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tBattery powered sensor nodes 
an serve for very lit-tle life time. Prior studies have been done to im-prove the life time of the node by e�
iently utiliz-ing the battery power. Energy-harvesting, 
onvertingthe ambient energy to ele
tri
al energy, has emergedas an alternative to power the sensor nodes. Withthe in
rease of the e�e
tive energy per day from theharvesting module, we have opportunities to tunethe sensor node parameters. We have studied aboutthe most suitable ambient sour
e and 
ame up withthe design to develop a hardware to get the energyfrom the sour
e. We have been doing some initialmeasurements about the energy harvested from thesour
e and used by the appli
ation with the use ofthe hardware we designed. With the use of all thismeasurements, in the later part of the paper we willpropose an energy-aware algorithm for the 
ontrol-ling the transmit power parameter for in
reasing thee�
ien
y of the sensor node.1 Introdu
tionWireless Sensor Networks (WSNs) are widely usedin today's world. Signi�
ant WSNs deployment in
ivilian appli
ations is observed as sensors are morepowerful, smaller and less expensive. A large num-ber of sensors 
an be deployed in both friendly and

harsh environments without any 
ommuni
ation linesto periodi
ally sense and transmit data to the sinkor base station. There are appli
ations like Habitatmonitoring[22℄ - environmental monitoring in wild-life habitats like Great Du
k Island and James Re-serve, to study weather 
onditions and animal migra-tory patterns, Vol
ano monitoring[29℄ â network ofseismometers used in a time-syn
hronized and event-triggered manner to measure vol
ani
 a
tivity, Stru
-tural monitoring[20, 4℄ - BriMon, a sensor network todete
t in
oming trains and measure the for
ed andfree vibrations of a bridge; and Vehi
le tra
king[16℄- sensors pla
ed along or on roads, and on vehi
les,dete
t road, tra�
 and environmental 
onditionsâin-formation whi
h 
an be used to warn drivers of poten-tially dangerous 
onditions or to inform about traf-�
 
onditions for better route planning. We don'thave enough a

essibility of the sensors to 
hangethe batteries and the life of the node simply de-pends on the life of the battery and power 
onsump-tion rate of the sensor. These kind of appli
ationsgive very important information about the pla
es andlife style of animals through very simple implemen-tations. Some studies have proposed very good so-lutions te
hniques for utilizing the life of the bat-tery power sensor nodes. Some of the improvementin
ludes energy-aware MAC proto
ols (SMAC [30℄,BMAC [24℄, XMAC [3℄), power aware storage, rout-ing and data dissemination proto
ols [9, 12, 5℄, duty-1




y
ling strategies [7, 6℄, adaptive sensing rate [21℄,tiered system ar
hite
tures [8, 17, 18℄ and redundantpla
ement of nodes [28, 19℄ to ensure 
overage guar-antees.After this all optimizations still we have the bat-tery as a 
onstraint the life of the node. The so-lutions to enlarge the life of the battery is done byde
reasing the power wasted in the path �nding ofrouting a pa
ket, by de
reasing the duty 
y
le thenode 
an be more in the power saving mode andonly be a
tive when there is sensing is needed to bedone. Some proposals suggests about 
hanging theMAC proto
ol su
h that the pa
ket size is de
reasedand we need to send the less number of bytes overthe wireless medium - de
reasing all the possibilitiesof energy wast through wireless 
ommuni
ation. In-spire of all this optimizations the life of node is stilldepends on the life of the battery, the bigger the bat-tery more the life the node have, and when the bat-tery dies the node be
omes useless. Major deploy-ment of this appli
ations are in the region where you
an not get the nodes ba
k and put them ba
k bysimply 
hanging the batteries. The solution to thisproblem is we need to gather the energy from theambient resour
es and store it the re
hargeable bat-teries and use them for the operations of the appli
a-tion. Currently, some resear
hes are going on for us-ing the ambient sour
es to 
onstantly supply energyto the sensor node. Some of the deployments su
h asHydrowat
h[2℄, Prometheus[13℄, Heliomote[14℄, So-larBuis
uit has been an initial steps in the same di-re
tion. So now we have all the optimizations algo-rithms and we have additional harvested energy forfurther more optimizations so we need some of themodi�
ations in existing proposals.de�nitionWe will try to improve the e�
ien
y of the sensornode by addersing the following importan
t aspe
ts.This entire report is divided in 3 verti
als: 1) Wedesign a simple 
ir
uit whi
h will harvest the energyfrom the solar panel. 2) We 
ondu
t measurementstudy on the amount of energy harvested from har-vesting module. 3) We will propose an algorithm fortuning the transmit power based on the above study.

