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MODIFIED HILL CLIMBING MAXIMUM POWER POINT TRACKING CONTROL
METHOD FOR SATELLITE ELECTRICAL POWER SUPPLY SYSTEM

The increasing of efficiency of the satellite electrical power supply system (PSS) is important engineering task.
Modern satellite PSS widely use DC-DC converters under pulse-width controlling. Existing methods of
maximum power point tracking of such systems not always can to search surely for maximum power point if
there are existing some local maximums of power. It can be if illumination of few non-oriented solar panels
are different. This paper present the modeling of modified hill climbing (HC) maximum power point tracking
(MPPT). The aspect of the method is choosing initial point through open circuit voltage coefficient and next
tracking by using of special function through digital differentiation of measured values of output power with
scaling on actual power and special empirical coefficient. The simulation results revealed robust tracking of
the main peak power at a sufficiently rapid convergence.
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Introduction

One of bearings of advancement of space
innovation is the utilization of complexes of multiple
spacecraft, "main satellite"-"subsatellite". For example,
"Sich-1M"- "KS5MF2" (Ukraine, 2004), "Sich-2M"-
"Youth subsatellite" (Ukraine, at present being
developed). Recent years have seen a technological in
the use of renewable energy sources, particularly for
satellites, generation of solar power is very convenient
in space, especially because there are no clouds and the
sun not absent.

Since the birth of the space age until the present
time, the majority of satellites have been utilizing solar
cells and batteries to generate and store the required
power. Solar panels occupy a wide area and batteries are
essentially heavy devices. At nowadays, the solar
photovoltaic is still the most appropriate energy source.
The energy produced nearly identifies with normal
operation and life time particularly for satellite whose
power is constrained by size and weight [1-2].

Solar radiation, temperature, load impedance and
main bus voltage are the four factors which affect the
maximum power extraction from solar PV module. I-V
curve of PV module is a function of insolation and
temperature which affects output current and voltage.

The increased intensity of solar radiation increases
short circuit current (Isc) while increased temperature
decreases the open circuit voltage (Voc). Therefore -V

and P-V curve changes according to the operating
conditions which alters maximum power point. The
relationship between the current and voltage of the
photovoltaic cell is highly nonlinear and it can be
observed that there is a unique maximum power point
(MPP) at a particular environment, and this peak power
point keeps changing with solar irradiation and ambient
temperature. So it is important to match the PV source
and load impedance properly for any weather
conditions, to obtain maximum power generation.
Therefore, PV power generation system a maximum
power point tracker (MPPT) [3-5].

In this paper, the method for appreciating the
mathematical model of solar array for satellite is
proposed. Finally, by using hill climbing MPPT method
is used in satellite developed by the Department of
Space Technology and Alternative Energy Sources,
«KhAT».

Proposed Satellite Electrical Power

The Satellite Electrical Power System SEPS is
divided into three units. The overall plan of the system
is illustrated in Fig. 1.

- Solar Power Unit (SPU),

- Power Generation Unit (PGU),

- Power Storage Unit (PSU).

Each and every unit has its own responsibilities
and functions. A boost DC-DC converter is used in the
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(PGU) for adjusting the operating point of the (SPU).
MPPT measures the voltage and current of the (SPU)
and adjusts the duty cycle of the PWM signal applied to
the converter in a way that, if required, the maximum
possible power can be absorbed from the (SPU). In the
(PSU), when the generated power exceeds the
consumption demand, the battery is charged by the
charger. On the other hand, when consumed power
exceeds the maximum array power or when there is an
eclipse, the battery is connected to the main bus, via the
discharge diode, and supplies the required power.
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Fig. 1. Satellite Electrical Power schematic

For (PSU), A lithium-ion battery was adopted for
storing energy. Batteries are typically charged with the
maximum possible current that does not damage the
battery.

Hill Climbing MPPT Algorithm (HC)

Hill climbing (HC) technique is widely applied in
MPPT controllers because of their simplicity and simple
usage. In this method, the duty cycle of the power
converter can change and the power is absorbed from
the array compared to the previous stage. If power
increases, the duty cycle changes to the previous
direction and if power decreases, the duty cycle changes
to the opposite direction. The most common MPPT
method in space applications is the hill climbing method
owing to its high precision, simple structure, direct
investigation of power, high reliability, and
independence from sensors such as radiation and
temperature sensors [3-6]. This method has three major
disadvantages:

Firstly tracking local peaks of the solar array
voltage-power curve, secondly oscillations around the
MPP and thirdly low speed.

The following equation may be employed for
tracking the MPP by using hill climbing method as
shown in Fig. 2:

dP/dD=0, (1)

where dP - incremental power;

dD - incremental duty cycle.
dP/dD=d(I,y xD)/dD, 2)

where Ipy - current of PV module;
D - duty cycle.
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Fig. 2. The P-D curve diagram of PV modules

Substituting the value of D, for the boost converter
leads to the following condition:

Ipy +(1-D)xdl,, /dD=0. 3)
From the Fig. 1

Voy =(1-D)xEy,, “4)

where, Vpy - voltage of PV module V;
Epa - battery voltage V.

