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by spirit and opportunity was solved by means afjda
Abstract - This paper focuses on the design and constructigieploy solar panels. This solution work as basiglésign of
of an optimization charging system for Li-Po ba#srby solar panels for the future Exomars mission. Thiger,
means of tracked solar panels. Thus, the implertientaf a thanks to its high—efficiency ultrathin film silioo cell
complete energy management system applied to aticobcconstructed in reinforced plastic, is capable ofvjuting high
exploration vehicle was put forward. The proposgstesn power.
was tested on the VANTER robotic platform-an autonas
unmanned exploration vehicle specialized in redammi The Ill. PROPOSED SYSTEM
interest of this robotic system lies in the designcept, based In this paper, to implement the maximum power tiagk
on a smart host microcontroller. On this basis, gnaposal without robot, and also we can implement the marimu
makes a twofold significant contribution. On theedrand, it power tracking with robot and controbility from dae¢t and
presents the construction of a solar tracking meishaaimed smart phone.
at increasing the recover’s power regardless amibility. The concept of smart host microcontroller (SHMy f
On the other hand, it proposes an alternative desigower intelligent power management applied to an expionat
system performance based on a pack of two battéftds vehicle. The following section presents the conwblthe
aim is completing the process of charging a battetyattery-charging system by means of tracked scdaels,
independently while the other battery providedtad energy which is the main aim of the paper, design of iechanical

consumed by the robotic vehicle structure its electronic device and the graphisal interface
(GUI) are presented. Aims to providing the necessar
. INTRODUCTION parameter for the battery sizing, charging, disgimar

SOLAR power systems in autonomous robotic \lekic algorithm, and the pv system sizing. Therefore tigped
have been often used for some years. The VANTERtiob methodology by testing the rover power system. Iisinthe
exploration vehicle aims to improve various aspedtshe result and finding from the developed work presente
aforementioned rovers with scientific and acadgmiposes.
The rover is developed to be plane chassis thatraite
independently. The four-wheel-drive(4WD) and the
individual control of each wheel allow differentpgs of
movement, including Ackerman configuration, thebdtriag | sohrpnel Signal condi decoder RF receiver
manoeuvre or the rotation with inner inertial cenffhe four | vithatuater " toning
wheels in VANTER are sustained by means of independ
passive suspension of double aluminium fork to gibsarrain ]

. . . . Batteryl
vibrations shown in flgure. Battery microcontroller LD

selection

II. EXISTING SYSTEM ogc

SOLAR power systems in autonomous robotic veRicl | gy

have been often used for some Years. For real dgam
sojourner rovers. In which most of the suppliedrgpds

generated by a reduced size photovoltaic (PV) pant
However, in case of scarce to no solar light, thesr should
minimize consumption, since it batteries in linelcbnot be
recharged when depleted. The use of rechargeatiziba in
a space mission was used the first time in the mxgrkration

rovers. Nevertheless, the need for greater operationomy Fig.1. Block diagram of optimal battery charging dolar

device

Y

Motor driver

Leftmotor Right motar

66



International Journal of Emerging Technology in Conputer Science & Electronics (IJETCSE)
ISSN: 0976-1353 Volume 8 Issue 1 —APRIL 2014.

IV. WORKING METHODOLOGY depends on several construction strategies ofollae sacker
Each module is rated by its DC output power undéfch as the type of axis movement (either singlelua),

. ; pes of sensors on which is based (photo resistophoto
standard test conditions, and typically range frOIIckﬁnnductive cells), and the accuracy rendered bptheber of

100 to. 320 watts. The eff|C|en(_:y of a mOdm%ensor pairs. On the contrary, parasitic load wopsion
determines the area of a module given the samé raj@sqciated to the proposed configuration (a modilkar

output an 8% efficient 230 watt module will haveyanel, two batteries, and electronics) compared simple
twice the area of a 16% efficient 230 watt moduleystem (a fixed panel, a battery, and electromics)pared to
This robot is equipped with two batteries. The tobdncreased between 1.14% and 21.42%.Th_us, standard d
switches to the battery which has more chargehign t Motor was proposed to reduce the consumption 8p5i%.
time the other battery starts charging via soarep. Figure shows the mechanical solar trackingesys This

. . comprises a fixed solar panel mounted horizontalty
Tf_]ls itelligence can be achieved by the use ANTER and two panels with symmetrical movementse T
microcontroller.

