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Abstract

In the applications of wireless sensor networks for water level monitoring, a large
numbers of wireless sensor nodes are installed along open channels including water
resources. In some locations that the wireless sensor nodes are installed, it is difficult to
reach the nodes for maintenance. Therefore, their energy sources must be able to supply
the electrical energy along their service life. Their energy sources must be derived from the
conversion of energy in environment to electrical energy and can be able to accumulate
the electrical energy in some forms for some situations that the conversion process cannot
be preceded.

This research is to study of potential energy sources that are suitable in the
wireless sensor networks for water level monitoring. Additionally, the prototype of
multiple-input multiple-output converter with battery charger is designed and constructed
to be used as a power supply of a sensor node. Inputs of the converter are supplied from
electrical power converted from other energy sources among the environment. A battery is
used as a backup source in order to increase reliability of a sensor node. Output voltages
of the converter are designed in different levels to meet load requirements. The designed
converter will be taken into account of lifetime and stability of the power supply.
Moreover, it must be able to transmit power to the load efficiently with the simple
structure and can be applied in a practical use.

The prototype converter has 2 inputs and 2 outputs including 24-V battery backup
source. Each input is connected through a controlled switch for independent power
managing purpose. Furthermore, it can bring power loss due to a leakage inductance back
to charge a battery. This process will increase the converter efficiency and reduce stress in
a main switch. The prototype has 3 modes of operation; normal, charging and backup,
which are automatically controlled by microcontroller. Both input voltages of the
converter are 30 V. The output voltages are 5 V/1.5 A and 12 V/1 A. The power rating is 25
W. The testing results show that the prototype converter can be able to operate in 3
modes by automatically controlled with microcontrolier. The averaged efficiency is
approximately 80 %. The structure of the converter is simple and uses a small number of
devices. It can be used with various power supplies and is suitable for deployment in a

large-scale of wireless sensor network.

Keywords: Multiple-input/multiple-output converter, battery, wireless sensor node
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Power Density (UW/cm3) | Power Density (pW/cm3)
1 Year tifetime 10 Year lifetime
" Battery (non-rechargeable Lithium) a5 3.5 (Include leakage)
.g’ ?:" __ | Battery (rechargeable Lithium) 7 0 (Include leakage)
% 5 g Hydrocarbon fuet (micro heat engine) 333 33
? g 2 Fuel cells (methanol) 280 28
& Nuclear isotope (uranium) 6x10° 6X10°
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Power Density (LW/cm3)

1 Year lifetime

Power Density (uW/cma)

10 Year lifetime

Solar (Outdoors)

15,000 - direct sun
150 - cloudy day

15,000 - direct sun
150 - cloudy day

Temp. gradient

15@ 10° gradient
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@

‘g ’g Solar (indoors) 6 ~ office desk 6 - office desk

O bl

- 3 Vibration 200 200

é_ g Acoustics noise 0.003 @75dB 0.003 @75d8B
5

O Ao

gﬂ o 096 @ 100 dB 0.96 @ 100 dB

¢z Daily temp. variation 10 10

z =
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15@ 10° gradient

Shoe inserts

330

330
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Node Mica2 MicaZ Telos
(AVR) (AVR) (T MSP)
Wake up time 0.2 ms 0.2 ms 0.006 ms
Power used in sleep mode 30 uW 30 pW 2 W
Power used in active mode 30 mw 33 mwW 3 mwW
Power used for radio 21 mwW 45 mw 45 mw
Data rate 19 kbps 250 kbps 250 kbps
Minimum voltage 25V 25V 18V
Life time of sensor node supplied by AA battery for reporting data
453 days 328 days 945 days
every 3 minutes using synchronization (<1% duty cycle)
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3.1 2995 A¥-AT ABULIBSIMBTLUUNATEBUNA (Multiple-input DC/DC converters)
Tassadeitugueasas #5-73 aeunefmesuuunarsdunauindu 2 dw fe (1)
wadundwreliihiiendn wadumasiiewalaRaPulsating source cell: PSC) uaz (2)
iwaduatiaLnasynaF e N, (Output filter cell: OFC) TnlraduvasinoRasnRgauUs
ponldidu 2 Uszian flo wadundsseuseiuwalnia (Pulsating voltage-source cell:
PVSC) wasigadunasdnenssuawalsnig (Pulsating current-source cell: PCSC)
aSUNaITIEUTITURAIEARs (Pulsating voltage-source cell: PVSC) wwad
Lma'aahanszmwia'mWsmiwmﬁimjmw%aﬁiaaqﬂimﬁuﬁlﬁ wilunssafuigadiveilames
mnﬁwmmﬁwmﬁ”’u Hossiaruisadflamesnsatanuiisiausediu (Voltage-type low-pass

fitter) laestainiusumleniuassuiuuszgnauanslugun 3-1

—O + l " l l—*_ p—O —
»t ’ G
Q AN v : g W Vrise
Vi D g T 0 b

b—0 — < o+

Y]