Energy Sour
e Chara
teristi
sSolar Ambient,Un
ontrollable,Predi
tableWind Ambient,Un
ontrollable,Predi
tableRF Energy Ambient, Partially
ontrollableBody heat,Exhalation,Breathing and BloodPressure Passive humanpower,Un
ontrollable,Unpredi
tableFinger motion andFootfalls A
tive human power,Fully 
ontrollableVibrations in indoorenvironments Ambient,Un
ontrollable,Unpredi
tableTable 1: Energy Sour
esThe rest of the paper is organized as follows, Se
-tion 2 des
ribes some of the previous work in the samedomain, Se
tion 3 des
ribes about our initial steps,that we have taken to address the �rst verti
al of oursolution. In se
tion 4 we will present some of the re-sults that we got from the experiments. In se
tion 5we will dis
uss about the 
urrent status and futurework.2 Literature SurveyThere is lot of work done in improving the life of thenode by optimizing the parameters that a�e
ts thepower 
onsumptions of any sensor node.2.1 Related workThere are verity of the ambient sour
es that 
an beused to harvest the energy from like Solar, Wind, RFEnergy, Body Heat, Exhalation, Breathing, BloodPressure, Finger motion, Foot Falls, Vibrations inindoor environment. But the initial study in identi-fying the most suitable energy sour
e whi
h provides2



fa
ility to predi
t the availability of the energy, andthe amount of energy that 
an be harvested. FromTable 1 we 
ame to 
on
lusion that the most suit-able energy sour
e is solar energy whi
h 
an be easily
onvertible to ele
tri
al energy and also satis�es other
onditions. The solar energy is not available in theperiod where the sun is not in the sky we need to storethe energy gathered in the day time whi
h 
an beused to give supply the node at night. Now we haveto 
hoose the energy storage me
hanism(battery) tosuite the 
onditions that we have. In the study ofthe di�erent storage me
hanism shows that the Lionbatteries have high energy density, power density, Ef-�
ien
y, re
harge 
y
les and low dis
harge rate. butthe 
harging te
hnique used to 
harge the Lion bat-tery is very 
omplex so we are 
on
entrating on thenext best batteries,NiMH battery, whi
h doesn't re-quire the 
omplex 
ir
uit and also relatively batter
hoi
e in terms of the other parameters.2.2 Study of solar harvesting modelsAs we have 
ome to the 
on
lusion that the solarenergy is the most suitable energy that 
an be har-vested for the approa
h that we are interested in wehave studied some related work that have been im-plemented with the use of solar panels.2.2.1 Hydrowat
hHydrowat
h is an appli
ation setup designed and de-ployed by Jay Taneja, Jaein Jeong, David Culler atBerkeley for getting the information about the 
li-mate 
hanges in the woods. They have also testedthe setup in the open ground. They have imple-mented the system on Telos motes. Figure 1 showsthe ar
hite
tural diagram of the Hydrowat
h node.Hydrowat
h uses a solar panel of area 2.3 in
hes x2.3 in
hes whi
h outputs 88.74mA at a voltage of3.11V whi
h is used to 
harge two NiMH batteries.The batteries are 
harged by tri
kle 
harging methodwhi
h requires very simple 
ir
uit. The input regu-lator is 
onne
ted to the solar panel whi
h boost-upor bu
k down the voltages based on the solar panelis giving. Cir
uit also require some diodes to stopthe 
urrent �owing in reverse dire
tion when the sun

Figure 1: Ar
hite
ture of the Hydrowat
h Node [2℄is not present. similarly the boost 
onverter is re-quired to empower the mote from the battery. TheEnergy 
olle
ted from the solar panel is measured bythe small 
ir
uitry, and also the amount of energyused by the mote is also measured. The data are 
ol-le
ted of how mu
h energy is 
olle
ted in a day andhow mu
h energy is used in 24 hours. The measure-ments suggests that the node requires the 79 mWh ofenergy per day and the least amount of energy whi
his gathered by one mote is also greater them whatis required. Hydrowat
h 
on
ludes that in normal
ondition based on the position on the earth and thesun's movement on the sky we 
an predi
t the energythat 
an be gathered by the solar panel and we 
anoptimize the parameters.2.2.2 HeliomoteHeliomote is also harvests the energy from the so-lar panel and uses that for the 
harging the batter-ies. Figure 2 shows the ar
hite
ture of the Heliomotenode. This model uses a solar panel of area 3.75in
hes x 2.5 in
hes whi
h outputs 60mA at a volt-age of 3.3V. They have implemented the system onthe Mika2[1℄ mote. The power from the solar panelis 
harging 2 NiMH batteries. The under
harging ofthe NiMH batteries a�e
ts the performan
e of thebattery even over
harging of the battery leads to the3