To solve the differential equation of Eq. (3), the
partial term is rephrase. In this case the solar
photovoltaic panel is formed by a series-parallel
combination of appropriate solar cell in order to provide
the voltage and current necessary under normal
conditions, first Ipy is calculated by substitution of the
following relations (derived from Fig. 1 and Eq. (5).

Vev HpvRs
AV, ]_1 N, (Vpy H, RY)

I =N, L NI | e N.K,

(%)

where Np - parallel connections of PV module,

N; - series connections of PV module,

Ip, - Photovoltaic current A,

I,- diode saturation current A,

R,- series resistance of PV cell,

R, - parallel resistance of PV cell,

A - ideality factor,

V- voltage temperature at T=25°C.

As a result, the following relation for Ipy/dD is

derived:
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Substituting Eq. (7) into Eq. (3) leads to Eq. (4)
which is a mathematical equation without any
differential terms. dP,,/dD

dP,

out
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dD PV ( )
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Simulation results

The power system was simulated in two variants —
single (autonomous) power system worked on own load
with R=25, 50, 100 Ohm and power system worked in
parallel on main bus with stable voltage 40, 45, 50 V.
Dependence P, from duty cycle D for both variants are
shown on Fig. 4 and Fig. 5 respectively.

The function dP,,/dD for both variants is shown
on Fig. 6 and Fig. 7 respectively.

This function can be used for calculation of AD but
needed in scaling and cropping. Scaling is performed on
the value of P, and scale coefficient K. Thus AD is
PP, 2 1

X X—,
D; =Dy,

P+Py K

calculated as AD,,,=
SC

Initialization of Dy, ADg

t
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According to Eq. (8), the tracker should modify the
duty cycle D and measures the current Ipv until the
conditional case “dP/dD =0 is achieved. In practice,
reaching this condition is not applicable due to the
discontinuity of the duty cycle. Therefore, the best
operating point is where the magnitude of dP/dD
becomes minimum (as close as possible to zero). It
should be noted that Eq. (8) is valid for the boost
converter

For the (PGU) the proposed MPPT algorithm is
depicted in Fig. 3, where D is the duty cycle of the
power converter, Ppv is the array power, Vpv is the
array voltage, and Ipv is the array current.

Do=D;
D4=D,
AD=AD;, D,=D4+AD;
t !

Calculate Pout2=Vout2*lout2

2(Pout2'Pout 1) -
(Pout2+Pout1) ~

D=D,
Scale coefficients:
Ks=25 — for parallel PV system
Ks.=50 — for single PV system END

6=0,01 — demaned accuracy

Fig. 3. Flowchart of MPPT algorithm
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As we can see on Fig. 10 and Fig. 11 convergence
from extreme positions for single system does not
exceed the 12 steps. Convergence from extreme
positions for parallel system does not exceed the 7 steps.
When initial value of D is chosen from condition open
circuit voltage coefficient equal to 0,88 then
convergence does not exceed the 3 steps for both
variants.

Conclusions

This paper present the modeling of modified hill
climbing (HC) maximum power point tracking (MPPT).
The aspect of the method is choosing initial point
through open circuit voltage coefficient and next
tracking by using of special function through digital
differentiation of measured values of output power with
scaling on actual power and special empirical
coefficient. The simulation results revealed robust
tracking of the main peak power at a sufficiently rapid
convergence.

According to simulations convergence from
extreme positions for single system does not exceed the
12 steps. Convergence from extreme positions for
parallel system does not exceed the 7 steps. When initial
value of D is chosen from condition open circuit voltage
coefficient equal to 0,88 then convergence does not
exceed the 3 steps for both variants.
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MOJIUPUIIUPOBAHHBIA METO/1 BOCXOXKJIEHUSA 1o BBIITYKJIOM IOBEPXHOCTH
IIPU OTCIIEXXKUBAHUU TOYKN MAKCUMAJIBHOU MOIIIHOCTHU CUCTEMBI
SJEKTPOCHABXEHUSA CITYTHUKA

