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Abstract: Power ramp capability of a Photo Voltaic (PV) system is generally described by the number of
fluctuations the system can withstand without spiking or sagging the output supply. This usually happens when
there are sudden changes in input parameters of the system, due to which the PV cell's continuity is disturbed,
and thereby there are ripple changes in the output power for the system. These outputs must be smoothened so
that they do not cause ramp like behaviours in the system's outputs. In this paper we propose a novel Maximum
Power Point Tracking (MPPT) based ramp control technique which uses Proportional Integral (PI) control for
keeping a check on the output power. We compared the obtained results with the standard PV systems and
found that the proposed system improves the ramp capabilities by more than 10%, and thus makes the output
usable for the load grids.
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I.  Introduction

Sun based photovoltaic power age can be very factor in nature because of the abnormalities in the sun
irradiance level brought about by cloud passing. In spite of the fact that the examination on PV yield
changeability has been proceeding for quite a while as confirm in [1-2], it is as yet being tended to as an issue of
contemporary intrigue [3], particularly with a high entrance dimension of PV assets. Ongoing working
encounters from La Ola Island PV plant [4] has uncovered that the slope rate of the PV yield can be as high as
63% of the appraised limit/minute, while it was expected to constrain the incline rate up to 30% of the evaluated
limit/minute [4]. To keep away from any negative effect of such a high slope rate on the dispersion framework,
the PV entrance was constrained to half of the PV plant limit [4]. The one-moment goals irradiance information
gathered from Oahu Island by NREL [5] demonstrates that the irradiance level can vacillate with an incline rate
of over half between two continuous estimations. A PV yield incline rate of 20% of the evaluated
limit/second is recorded in an examination [6] led on a framework in Mesa del Sol, New Mexico. In Australia,
the Commonwealth Scientific and Industrial Research Organization (CSIRO) has revealed [7] that the PV yield
incline rates can be up to 8% of the appraised limit/second at different areas. With a high infiltration of matrix
associated PV assets in feeble outspread appropriation frameworks, such high incline rate varieties of the PV
yield can present noteworthy voltage changes [8]. Along these lines, ramprate control methodologies to lessen
vacillations in PV yields and the subsequent voltage variances in PV coordinated dispersion frameworks are
fundamental so as to build the PV entrance level in the systems. Various types of vitality stockpiling
innovations have been proposed for smoothing of PV yield, for example, electric doublelayer capacitor (EDLC)
[9-11], superconducting attractive vitality stockpiling [12], power module [13], and battery vitality stockpiling
[14-15]. A moving normal based incline rate control is proposed in [9] for smoothing PV yield changes utilizing
EDLC. The moving normal strategy was additionally utilized in [14] for controlling battery vitality stockpiling
to diminish PV variances. An exponential moving normal has been utilized in [16] that gives more weight on
the ongoing estimations of the fluctuating PV yield. An adjusted Euler type moving normal model is proposed
in [11] for forecast of moving normal qualities for a cross breed framework with PV, energy component, EDLC
and battery. Controlling a vitality stockpiling gadget utilizing customary moving normal strategy can diminish
PV yield variance, however it may not really control the PV yield to an ideal slope rate. Likewise, a moving
normal with a long averaging window would require a capacity gadget to work to coordinate the distinction
between the real PV yield and the moving normal, regardless of whether the genuine PV yield isn't altogether
fluctuating. The battery and charging office accessible in an electric- vehicle has been utilized in [15] to
alleviate the momentary discontinuity utilizing a high-pass channel for variance relief. In this technique, the
slope rate of PV inverter is restricted utilizing the attributes of the channel, for example, the corner recurrence.
A dynamic separating controller and dynamic rate limiter approach is utilized in [17] for smoothing of PV and
wind control age variances. In [18], the power conveyed/consumed by vitality stockpiling for incline rate
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control is resolved utilizing a battery State of Charge (SoC) versus suitable slope rate hang trademark for
nonexclusive inexhaustible assets, where the admissible ramprate is identified with the SoC, however not
legitimately identified with the sustainable asset slope rate. A use of this procedure for an utility scale PV plant
is shown in [19]. Change moderation utilizing moving normal control and a first-request low pass channel is
displayed in [20] where the SoC of the vitality stockpiling gadget is kept up inside a range by adjusting the
vitality stockpiling power yield utilizing an addition parameter, which requires tuning. The effect of various
stockpiling time constants has likewise been examined utilizing time constants as long as 30 seconds. Creators
in [6] have connected both slope rate control and moving normal strategy for discontinuity alleviation of the
total yield of an appropriation framework with a few conveyed assets including a vitality stockpiling
framework. There is no extraordinary procedure for PV yield smoothing, as it relies upon numerous components
including cost and reaction time of the repaying asset and framework activity strategy [6]. Likewise, the
postponement in information transmission can cause less smooth yield or may even add more change to the total
yield [6]. In any case, if the change is alleviated at the PV association point with nearby data, the transmission
of information would not be vital.