Figure 2: Heliomote Ar
hite
ture

Figure 3: Prometheus Ar
hite
ture [13℄battery instability, so they have designed the 
ir
uitsu
h that the under
harging the over
harging of thebatteries is prevented.The mote also measures the en-ergy, the energy monitor keeps 
he
king the energyused and spent. Heliomote paper 
on
ludes by themathemati
al analysis that if the energy gathered ina unit time is more energy used in a unit time thenthe node 
an sustain.2.2.3 PrometheusPrometheus is having the double storage sour
es.The primary sour
e is a super 
apa
itor whi
h is di-re
tly 
harged from the solar panel. As we don't needany spe
ial 
ir
uit for 
harging the 
apa
itors. Whilethe Lion battery needs pulse 
harge whi
h is very wellprovided by the 
apa
itors. So the entire 
harging 
ir-


uit is working as follows, The solar panels 
hargesthe super 
apa
itors with the highest voltages and
urrent gathered from the sun, when the 
apa
itorsare su�
iently 
harged they sends a pulse of 
hargewhi
h 
harges the Lion Battery. When the sun is notup in the sky the 
apa
itors are �rst 
hoi
e to usethe energy from, and when the 
apa
itors are out of
harge the mote gets the energy from the se
ondarysour
e(Lion Battery). This gives the advantage ofde
reasing the number of the dis
harge 
y
les of these
ondary battery whi
h has less number of 
harging
y
les. While the primary storage sour
e is the 
a-pa
itor whi
h is having far more number of re
harge
y
les then that of any battery te
hnology available.This give the advantage of the shallow dis
harge 
y-
les 
aused by a 
loud or some instantaneous lake ofpower supply from the solar panel. The main advan-tage of the Prometheus node is it is able to a
hievethe maximize the battery 
apa
ity while having thelowest self-dis
harge rate of the battery, so the mote
an utilize the maximum e�e
tive energy. And theLion battery is 
harged from the super 
apa
itor sowe 
an have big 
apa
ity battery atta
hed.From the above study, we 
on
lude that thereare many possibilities of the designing of the 
ir-
uit. The harvesting 
apa
ity and the life of the nodealso 
hanges with the design and the ambient sour
eof energy from whi
h we are harvesting the energy.Hydrowat
h is having simplest design of 
ir
uit andthe solar panel is 
harging the battery with tri
kle
harging method whi
h is e�
ient use of the avail-able energy, but the problem with the Hydrowat
h isthe batteries are hardly utilized by the node appli-
ation so the batteries goes under shallow dis
harge
y
le whi
h is a�e
ting the battery e�
ien
y over aperiod of time. Heliomote over
omes this problemwith having the over
harging and under
harging 
ir-
uit added to the design, but here also the problemremains about the utilization of the battery 
apa
ity.These two designs has only one battery as the storageso be
ause of this any small fra
tion of the time whenthe harvesting is stopping the battery starts dis
harg-ing whi
h 
auses that bigger problem. this problemwas taken 
are by the Prometheus paper design theyhave used two energy storage sour
es to address thisproblem. By this design the se
ond battery goes is4



Figure 4: Ar
hite
ture of an energy harvesting nodedis
harge 
y
le only when the primary sour
e is 
om-pletely out of energy. We 
ame to 
on
lusion thatthe Prometheus 
harging design is very optimized interms of energy utilization and maintaining batterye�
ien
y, but it has very 
omplex 
harging 
ir
uitdesign. We 
hoose to go for NiMH battery as thestorage sour
e and design the Hydrowat
h 
ir
uit isone of the good designs and we are fo
using on usingthe entire deep 
y
les to utilize the full battery 
a-pa
ity of a re
harge 
y
le the shallow dis
harging isnot problem to us. The sele
tion of ambient sour
eis also a big solution designing 
riteria, as we havestated earlier the solar energy is the easiest and mostsuitable energy sour
e to harvest the energy from.We will des
ribe more about the design in the nextse
tion.
3 Approa
hAs our entire areas of interest are divided in to 3 dif-ferent verti
als we have de
ided to approa
h them oneafter another. So �rst of all we have de
ided to workon the �rst domain whi
h in
ludes the 
hara
teriza-tion of the solar panel whi
h we will be using for theexperiments and design a 
ir
uit for harvesting theenergy from that.