mechanical structure is mounted on an aluminiunssikaon
which the electronics were mountedn @e top platform a
A. MECHATRONIC SYSTEM DESIGN methacrylate panel with two side supports has been
A typical power management design consistsroart assembled. The solar panels are mounted on pan and tilt units
batteries integrating both communication devicesd arformed by two DYS0213MGs metal gear servos. Each pair of
electronics able control the charge. However, wiaen digital servomotors allows soft rotations with amplitude of
economical system is required, the concept of ligeice 180 [ in azimuth and elevation, so that the solar pacetse
should be applied to software design for simpléehiats. One oriented to toward any part of the space.
of the main objectives of this paper is the implatagion of The tracking system design is basedtarsype CdS
the SHM concept to develop a low cost power managem photoconductive cell. This consists of four Hamauat
system aboard a robotic vehicle. The system caneisan S9648-100 photo sensors mounted on a PCB attaohmukt
electrical circuit interconnecting a PV system. solar panels of VANTER. The advantage of the setect
The SHM is based on a PIC16F886 microcontrolidich ~ devices is that they have a spectral sensitivigkpgear 600
monitors VANTOR consumption and decisions in d&@m where light is considered to have more energy. T
completely autonomous way. The SHM has two maitinprove the performance of the tracking systeng th
functions: 1) detecting environmental light levehda photoconductive cells are arranged in a crosspaecetheir
controlling the solar tracking system to obtain tiighest field of vision is narrowed by means of opaque tasibes
power; and 2) interpreting operation data fromevas and an outwardly directed gap. The advantage over ay&ems
solar panels to control the working mode of thergba based on solar mathematical equations is that mexha

accordingly. The cost of this system-regardless trod
instruments and VANTER software—is US$ 600.

B. PHOTOVOLTAIC SYSTEM WITH SOLAR
TRACKING MECHANISM

When selecting the solar panels, VANTER physiogyno
and consumption dictated its construction and etect
requirements. The panel weight is a factor thaftdichits
mechanical design; light-weight panels provide lopewer
consumption and require optimizing the robot's aller
performance. The proposed PV system consists @&feth
monocrystalline solar panels with laminated PET os¢h
dimensions are 200 mm x 3.2 mm and its weightik@.per
panel.

The PV system provides power, keeping in mimat
voltages and currents generated must adapt to dxérmam
and minimum values of the hardware. However, sithee
environmental natural features cannot be predietedach
instant, the quantitative energy from solar radiatannot be
predicted either. Thus, one of the main propodatsi® paper
is implementation of a solar tracking mechanismeainat
increasing power levels in the PV panels. Unlikeeotrovers
that use in navigation techniques to guide themefatoward
the sun, VANTER’'s mobility does not represent
disadvantage since the proposed tracker systerks foothe
most powerful light source. Solar tracker prototypeiilt in
mobile robots have proven that orientation of Pétems
leads to increase energy efficiency relative tdesys with
fixed solar panels (20-50% per collector). Thisngaé

allows tracking as closely as possible to the sodesition in
any ambient light situation. To this end calibrgtiphoto
sensors’ sensibility by means of variable resistatgch has
the advantages of adapting to different brightdesations
and lighting conditions?

Tracking the most powerful light source is pblesbecause
analog signals are obtained by the photo sensocs shey
already include both amplifier and signal condiéon
integrated circuits. Proportional light values @mpared in
pairs and, from their different adjusting the cohsignal for
razimuth and elevation required by the trackingeystEach
servo is controlled by a pulse width modulationogd duty
cycle determines the required rotations. Insteadaeasing
or decreasing the duty cycle at fixed values s#ilvos face
the light source, rotations are achieved by medrdVeM
signals generated as follows:

Y=exp+30/20).

This mathematical expression
programmed algorithm where y stands for
displacement, x is the difference of illuminaticetlveen each
couple of photo sensors, and constants values iexgraally
obtained in ground testing. The advantage of thistegy
relative to other types of equations is the sep@dgorming
darge displacements when the lighting values betvwesch
pair of photo sensors evince high discrepanciesoaxis.
Similarly, shorter and accurate shifts are obtaingten
lighting values are approaching the most powerfghtl
source. In this way, the pan and tilt" units tryptace mobile
solar panels perpendicularly to the most intenserceo

(1)
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available. Higher energy collection is thereforesgble. On
the other hand, the tracking algorithm also takés account
VANTER’s kinematics configuration. Thus, it prevent
servomotors from reaching limit positions duringat@mn so
as to prevent solar panel from colliding with otlmebotic
elements.