The next section describes some brief approaches for ramp rate control, followed by the proposed
MPPT PI model for smoothing the solar output power. The paper concludes with the results for the system,
followed by some interesting observations about the developed system.

Il. Literature review

Proportional Integral (PI) controller keeps up yield with the end goal that there is zero blunder between
procedure variable and set point/wanted yield by close circle activities. It incorporates the mistake over some
undefined time frame until blunder esteem achieves zero. In [5] a control technique for inverter control was
proposed with the end goal that the dc voltage is set by Pl controller that analyzes genuine DC transport voltage
and reference created by MPPT and gives Id (dynamic current reference. The twofold shut circle control
technique was executed in [2]. One of the circle is DC voltage control circle and the other one is the framework
current control circle. The point of the external DC voltage control circle is to keep the info DC voltage of the
inverter stable and the inward framework current control circle is to guarantee that the yield current of the
inverter had a similar recurrence and stage as the network voltage. An inverter control in which the PI
controller is encouraged with a quick present mistake was introduced in [3]. The vital term in the PI controller
improves the following by decreasing the prompt mistake between the reference and the genuine current. The
subsequent mistake flag frames two reference flag Vrefl and Vref2.Now, these reference signals are contrasted
and a triangular bearer flag and convergences are looked to create PWM signals for the inverter switches.

In hysteresis controller, to control the present we have to apply hysteresis band. By utilizing
hysteresis band we can control the current to get wanted estimation of current. It is extremely helpful and
straightforward [6]. Hysteresis current control can be effectively executed due to its effortlessness. It chips
away at the exchanging signals given by inverter change to diminish blunders. At the point when the current
surpasses furthest breaking points band in hysteresis band a negative voltage is connected by inverter to
decrease current, comparatively when the present reaches close lower utmost of positive voltage is connected
by inverter to expand current. That is the manner by which the mistake is limited in hysteresis controller.
Hysteresis controller decides the exchanging signal so current dimension can be kept up between the upper and
lower farthest point of the hysteresis band Delta balanced current controller was proposed in [18]. In the
proposed controller, the lock circuit restricts the exchanging recurrence of the inverter. In any case, for this
situation amid the central time frame the exchanging recurrence isn't looked after consistent. To beat this issue,
the delta regulated current controller for inverter can be supplanted by changed incline type current controller.
In [7] a present controller was executed, in which there was right off the bat a procedure beginning with the
correlation of estimated flows and the reference flows. The yield of the rectangular delta balance conspire is
regulated waveform. The yield of the integrator channel, which is the criticism, is gotten by utilizing the
mistakes in the current. The input way comprises of integrator channel and the sent way comprises of
hysteresis quantizer. A hysteresis quantizer in the criticism way to compute the blunder flag and further
produce the regulated wave in a way to limit and kept between exact dimensions was introduced in [8].
Additionally, the creator characterized an exchange capacity to decide the cut-off recurrence.

The dynamic reaction for discrete-time control of miscreant control is quick [9]. On the off chance that
there is any mistake, killjoy controller will make it right around zero in most n inspecting periods if its greatness
is unbounded, where n is the request in this nearby circle framework. Further dynamic channel current control
was finished by Kkilljoy controller in [10]. Its calculation figures stage voltage to make stage current achieve its
reference an incentive in a regulation period. The estimation is performed in o, B edge and space vector tweak
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system. The controller does not require line voltage estimation to create reference current. Miscreant control
method puts all the framework shut circle posts at root of z plane [11]. Along these lines, its dynamic reaction
is quick and absolute consonant twists were low here notwithstanding when there are low here notwithstanding
when there is a non- direct burden associated. Perfect miscreant controller produces zero current blunder inside
one examining interim, yet here advanced flag handling are utilized in psychical drive framework, when we
assess bum controller voltage which causes are inborn postponement im count [12]. Deferral ought to be
managed cautiously else it can make current circle reaction display determined motions.

Corresponding Resonant (PR) controller, converter's reference following force is upgraded and
weaknesses like relentless state mistakes and requirement for synchronous d-g change in 3-stage framework
which are preset in Pl controllers can be decreased [13]. It very well may be utilized for producing
symphonious direction reference precisely in a

functioning force channel; there is a plausibility of actualizing particular consonant pay without the
prerequisite of other computational assets. To conquer issues like sounds in single and parallel PV inverters can
be fathomed by PR conspire [14]. To make the framework effective the control parameter randomization
procedure are presented here, which helps in improving the inverter symphonious execution. This idea is
reached out to parallel inverters based frameworks, where open doors for consonant scratch-off improve the
inverter symphonious execution. In [15] a PR controller was utilized in PV inverter to improve the framework
execution. In PR controller it has different points of interest like ease computational assets and unconstrained
following ability. Because of the unexpected change in sun oriented irradiance and source impedance the
unconstrained following ability and the following execution can be diminished. So as to familiarize PR
controllers over particular working conditions without gaining hesitant following mistake and ODO calculation
is purposed to look best with least unfaltering state blunder.

