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1. INTRODUCTION

The choice of energy source of autonomous power supply
of wireless node becomes a serious problem when the system
has a large number of wireless nodes. Rechargeable batteries
are a convenient solution for wireless devices. They allow
achieving great duration of operation [3]. At the same time
batteries have disadvantages such as long charging time and
limited lifetime.

Supercapacitor as an energy source for wireless sensor
nodes in general case was discussed in [5], but this article is
focused on the specific application of supercapacitor in
wireless node of illumination measurement testbench.

III. LIGHT SENSOR ENERGY CONSUMPTION

The structure of wireless light sensor of illumination
measurement testbench is shown in Fig. 2. Energy
consumptions of each individual element of light sensor are
summarized in Table L.
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Fig.2. Block diagram of light sensor
TABLE I
ENERGY CONSUMPTION OF DIFFERENT NODES AT DIFFERENT OPERATION
MODES
. Low power mode or
Node Active mode
power down
Typ Max Typ Max
Ambient light sensor 0.24mA | 0.6mA 3.2pA 15pA
Transceiver 19mA 23mA 2uA —
Microprocessor 340pA | 550pA 41pA 120pA

It is seen in this table, that RF transceiver is largest energy
consumer of sensor. Microprocessor program must be
prepared so that the RF transceiver is used as less as possible.
Also during inactivity of sensor all nodes should fall into low-
power modes.

IV. ELECTROCHEMICAL DOUBLE-LAYER CAPACITOR AS A
STORAGE OF ENERGY

A. Capacitor Charging Process

It is necessary to limit charging current to protect charger
from overload. There are two protection types of charger:
limiting of capacitor charging current and limiting of input
current of charger. The last one allows accelerating energy
accumulation process (Fig. 9) at higher charger input voltages.
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Fig. 9. 10F supercapacitor charging time at constant charger input current.
B. Duration of Operation

Operation time was calculated and measured for 10F
supercapacitor with 2.5 V nominal voltage. Table III
summarizes the operation time of the light sensor at different
conditions.

TABLE III

COMPARISON OF DURATION OF OPERATION AT DIFFERENT CONDITIONS
Conditions Calculated | Measured

Not Boost Smin, 2s Smin,18s

Duration of optimized SEPIC 4min, 17s | 4min, 46s
operation o Boost 1h, 10min 1h, 15min

Optimized - -
SEPIC 1h, 2min 1h, 3min

VI. CONCLUSIONS

The evaluation of results has shown that the main criterion
for improving energy efficiency and increasing the operating
time of the wireless node powered from supercapacitor is the
optimal algorithm of the device (microprocessor program),
which involves minimal use of the RF transceiver.

Through the use of supercapacitor charging time of energy
storage of the testbench light sensor prototype was reduced to
15-20 seconds (Fig. 9.) The optimized software allowed
increasing operation time to 1 hour and 15 minutes (Table III).

Assessment of relative costs (Table IV) also showed that
use of the ultracapacitors as energy storage for wireless device
is economically profitable.
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[. IEVADS

Bezvadu sensora autonomas baroSanas sistémas energijas
avota izvele klust par nopietnu problému, ja sist€mai ir liels
daudzums bezvadu mezglu. Ladgjamas baterijas ir izdevigs
risinagjums [3], kas lauj sasniegt labus rezultatus darbibas
ilguma zina. Tomer ir arT savi trikumi: ilgs ladesanas laiks un
ierobezots kalposanas laiks.

Superkondensators ka bezvadu mezgla energijas avots
vispariga gadijuma ir aprakstits [5]. Sis raksts ir fokuséts uz
superkondensatoru  konkréta pielictojuma apgaismojuma
uznemsanu bezvadu sensora.

III. APGAISMOJUMA SENSORA ENERGIJAS PATERINS

Apgaismojuma eksperimentalo mérijjumu stenda bezvadu
apgaismojuma sensora struktlira ir paradita 2. att. AtseviSku
elementu energijas patérini ir apkopoti 1. tabula.
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2. att. Apgaismojuma sensora blokshéma.

1. TABULA

ATSEVISKU ELEMENTU ENERGIJAS PATERINS PIE DAZADIEM FUNKCIONESANAS
NOSACIJUMIEM (REZIMIEM)

Elements Aktivais reZims Zema [3_21 teripa
rezims
Parasti Maks. Parasti Maks.
Gaismas sensors 0.24mA | 0.6mA 3.2pnA 15pA
Raiduztvergjs 19mA 23mA 2uA —
Mikrokontrolleris 340pA | 550pA 41pA 120pA
No §is tabulas var redzet, ka lielakais bezvadu sensora
energijas patérétajs ir raiduztvérgjs. Mikrokontrollera

programmai ir jablt optimali izstradatai, lai raiduztvergja
mezgls biitu izmantots p&c iesp&jas retak.