C. BATTERIES SWITCHING SYSTEM

The switching system consists of two MAX&EXKIT
selectors with break-before-make operation logitei
function is connecting electrically the charge alistharge
paths between the batteries, the charger modulethenload
system. That is, selector 1 is inserted betweenthbeger and
the dual battery pack. Its function is routing tugrent from
the PV panels to the input of the charger and, ftloene, to
the battery selected in each movement. Selecteru®ed to
connect the selected the battery to the load syStherefore,
the dynamic connections of the electric circuit tee carried
out according to the SHM-defined logical operatiande.
This is based on the voltage thresholds progranintedhe
control algorithm.

In the first row, selector 1 was programnmecdharge
battery 1 while selector 2 is preset to dischargteby 2.
Charge current obtained from the PV panels is thtaethe
charger through selector 1 and, from the chargerthe
selected battery. Likewise, the discharge currébiattery 2
is routed to the load system through selector 2 fiain
advantage of the duel selector system is thatlawval hot
swapping of separated power supplies. In additiorgase
both batteries were fully discharged, a working magas
programmed in selector 1 to supply the load systeectly
from the PV panels.

D.CHARGING AND DISCHARGING SYSTEM
When describing the implemented system, two diffeparts
can be distinguished: a first one exclusively dedato the
intelligent management of the charging/dischargimacess,
including controlling and monitoring sensor signadsd a
logical part devoted to power flow management tgtou

VANTER energy
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Fig.2. Overall connection diagram for batteriegstdrs

MAX17005BEVKIT was the charger system used. Th

device consists of a dc-dc synchronous-rectifiedveder
with step-down topology. The charger system isratled by
the SHM using a PWM signal applied to one of itsnieals

algorithm. Between the PV system and the chargstesy
there are a voltage conditioning capacitor an B¥ser from

the AttoPilot with 0-3.3 V output. The capaciGl prevents
voltage at the charger input p\ﬁch from falling below the
charger voltage of the battery cellcv when solar power is
not capable of providing appropriate voltage |V, during

that instant the capacitor is discharged with aesr Ich
through the dc-dc converter. The role of the I/\issw is
detecting the current and voltage levels that spianel
provide to the charger device.

The algorithm implemented in the SHM consistsltdrge
regulation by increasing the output current of thearger
module according to the MPP. The MPP-tracking se&h&m
based on the dynamic power path management function
described by Texas Instruments Incorporated. Tdvisdost
solution is a simplified MPP tracker able to ham@6-95%
of maximum power. On this basis, a voltage varratiothe
PV panels is detected by th sensor as a power variation.
These signals are used by the SHM to enable, disatd
control the charger current of the charger by medasPWM
signal. The solar panels were sized to obtain tagelhigher
than the cut off level of the dc-dc convertor. Tailewed us
to implement a protection scheme against droplar gower
input to improve system performance and reliability
cannot dispense its supply unit.

—5 i

_;Oajtu.

'I‘:ig .3. GUI of the powér management system:' (a)ps€b)

and (c) UHF system, (d) PV panels, (e) batteriesiton and
(f) solar tracker system.

The rechargeable system comprises two NanoP&k V
batteries of three Li-Po cells connected in a 3S2P
configuration. The reasons for their choice wergrthigh
efficiency (98%), energy density, and long lifeaiddition to
their low size and weight without compromising adble
cost. Thus, each battery provides the system egpadity of
2400 mAh with a maximum voltage Vcc= 12.6 V andkza sf
36 x 35 x 65 mm3.

E.REMOTE MONITOR INTERFACE
In addition to the GUIs of the navigation systend &éme
5-DOF manipulator arm aboard VANTER—dsescribed in
the power management system prevented in this papgr
also be monitored from a remote PC. The virtudtimsent is
divided into several functional areas that faddtathe
composition of the communication packets betweea th

and supplies each battery according to a programmgg, e pC and VANTER by means of setup menus (@) an
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displays (b) and (c).the graphical representatich@values
allows real time verification of solar panel geriedavoltage
and current, batteries’ current, voltage, and cipas well as
SoC and discharge, operation temperature, senitiqroand
photodiodes light level. As an example of the namiiig

interface operation, the switching states of thdtebas

panel voltage at the MPP must exceed this valusidBesach
battery employs a capacity of 2400 mAh, its chargang
advisable at the rate between 0.2 and 0.7 C. Thigsponds

to a charge current between 480 and1680mA, with an
intermediate value of 0.5 C (1200mA) a relativelyod
choice. These considerations, the power requiyed b

current (d) and voltage (e) during the charging and

discharging processes are shown in different &ibally, tab
(f) displays both photo sensor generated voltageldeand the
magnitude and angle of the resulting vector.