The principle target of the tedious control plot is to lessen the all out consonant twisting (THD) by
changing the FIR channel as per fluctuated lattice frequencies and keeps the thunderous frequencies fitting the
matrix major and symphonious ones [21. Tedious control strategy was utilized in [21] on the grounds that it is
productive control in following occasional flags and low yield THD where the proportion of the testing
recurrence ought to be whole number. Amid genuine modern applications when the proportion might be non-
number then the resounding frequencies of full control technique will redirect from the genuine network crucial
and consonant frequencies and it can bring down the framework execution. Utilizing tedious control
dependent on interior model rule, an incredible execution for voltage following was watched on the grounds
that it was fit to manage exceptionally huge number of music [22]. It helps the framework on the grounds that
because of it the complete sounds contortion is decreased and the following execution is improved. A controller
can be diminished to a corresponding increase fell with inward model i.e, in revamped structure which can be
effectively actualized in genuine applications. Within the sight of lattice frequencies varieties, it is hard to get
top notch nourishing current [23]. Tedious control is helpful, if occasional unsettling influence follow up on a
control framework [24]. Immaculate unsettling influence dismissal is accomplished if the occasional time is
actually known. The situations where the intermittent time changes and can't be estimated legitimately by an
assistant flag, a powerful monotonous controller structure is purposed. It utilizes various memory circles in a
specific criticism design, with the end goal that little changes in a period-time don't reduce dismissal properties.

Incline controller with regular circuit comprised of comparators, stage shifters, slope generator,
dispersing circuits and so forth was talked about in [18]. The stage shifters are circumvent. After the estimation
of three stage load flows, these flows are contrasted with the reference flows and the mistake signals are
currently contrasted and the triangular waveform of fixed recurrence and waveform. The recurrence of the
triangular wave is the bearer recurrence, while the mistake current flag is a balanced waveform. In the event
that the present blunder flag is +ve and bigger than the triangular wave, the changes are initiated to apply +VB
to the heap. In the event that present mistake flag is +ve and littler than the triangular wave, the changes are
enacted to

— VB to the heap. Additionally, some hysteresis groups are added to this altered incline type current
controller, whose work is to keep the numerous intersections of the blunder signals with the triangular waves.
The principle favorable position of this controller is that, it has the impact of keeping up a steady exchanging
recurrence of the inverter. The slope controller likewise has a few applications in mechanical engine drives
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I11. Proposed PV system Ramp control system
The overall system diagram for the PV system can be shown as follows,
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Figure 1. Top level model

From the above figure, we can see that the system is based on a distributed PV model, which is usually the case
in real time PV systems. The internal structure of the PV Ramp controller can be seen from the following
figure,
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Figure 2. Internal structure of a PV model

This PV ramp control system is applied at each of the distributed PV systems, so that the ramp control
can be done locally for each PV module. The Pl based ramp control system's output is given to an aggregator
module, which smoothens the output waveform by evaluating the mean of the voltage values arriving at the
input. The internals of the Pl based MPPT controller can be seen from the following figure,

Figure 3. MPPT based P controller

From the figure, we can observe that the current and voltages are given to a zero hold circuit, so that
any ramp like signals can be filtered, then a differentiator is applied in order to make sure that the signal values
do not go beyond a particular level. The output of the differentiator is given to an integrating circuit, wherein
the smoothened signals are restored to their original levels. These signals are then given to a MPPT controller in
the later part of the figure, where the maximal power point tracking is done, and the final output of the system
is obtained. Due to this, there are minimal ramps in the output waveform and we get a rampless output signal
from the distributed PV system. The next section describes the result analysis of the developed system.
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IV. Result analysis and conclusion

The system was tested on the following input parameters,

Ir0 = Input Irradiance = 1000 Cd
Isc = Short circuit current = 8.9 Amps
Rs = Series resistance = 0.05 Ohms

Tin = Input temperature = 25 Deg. Cel.
Voc Output control voltage = 22.75V
N Efficiency ratio = 1.2

These parameters are varied and the system was run with and without MPPT based PI control, and the values of
output power of the system were tracked. The following figure shows the P v/s V output of all the PV modules,
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Figure 4. P v/s V output

From the output we can see that the system has different outputs, and is truly distributed in terms of power
capabilities. The following figure shows the power output with and without ramp control,
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Figure 5. Power output with and without control

From the figure, we can observe that the developed system has higher stability in terms of power control, and
thus has better ramp control capabilities. The following figure showcases the output when the input parameters
are changed,
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Figure 6. Power output with and without control with value of Tin = 30
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As we can see, based on the changing values of the input parameters, the outputs change accordingly,

for example if the input temperature is increased then the output power increases, but the ramp capabilities are
almost the same, thus our system is capable of removing ramp from the output of PV models.

V. Future work

As a future work, researchers can further apply artificial intelligence and machine learning techniques to further
enhance the performance of the ramp control system, thereby improving the rate control of the ramp for the

PV modules.
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