IV. SUPERKONDENSATORS KA ENERGIJAS UZKRAJEJS

A. Kondensatora ladésanas process

Lai pasargatu ladeSanas ierici, ir nepiecieSams ierobeZot
kondensatora ladésanas stravu. Pastav divas aizsardzibas
iespgjas: kondensatora ladeSanas stravas ierobezoSana un
ladesanas iekartas ieejas stravas ierobezoSana. PEdgjais
variants lauj paatrinat energijas uzkraSanas procesu (9.att.) pie
paaugstinata 1adesanas iekartas ieejas sprieguma.
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9. att. 10F superkondensatora lad€Sanas laiks pie konstantas ieejas stravas.

B. Darbibas ilgums

Darbibas laiks tika rékinats un eksperimentali uznemts 10F
liclas kapacitates superkondensatoram ar 2.5 V nominalo
spriegumu. 2. tabula apkopo darbibas ilgumu pie dazadiem
apstakliem un dazadam konfiguracijam.

3.TABULA
DARBIBAS ILGUMA SALIDZINAJUMS PIE DAZADIEM APSTAKLIEM
Konfiguracija Aprekinatais | Uznpemtais
Bez Boost Smin, 2s S5min,18s
Darbibas | OPtimizacijas | SEPIC 4min, 17s | 4min, 46s
ilgums Ar Boost 1h, 10min 1h, 15min
optimizaciju | SEPIC 1h, 2min 1h, 3min

VI. SECINAJUMI

Rezultatu novertésana rada, ka galvenais bezvadu sensora
energoefektivo raditaju uzlaboSanas kriterijs (kas ievérojami
palielina darbibas ilgumu, ja energijas uzkrajgjs ir
superkondensators) ir optimalais ierices algoritms, kas paredz
minimalo raiduztvérgja modula izmantosanu.

Pateicoties superkondensatora izmanto$anai, apgaismojuma
sensora prototipa energijas uzkrajéja ladéSanas procesu ir
izdevies samazinat lidz 15- 20 sekundém (9. att.). Optimiz&tais
programmnodroSinajums lauj palielinat darbibas laiku ar 10F
superkondensatoru I1dz 1 stundai un 15 mintteém (3.tabula).

Relativo izmaksu analize (Tabula IV) ir paradijusi, ka
superkondensatoru izmanto$ana ir arT ekonomiski izdeviga.
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1. BBEJIEHUE

Korna cucremMa HMeeT GosbiIoe KOJINYECTBO
0ecHpOBO/IHBIX y3JIOB, BBIOOpD HCTOYHHMKA OSHEPIHU JUIA
AaBTOHOMHOI CHUCTEMBI NHTaHHS OECHpPOBOJHOIO CEHCOopa
CTaHOBUTCS  cepo3HOi  mpobGiemoii.  Ilepesapspkaemplii
aKKyMyJISITOp SIBIISIETCS XOpOIIMM peuieHueM [3], KoTopoe
MIO3BOJIAET JTOOMTHCS TNPOAOJDKUTENIBHOIO BPEMEHHU paboTHI.
OnHaKo ecTh M CBOM HENOCTaTKH: HPOJODKHTENBHOE BpeMs
3apsIIKU U OTPAaHUYCHHBIN CPOK CITYXKOBI.

HoHucTop Kak UCTOYHHMK SHEPTUM OECHpPOBOAHOTO y3ia B
obmem ciyyae paccMotrpeH B [5].  [aHHas  crTaThs
cpokycHpoBaHa Ha KOHKPETHOM NPUMEHEHHH HOHHCTOpPA B
6eCrIpOBOAHOM CEHCOPE 3aMEPOB OCBEICHHOCTH.

III. ITOTPEBJIEHUE SHEPTUH CEHCOPA OCBEILIEHHOCTH
Crpykrypa  OECmpoBOZHOrO  CEHCOpa OT  CTeHHa
9KCIIEPUMEHTAIBHBIX 3aMEPOB OCBEIICHHOCTH ITOKa3aHa Ha
Puc. 2. TlorpeGiieHne 3HEpruu OTIEIBHBIX Y3J10B 0000IIEHHO
B Tabnune .