V. POWER SYSTEM DESIGN
This section presents the sizes of the bastsystem, the
parameterization of the charging and dischargiggrihm,
and the sizing of the PV system in more detail.

A. BATTERIES SIZING
Each battery was sized taking into account bothrtagimum

D.RESULT AND DISCUSSION

Each module is rated by its DC output power unde
standard test conditions, and typically range from
100 to 320 watts. The efficiency of a module
determines the area of a module given the same rate
output an 8% efficient 230 watt module will have
twice the area of a 16% efficient 230 watt module.
This robot is equipped with two batteries. The tobo
switches to the battery which has more chargéii t
time the other battery starts charging via sotargb.

system consumption and VANTER continuous consumptioThijs itelligence can be achived by the use of
under different operation conditions. It shouldguaranteed (icrocontroller

that maximum system consumption always below th-

maximum battery deliverable discharge. Nevertheless
Li-Po battery working at its maximum continuouscttiarge
as the disadvantage of not providing the requisrtbpmance
and shortening its lifetime.
requirement is fully covered. Thus, setting the uresd
backup time, the capacity of each battery can timated by
means of the following formula:

Capacity (mAh) fon (min) x Current demand (mNS
60 min/h 2)

Setting an operation timéo n 1 h and a maximum
consumption of 2000 mA—as expected in table—a dgpac
of 2000mAh is then required. Considering a diffeeof ~
15% between the maximum and nominal capacity atteety,

a battery of 2400 mAh—as those chosen
paper—covers this operation time.

B.CHARGE AND DISCHARGE POWER SYSTEM

On the other hand, threshold values for the dynam._

charging/discharging regulation were defined in th
SHM-programmed algorithm to prevent Li-Po battefresn
damaging and to extend their life cycle. The chaygand
discharging process parameterization has been
considering the battery electrical model, where lthagtery

stands for a voltage source with an internal resiist series
Rint specified by the manufacture. Considering totiage
drop across the battery and a cutoff voltAfmutoff for the

recharging and discharging algorithm, a maximum ar -

minimum voltage at th&/up andVendwere defined for the
charging and discharging protection conditions adiogly.

C.SIZING OF THE PHOTOVOLTAIC SYSTEM
The power requirement of the PV system results fthen
estimation of the voltage and current values thatdharger
supplies to the battery. The maximum voltage atctierger
output corresponds to the voltage of the fully glearbattery
during voltage regulation, which in this case cspands to
Voc=12.6 V. In a dc-dc converter with step down tapyla
voltage higher than 12.6 V is required at the inpatthe PV

69

VANTER consumption

in thi

START

i

VOLTAGES

l GET LEFT, CENTER, RIGHT

)

MOTOR ROTATES
TOLEFT POSITION

YES l

MOTOR ROTATES
TOCENTER

MOTOR ROTATES
TORIGHT POSITION

.
END

Eig.4. Flowchart for solar panel tilting

oy B by

T i ' e 4 3
¢ e ;
=1, "
- u 1d @=- e |
= ' e B
= |
A wewstivr | |
— HUE et
1 .\: .
s
|
[ ] . # |
. W @ % i
L 4 1
‘ |
ELBIELAS ‘o
@

Fig.5. Simulation block interfacing steppsotor



International Journal of Emerging Technology in Conputer Science & Electronics (IJETCSE)
ISSN: 0976-1353 Volume 8 Issue 1 —APRIL 2014.

VI. CONCLUSION

This paper has presented a smart energy manageystein
applied to a robotic platform called VANTER, an
autonomous unmanned vehicle devoted to exploratisks.
The proposal includes the construction of a salacker
mechanism based on mobile PV panels aimed at isiaga
system energy. Its main advantage is that amouygrérated
power is independent from the rover’s mobility, cgnthe
proposed mechanism is capable of tracking maximght |
intensity.

Delivering the systems energy requirements lewhi
recharging the backup battery was made possible by
implementing a dual system of selectors, monit@nsd
batteries. This solution does not attempt to a&hibigh
charging times or great operating times but to botic
vehicle. In this sense, an SHM was designed fomrht
charge regulation by means of an MPP-tracking setzamsed
on the DPPM.

Experimentation shows that the charging andhaigying
processes that require careful Li-Po cells becamssiple due
to a fine SHM-implemented control algorithm. Tostlend,
practical implementations of the switching battagstem
according to the operating limit values.
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