑓𝑠  represents the switching frequency in Hertz, Then the equation for 𝐿2 is: 

                                 𝐿2 =
𝑉𝐿𝑜𝑎𝑑×(1−𝐷)

𝑓𝑠 ×∆𝐼𝐿2
                                   (7) 

Also, 𝐶1 (intermediate capacitor), and 𝐶2 are expressed by: 

                                   𝐶1 ≥
𝐼𝑙𝑜𝑎𝑑×𝐷

𝑓𝑠 ×∆𝑉𝐶1
                                    (8) 

                                      𝐶2 ≥
𝐼𝑙𝑜𝑎𝑑×(1−𝐷)

8×𝑓𝑠 ×∆𝑉𝑙𝑎𝑜𝑑
                              (9) 

  

The proposed system is shown in fig. (2) below. 

 
Figure  2.  PV and Zeta converter with the Proposed AHIC MPPT algorithm 

 

3. The enhanced IC MPPT algorithm 

In this research, the proposed algorithm is known as an enhanced Adaptive Hysteresis Incremental Conductance 

(AHIC) MPPT algorithm. This algorithm is based on the normal Incremental Conductance (IC) algorithm. The 

mathematical foundation can be expressed as follows: 

For the decision of the duty cycle selection for MPP reaching then  

                               
𝑑𝐼

𝑑𝑉
+

𝐼

𝑉
= 0                                        (10) 

at MPP with (stay at the current duty cycle) 

                                
𝑑𝐼

𝑑𝑉
+

𝐼

𝑉
< 0                                       (11) 
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 Which is on the left-side to the MPP (increase current duty cycle) 

                                  
𝑑𝐼

𝑑𝑉
+

𝐼

𝑉
> 0                                      (12) 

Which is on the right-side to the MPP (decrease current duty cycle) 

For the changing in power calculations 

         ∆𝑃 = 𝑃(𝑛) − 𝑃(𝑛 − 1) =  V(n) × I(n)  −  V(n − 1) × I(n − 1)                    (13) 

 

then the normalized ratio of power is: 

                            𝒓𝒅𝑷 =
∆𝑷

𝐦𝐚𝐱(𝑷(𝒏−𝟏),𝟎.𝟏)
                                    (14) 

also, the adaptive Hysteresis Band is expressed by 

                        𝑯𝒃𝒂𝒏𝒅 (𝒏) = 𝟎. 𝟎𝟎𝟐 + 𝟎. 𝟎𝟏𝟖 (𝟏 − 𝒆−𝟏𝟎×𝒓𝒅𝑷)                     (15) 

where the following constants such as which 10 represents sigmoid steepness factor, 0.018 is the adjustable range 

(up to 2% total), 0.002 is  minimum band (0.2%), and 0.05 is the threshold for mid-band adjustment. 

The step size adaptation is formulated as: 

(𝑟𝑑𝑃 > 0.1)    For large changes then: 

              step size = min(0.05, 0.01 +  0.04 × 𝑟𝑑𝑃)                                (16) 

but, for small changes: 

                    step size = max(0.001, 0.01 −  0.009 ×
(0.1 − 𝒓𝒅𝑷)

0.1
)                   (17) 

 the directional memory is found by: 

If sign(conductance_ratio)  =  last_direction for accelerate then 

                             step size = min(0.05, step size × 1.2)                                               (18)  

but for decelerate then  

                       step size = max(0.001, step size × 0.8)                          (19) 

in the case of Anti-Windup Protection, so 

𝐈𝐟 (𝐏 <  𝟎. 𝟒 × 𝑷𝒎𝒂𝒙) 𝐀𝐍𝐃 (𝐃 <  𝟎. 𝟐 𝐎𝐑 𝐃 >  𝟎. 𝟖)   then: 

D = 0.5, step size = 0.02, and last direction = 0    

The algorithm tracking efficiency is: 

                      𝜼𝑴𝑷𝑷𝑻 =  
∫ 𝑷𝒂𝒄𝒕𝒖𝒂𝒍 𝒂𝒕

∫ 𝑷𝑴𝑷𝑷𝑻 𝒅𝒕
 × 𝟏𝟎𝟎%                                   (20) 

Fig. 3 shows the flow chart of the proposed AHIC algorithm. The hysteresis controller is utilized to rapidly improve 

the accuracy of the MPP tracking even at various fluctuations in weather conditions and very low oscillations around 

the MPP. The proposed AHIC algorithm overcomes three significant limitations in a MPPT which are steady-state 

oscillations, slow response to changes in irradiance, and   divergence during partial shading. Its key innovation is a  
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Figure. .3 The proposed AHIC algorithm flow chart 
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self-tuning hysteresis band that varies between 0.2% and 2% of the operating power. This band is adjusted in real-

time based on the rate of power change (dP/dt). The innovations of the AHIC algorithm are adaptive hysteresis, 

directional memory, and anti-windup protection while maintaining the core incremental conductance approach. 