Anu M. /Icacum

[NoBbienne >(pPEKTUBHOCTH HCIONB30BAaHHS CIYTHHUKOBOW cHCTeMBI AnekTpocHabxkeHus (COC) sBisercs
BaKHOU mHXeHepHoU 3anadyeid. CoBpeMenHble cnyTHHKOBBIe COC mmpoko ucnonb3ytor DC-DC npeobpasoBateiu
C HIMPOTHO-UMITYJIBCHBIM yripaBieHreM. CyIIecTBYIONMEe METOAbI CIEKEHUS 32 TOYKOH MaKCUMaJIbHOH MOITHOCTH
TAaKUX CHCTEM HE BCET/ia TMO3BOJISIOT YBEPEHHO OTCIIEKHBATh TOYKY MAaKCUMAaJbHOW MOIIHOCTH, €CIIU CYILECTBYET
HECKOJIBKO JIOKAJIbHBIX MAaKCUMYMOB, YTO MOXKET HWMETh MECTO IpPH Pa3IHMYHOW OCBEUICHHOCTH HECKOJIBKHX
HEOPUEHTHUPOBAaHHBIX COJIHEYHBIX NaHeneil. B craThe mpeicTaBiieHbl Pe3ylbTaThl MOJCIMPOBAHHS MOAU(DUIIN-
POBaHHOI'O METO/Ia BOCXOXKJEHHS IO BBITYKJIOW ITOBEPXHOCTH IIPH OTCIEKHUBAHUM TOYKHM MaKCHMAaJIbHON
MouHocTH. OCOOEHHOCTBIO METO/Ia SIBJISETCSl BHIOOP HAYAILHOM TOYKH MOCPEICTBOM KO3 (HUIMEHTa HANPSKEHUS
XOJIOCTOrO XOJa M TOCIEAYIONIee OTCIEKUBAHWE IIPH IOMOIIM CHENUaTbHOM (yHKIMHM dYepe3 muppoBoe
muddepeHumpoBanne nU3MepsSEMbIX 3HAYEHUH BBIXOJHOW MOIIHOCTH C MaclTabupoBaHWEM TO (paKTHYECKOH
MOIIHOCTH U CHEUUAIBHBIM 3MIIMPUYECKUM KO QUIIUEHTOM. Pe3ynbrathl MoaenupoBaHus MOKa3all HaJeKHOE
OTCIIe)KUBaHNE OCHOBHOI'0 MaKCHUMYMa MOIIHOCTH IIPH JOCTATOYHO OBICTPOI CXOJUMOCTH.

KnaroueBble cioBa: CryTHHKOBasi CHCTeMa DJIEKTPOCHAOXKEHUsI, CONHEYHast (DOTOBOJIbTaWKA, OTCIICKUBAHUE
TOYKY MaKCUMaJIbHOH MOIIHOCTH, METO]] BOCXOK/ICHHUS 10 BBIITYKIION ITOBEPXHOCTH.

MOJIUPIKOBAHUI METO/I CXOKEHHSI IO OIYKJIIA MOBEPXHI ITPU BIICTEKEHHI
TOUYKHU MAKCUMAJIBHOI MIOTYKHOCTI CACTEMH EJIEKTPOIIOCTAYAHHS CYITYTHUKA

Ani M. J[orcacim

[TixBumieHHs1 e(eKTUBHOCTI BUKOPUCTAHHS CYIyTHHKOBOI cuctemu enektporocrauanns (CEC) € BaximBoio
imkeHepHomo 3anaueto. CydacHi cynyraukoBi CEC mmpoko BukopuctoBytoth DC-DC neperBoproBadi 3 HIMPOTHO-
IMITYJIb,CHAM KepyBaHHSM. ICHYrOUi METOAM CTEXKEHHs 32 TOYKOI MaKCUMAaJIbHOI MOTYXKHOCTI TaKUX CHCTEM He
3aBXK/U JIO3BOJISIFOTH BIIEBHEHO BIJICTEKYBATH TOYKY MAaKCUMAIILHOI MOTY)KHOCTI, SIKIIO ICHYE NEKIJIbKa JIOKAIBHIX
MaKCHMYMIB, II0 MO)K€ MaTH Miclie TIPH Pi3HIH OCBITJIIEHOCTI JEKUILKOX HEOPI€HTOBAHUX COHSYHHUX TMaHeneu. Y
CTaTTi MPEJCTABICHO Pe3yJIbTaTH MOJEIIOBAHHSI MOAN(IKOBAHOTO METOAY CXOPKEHHS MO OMYyKIIiH IOBEpXHI HpHU
BIJICTeKCHHI TOYKH MAKCUMAaJIbHOI MOTYKHOCTI. OCOOIHBICTIO METOYy € BHOIp IMOYATKOBOI TOYKH 3a JOIIOMOTOO
Koe(illieHTa HANpPYrd XOJOCTOro XOAY 1 TOAaiblie BiJCTEKEHHS 3a JOMOMOrol crerianbHol (yHKHii yepes
uudpose audepeHIiroBaHHs BUMIPIOBAaHUX 3HA4Y€Hb BUXIJHOI IOTY)KHOCTI 3 MacmTaOyBaHHAM 32 (PaKTUYHOIO
MOTY)KHICTIO 1 CHelialbHUM eMIIpUYHUM  KoedillieHToM. Pe3ynbratm MojeNioBaHHS TOKaszaiu HaJiiHe
BiJICTE)KEHHSI OCHOBHOT'O MaKCHUMyMY TIOTY>KHOCTI MPH TOCUTD MIBUAKIN 301KHOCTI.

Kiro4oBi cjioBa: CymyTHHKOBa CHCTEMa €JIEKTPOIOCTaYaHHS, COHAYHA (DOTOBOJIBTAIKA, BiJICTCIKCHHS TOUKH
MaKCHMAaJIbHOI TIOTY)KHOCTI, METOJI CXOJPKEHHS 110 OITYKJIif TIOBEPXHI.
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