(n) 9n (Buck) (@) 40 (Cuk)

JUT 3-1 wadunaadnsussiuiainfauseinneng 9 [7]

IWAAUNAIT I8N TUANAIYAAY  (Pulsating current-source cell: PCSC) 1wag
waseUszinnilanuisaas iU uIUIUIINIY ualunseenuaave a1y
WAL dosdafuadianasnsasnudaiviinnszua (Current-type low-pass filter)

lngmssiaiinduiuiuysey dwandugun 3-2

V,-T ¢ /,l

(%

(n) yn (Boost) (%) {Jvﬂ—y,% (Buck - Boost) (m) WA (SEPIC)

n ipese
A

O

JUT 3-2 wadunditenseuaiaimnnssinveng 9 (7]
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JUT 3-3 MIseadunaiteRaaRszAnang 9 (0) [WwaduraseusuWalgRRnauuy

aYNIY (1) WAUNAITIBLTIRUNRIGRAIBUUUTLIY (A) WadUVAIIBNTEIETa-

LHRINDLUUVUIY [7]

NN5A82995 AT-AT AeunasmoiuuuatsBunm Wunniwadunasieialmni s
apsiinusoiurnainlguaivesisasnsuneinesuvuenlaniiuguviafidnioudas
Ifun 2393resiisnnounodines 2asHarsuuanauasaes 2asEEUIAdABUNDIABS

295auIndaeuneines wavavTNTNarsueines flugui 3-4 fs JUV 3-6

A Dzo_z‘
Ly o, 9

KD D . T—‘m—_:
W _7 0 4

b2 NI p— Vs L 5

Cel Rr
D N D Dz—;
‘} T U p
(P) Wavindnauosines (1) WansLuAPULIBSLABS

5U7 3-4 waduvasieusiuialnAsseLuUayny (7]
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UM 3-5 [ UaduNaI gL IR URAARIFDLUUIUIY [7]
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BDp INDps +

Wl - éV.,
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() Wavsadrounodines

JUN 3-6 WwadunaIdnenssuaiawai s ouyuIu 7]

3.2 n15AATITRLAzIUSBUTIBU9RS AT-AT ADUIB IR TLUUVATEBUNA

3.2.1 2995auLdadunauuuun Un-yanauLIasines
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2935lugun 3-7 JumsmusastnaeuneinesuazUn-yansunednesidimei
Tngunasing Vi, Tuvuzdnendnuldiuivanasiduiastnasunsiines wasumnaing Vo

Twrurdrendanuliiuivanssduiasin-yareunasines

I Sy « V, - 1,
e

Viu —] ZSDH,I" llc lla
ég’{fl'—oo C=— R2V,

v | &b,

LO

Y 7 [FAIFA V,(% T Ve 1o

H.
O C=—F/— R Vo 4
V{ | ) :
L
T

VHI TL’ J%IC l[u Vfilé) 6 —1: irll]o

| I
0 (L C= RT Vo
VL{ ) | LVVL( t ?—/ 77# |
C)

(")

g
;
|
%

be

o
—

=

JUN 3-8 aN11EMHLUYENINNTUN Un-yanauiesings (8]

A

VGsHi ON OFF | p

Vesiol OFF |ON|  OFF )
L d, T, dily
> I ‘
B T e

gﬂﬁ 3-9 F1AULIAINITHNNUVD AR [8]
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%9ANUIAINITYINNUTDIETNG mﬂ'gﬁﬁ 3-9 Lﬁauﬁugﬂﬁ 3-8 anmensiinau 3
4n1% A9 (1) ANTLUNEITIE V,y ¥NUegafien (2) anmevaurassng Vi Uag Vo 1914
niaunu uag (3) ananm‘mwuﬁy’q@; Imaﬁmmé’uﬂ’uéiwdwLLsaéfuﬁuwmLLammsﬁwmﬁa
d, d

v,=—tu_y %o p (3-1)
1-d,, 1-d,,
wazpnudmusvasnssuadunauaziondwaludsil

d

I,=-2#_p (3-2)
1-d,,
d

L =T 1, (3-3)
1-d,,

3.2.2 2995auLdadunatuuun UnAouiaiines

i aane b
L |’ : Lo
R ON, | OFF |
, + dl ! : :_t
_Ii’}/?__‘ C=— RZ v, AN
i : OFF| ON | OFF!
V, —‘ A D, dz ! ‘;;l
T T,
[P P R
3U# 3-10 2933500 UnAeuiasnes [9] JUT 3-11 anainsvinnuvesaing

2993lugU7 3-10 fanngmsineu 4 923 A (1) Traunasing Vv, vauegadior (2)
PaitaudsTeundeniu (3) tradsine v, viouesiaier uas () Frangarihauiiag
laodirudniussenindunauaziendnnie

Vo =Vd, +V,d, (3-4)

o

3.2.3 29vsauladunauuuin-ya Un-yarauiosines

Lo, M o+ ;
[ *i - :
RO I :
t i dl o ON | OFFE ;[
I, M, : c——RrRx I, ‘ }
S e w
e i a) OFF |ON|
T ! S NI | T, T T, : T,
“«------- Bt o SRR S

s & .