N —I°C SPI N
\ ATbﬁ"t Micro- RF
Se'f,’so, processor Transceiver
| I
P l Volt
S oltage
1 Charger 1™~
o 98T 1 Regulator

Puc. 2. biiok-cxema CEHCOpa OCBECIICHHOCTH.

TABJIMLIA 1
TIOTPEBJIEHUE SHEPTUU OTJEJBHBIX Y3JI0OB ITPU PASHBIX PEXXUMAX PABOTBI

AKTHBHBII Pe:xnm HU3KOTO
DJieMeHT
pexum JHEPronoTpedIeHus
O6viuno | Makc. Oo6vtuno Makc.
CeHcop OCBENEHHOCTH 0.24mA | 0.6mA 3.2uA 15pA
ITpuémonepenaruuk 19mA 23mA 2uA —
MHUKpOKOHTpOILIEp 340pA | S50pA 41pA 120pA

U3 3T0i1 TabauIIbl BUAHO, YTO MPUEMOTIEPENATUHK SBIISETCS
HanOOJIbIINM HOTpeduTeneM SHEPrUH. IIporpamma
MHUKpPOKOHTpOJIJIepa JIOJDKHa OBITh  pa3paboTaHa 4TOOBI
IIPUEMOTIEPEaTIMK UCTIONB30BAJICS KAK MOXKHO PEKe.

IV. MIOHUCTOP KAK HAKOITUTEJIb SHEPT N

A. Ilpoyecc 3apsaodku uonucmopa

CymiecTByIOT [Ba croco0a 3amiuThl: OTPaHUYCHHE TOKa
3aps/IKH  HMOHHCTOpAa M OrpaHHYEHHE BXOJHOTO TOKa
3apslHOTO  yCTpoiicTBa. B mocnenHem cimydae MOXHO
nobutscst Gonee OBICTPOro mpolecca 3apsAAKH HOHUCTOPA
(Puc. 9), npu NMOBHINICHUH BXOJHOTO HANPSDKEHUS 3apsHOTO
YCTPOMCTBA.
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Puc. 9. Bpems 3apsiiku KoHzeHcaTopa eMKOCThio B 10 @ npu mocTossHHOM
BXOJTHOM TOKE 3apsTHOTO yCTPOHCTBA.
B. IIpooonacumenvrocms pabomsr
[ponomxutenbHOCTs  paboThl  ObLIa  paccuuTaHa U

9KCIEPHUMEHTAIILHO 3aMEpeHa MPH UCIIOIB30BaHIH HOHUCTOPA
emkocThio 10 @ u HOMMHaANBPHOM HampsbkeHMH B 2,5 B.
Tabmuua 111 060011aeT noydeHHbIe JaHHbIE.

TABJIMLA 11T
TIPOJIOJDKUTEJIBHOCTD PABOTBI ITPM PA3BHBIX KOHOUTYPALIMSX
Kondurypauus Pacuer H3zmepennoe
P E——— Boost Smin, 2s S5min, 18s
Bpems 5 SEPIC | 4min, 17s | 4min, 46s
paboTs! R v—— Boost 1h, 10min | 1h, 15min
! SEPIC | 1h,2min | 1h, 3min
V1. BbIBO/IbI
OHeHKa TMMOJTYYCHHBIX  PC3YJIbTATOB IIOKAa3bIBA€T, YTO
TJIaBHBIM KpUTEpUEM YTy dIIeHUsS rmoKa3zaTeneit

9HeprodGGEKTUBHOCTH (UTO SBJIAETCA KPUTHUHBIM MpPH
WCIIOJIb30BAHIY HOHHUCTOPA B KAYECTBE HAKOIHUTENS SHEPTHHN)
Ui OeCrIpOBOIHOTO  CEHCOpa  SIBIISIETCS  ONTHMAIbHBIN
QJITOPUTM PabOTHI YCTPOHCTBA.

brnaronmapsi WCIONB30BaHUIO HOHUCTOpPAa BpeMs 3apsaKd
HAKONHUTENS DSHEPrHH JUIS NPOTOTHIIA CEHCopa YIaloCh
yMmeHbpmuTh 10 15-20 cexynn (Puc. 9). OntumusupoBaHHOE
[pOrpaMMHOE 00eCIeYeHHE IO3BOJISICT YBEJIMYUTH BpPEMs
pabotsl 10 1 4. 15 mun. (Tabmuua III).

VonucropoB B IaHHOM ciydae SIBISETCS SKOHOMUYECKHU
ob6ocHoBaHHbIM (Tabnuua IV).
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