4. Results and Discussion  

A  simulation of the proposed system is made by MATLAB SIMULINK software. The capacity of the designed 

system is 2 kW. 4 PV panels are connected as two in series and two in parallel to make a role as source to the used 

Zeta converter. The specifications of the entire system are listed in table 1 below.  

The system has been simulated in various operating conditions to examine the enhanced algorithm performance. 

Also, some of the results are compared with the traditional IC algorithm. 

 

Table 1. The specifications of the proposed system 

Item Specifications 

PV panel (2 in 

series ×2 in 

parallel) 

 

The 

specification 

of a single 

panel  

[21] 

Maximum Power 475 W 

Open Circuit Voltage 50.05 V 

Voltage at MPP 41.9 V 

Short Circuit Current 11.93 A 

Rated solar 

irradiation and 

Temperature 

1000 W/m2 at 25 0C 

Zeta converter C1 100 μF 

L1 20 μH 

L2 20 μH 

C2 100 μF 

Fs 25 kHz 

 

Fig. 4 presents the designed zeta converter's input power and output voltage.  In this figure, it is clear to observe that 

the stability and superiority of the AHIC algorithm than the normal IC algorithm. In the case of the input voltage, 

the system works well near the MPP which is 1.9 kW whereas in IC the system suffers from high oscillations around 

the MPP. In the case of the system load voltage, the same performance can be obtained when the AHIC is used, the 

output voltage has fewer fluctuations as compared to when the normal IC algorithm is used. To test the AHIC 

algorithm at various solar radiation values, a simulation is made when the temperature is set at 25 0C, and the 

system input power is observed at different solar radiations like (500, 750, 1000, and 600) W/m2 respectively. The 

results are shown in Fig. (5). For each solar corresponding radiation change, the recorded input power is (950, 1428, 

1895, and 1142) W respectively. The AHIC algorithm shows high stability and efficiency for the different changes 

in radiation. There is a fact that the temperature is not fixed all day long. So, to examine the AHIC algorithm 

performance for a dual change in temperature and solar radiation throughout the day. Another test is made which 

represents the different temperature and solar radiation changes that happened on the 20th of May/2024 in Iraq [22]. 

The test starts from 5:00 AM till 7:00 PM. Fig. (6) shows a bar chart of the input power concerning the temperature 

and solar radiation. In this figure, it can be seen that the highest input power occurs when the time is 12:00 PM 

where the solar radiation and the temperature conditions are 1050 W/m2 and 41 0C respectively where the input 

power is 1840 W. It is well known that the load can be varied as desired. The AHIC algorithm was tested under 

conditions of load switching. Specifically, the load resistance was switched from 100 Ω to 50 Ω when the simulation 

time exceeded 0.3 seconds, as illustrated in Figure (7). In this figure, it is evident that the AHIC response remains 

unaffected by any variations in input power, continuing to operate at the Maximum PowerPoint (MPP). However, 

the load voltage decreased from 420 V to 300 V. This reduction occurred because no adjustments were made to the 

load voltage; such control can be implemented later based on the system's requirements in the future.   
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Figure  4.  Input power and load voltage at both IC algorithm 

 

 
Figure 5.  Input power at the proposed AHIC algorithm at different solar radiation 

 

 
Figur. 6.  Effect of solar radiation and temperature change during a day in Iraq 
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Figure 7.  Effect of load change 

 

5. Conclusions 

In the present research, a design of an enhanced AHIC MPPT algorithm has been made. The performance of this 

algorithm is compared with a normal IC algorithm. Both algorithms are applied for solar PV systems to feed a zeta 

converter. The AHIC is applied at different environmental and operating circumstances like changes in solar 

radiation along with various temperature changes, and load switching. The proposed improvement lies in the self-

tuning hysteresis band to reach the MPP, which is changing between 70 % and 82% of the PV input power. Also, 

the AHIC is faster by 60 % than the IC algorithm. It can be concluded that the AHIC algorithm gives more precise 

performance with high efficiency than the normal IC algorithm. Due to its rapid response and high performance with 

load power fluctuations, the AHIC algorithm can be adapted as an MPPT technique for solar PV systems. 
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