3-12 19950n-ya Un-yanauoiwes [9] 35U 3-13 Hranainisyinnusesadng [9)
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'mﬁ“lugﬂﬁ 3-12 f929n15v9ull 4 929fe (1) Yraunassne V; vneusgraien (2)
‘IJ'NMQGWT’N”!U‘V{I;G@: (3) Frauvadng V, shawedhadier uag (4) aavgavinausiag Taed
araduiusseniusafuBuauazio ey dFaunsd

Vo= il N+ % £
I-d,-d, ' 1-d,—d,
INNTYINNULAEMIANUFUNUTVDIAIA 9 n1elulasaoueiinasuuuraiy

(3-5)

duwaviaurliafilaldeni vl neiuieuiisugaiauvesisaunseslunsdi
Uaurussiuduwanaziondnaniidy iemduluulsrsasunesinesuuunalsdunnd

wnraudwmsunsihudusunuulunisadauvasnslisumuwesivuana lU

v

AN 3-1 wanamsilSeudisuAdiilufavecasduidadunmaeunioiinesiaans

vmsAalagdeudussiuBunnuaziowmavihiuisansatuy (2) (13) uag (20)

IAITIABUIDSNDT w3y (Lyavi) fadlaida

ouwa 1 | Buwn 2 | wwine | Buwa 1l | Buwm 2

60 60 60 50% 50%

&fn dn 60 30 30 35% 30%

30 30 30 50% 50%

60 60 60 50% 25%

din Un-ya 60 30 30 25% 25%

30 30 30 50% 25%

60 60 60 25% 25%

dn-ya n-ya 60 30 30 20% 20%

30 30 30 25% 25%

IANNTIN 3-1 wiulen WiaSeuiguiuiasun-ya Un-yaneuesines fidns

inszuataeninesdy ibindsnugadsnnnisaindiosninesau

3.3 2993 AT-AY Aoutefinesuuulintiaulaswennsiadesnainiu (Transformer
isolation DC/DC converters)
Tunsunssesuneiweiluvszynaldlunuiideanisussfuedinwavaisseéiu 153

rouniasineinteulduianiniouvasiieliidudiuuennindssninduwaiuiendnauas
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3.3.1 209syauindnaueiinesuarandnuiadnouniasines (Full-Bridge and Half-

Bridge Converters)

QI!LZSDI QlI:— Z:DJ il(t=) l'n L;, iDé(t) mgv\ i(:)
"0 ST (1
— Dz — D4
Qi K" QT
" Ds ’I)G(t)

)
Iz

JUA 3-14 2993yfauiainunaiines [10]

a a 2

ﬁnngﬂ‘ﬁ 3-14 ‘ummmmqmawuaLLanwiaLLUULsauLma%LmU (Center-tapped)
wariidnsduduiusoumsulsugisesuyisgivieasayindu 1 n o Tasnisvie
2992995MUT1UIN (0 < ¢ < DT,) @Ind Q, way Q, UINTeua wIsunnAsaunionlasy
Ugugiiviniu v, Wuralvidwmdenivemioulasdinssiunnasewsiniu ny, duiulelen D
unszuakay D vgatinseua deunluyianan OT, < t < 7, aladundmvigatinssud virlu
ussunnAseumsiBuUam i uUgupivintuaus ludillelon Ds uar Dy wazdiminszua
Wissnsudeveanssuaodine sexluauil 2 (0T, < t < 7)) msvhauasmilaufuluaty
WIN welksunnAsoNutauUasinian st utm Wnalutie 7, < t < T.+ DT, @09 Q, uae Q,
insyud ussuanaseuntauUasiuugugiiviiiu -, Mliussdunnaseunuyiivgll
wiriu nV, lalea Dy Unszua seoanluing (Ty+ DT) < t < 2T, lalen D5 wag Dy tinssud
Snmdatuiionfutie DT, < t < T,
ANHEITUS TEIU TR BUNALAT IO AR AD

V=nDV, (3-6)

v
ot

mﬂgﬂﬁ 3-15 aaaﬁumawmzﬂﬁv“mwuﬁiﬂélﬁmﬁma%w“au%ﬂﬁﬂauwa%ma% It
dntlunsvinuiieansadien InuildnAudse ¢, fu G, undeunufiainddnases vials
reestius e wRBRTaRE 011995 Wauiadraunedined

ANUFURUT TEWI LT UBUNRLAZ LD NRAD

1" =0.51DV, (3-7)
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3.3.3 2993WY-WanoULIBiMa3 (Push-Pull Isolated Buck Converter)
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V=nDV, (3-9)

3.3.4 1asWaBRUARBULIBSIABS (Flyback Converter)
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