3.1 Design of Solar-Harvesting Mod-uleThe design of the 
ir
uit is greatly in�uen
ed by theHydrowat
h paper 
ir
uit design and will improve thedesign if any requirement arises. We have designedthe 
harging 
ir
uit for the NiMH batteries that 
anbe used to 
harge the batteries keeping tra
k of thehow mu
h energy is transferred from the solar panelto the battery and how mu
h also how mu
h energy isused from the battery when the battery is not being
harged from the solar panels. The 
ir
uit 
ontainsthe monitor module that monitors how mu
h 
urrentis passed through it and at what voltage. There arealso two diodes in the 
ir
uit whi
h 
ontrols the 
ur-rent �ow of the 
ir
uit, and we are using Telos motefor 
olle
ting and pro
essing the sensed data. Fol-lowing des
ription about ea
h module and how it is
onne
ted the the 
ir
uit. The node is mainly main-taining 3 parts 1) energy harvesting & 
harging mod-ule 2) monitoring module 3) data pro
essing module.3.1.1 Cir
uit DesignFirst module is energy harvesting and 
harging mod-ule. It is responsible of the harvesting the energyfrom the solar panels and 
harge the batteries. Wealso need to take 
are of the batteries that the 
urrentdoesn't �ow in the reverse dire
tion to the solar paneldis
harging the batteries. This 
omponent 
ontainsthe 2 diodes for preventing this s
enario to o

ur.The ar
hite
ture of the 
harging 
ir
uit is show inthe Figure. As shown in �gure the diode 1 is respon-sible for letting the 
urrent �ow from the solar panelto the battery while the 
harging the batteries, butwhen the 
harging is not happening then the 
urrent
ant �ow in the reverse dire
tion. The se
ond zenordiode is 
onne
ted in the reverse bias to hold the volt-age of the solar panels to 3 V, so when the solar panelis generating more voltages then the 3 V the diode
uts down the voltage to 3 V.Se
ond module, Monitor Module, is the 
omponentthat 
onstantly senses the voltages and 
urrent �ow-ing through the 
ir
uit. We have used the ZXCT 1010
hip for sensing the 
urrent in the 
ir
uit. ZXCT 1010gives the value of 
urrent �owing through the load by5



Figure 5: Monitor Module
onne
ting the Vsense resistan
e of the 
ir
uit in theseries. The 
urrent monitor gets the voltages a
rossthe Vsense and generates the appropriate voltages atthe Iout point. We 
an get the voltage at Iout pointwhi
h maps to the appropriate 
urrent reading withfollowing equations.
V sense = V in − V load

V out = 0.01 ∗ V sense ∗ Rout

V sense = Isense ∗ RsenseHere the values of Vsense and Rout 
an be sele
tedas per our requirements of the voltage range. Here0.01 value in the se
ond equation is the be
ause of theinternal 100 ohm resistan
e. We have 
hosen Rsenseas 0.1 ohm to de
rease the series resistan
e as mini-mum as possible so that the a
tual load 
an get useof the maximum voltages available. We 
hoose Routas 1000 ohm so when ever the 
urrent passes throughthe 
ir
uit and we get equivalent voltage at the Ioutby applying the above formula we 
an get the Isensevalue whi
h is nothing but the 
urrent passes throughthe load be
ause Rsense is in series with the load.The voltage a
ross the load 
an also be measured bygetting the voltage di�eren
e between the to pointsof the load. As the maximum voltage range that 
anbe measured by the the Telos mote is 2.5 V, We have
onne
ted the two 1000 ohm resistan
e parallel tothe load and measured the voltage a
ross one of theresistan
e and doubled the value to get the a
tualvoltage. There are two Monitor Modules as the partof the 
harging 
ir
uit where one of the module is


onne
ted between the solar panel and the batter-ies and the se
ond module is 
onne
ted between thebatteries and the load. The �rst module is 
olle
t-ing data of the 
urrent and the voltages as what the
harging is done at the time sun is up in the sky andbased on that we 
an 
al
ulate the amount of energygathered from the solar panel to the batteries. These
ond module is 
olle
ting the data of the energywhi
h is used by the load from the batteries or fromthe solar panel. So by taking the di�eren
e of theboth the energy 
al
ulations we 
an 
al
ulate the a
-tual amount of the energy the batteries have at anyparti
ular instan
e of time.Third module is data 
olle
tion and pro
essingmodule, we used the Telosb mote as the pro
essingmodule. Telos is an ultra low power wireless sen-sor module (�mote�) for resear
h and experimenta-tion. Telos is the latest in a line of motes devel-oped by UC Berkeley to enable wireless sensor net-work (WSN) resear
h. Telos' new design 
onsists ofthree major goals to enable experimentation: mini-mal power 
onsumption, easy to use, and in
reasedsoftware and hardware robustness. The hardware
omponents are sele
ted and integrated in order toa
hieve these goals. The mote is having Texas In-struments MSP430 mi
ro-
ontroller, Chip
on IEEE802.15.4-
ompliant radio, and USB for interfa
ing.We are using the ADC pins for getting the data fromthe Monitor Module. The ADC pins are used for
olle
ting the voltage and 
urrent readings from the
ir
uit as the voltage di�eren
e between ground pinand ADC pins. We have done only the initial mea-surements so we have used very simple setup for theimplementation and generating the required data. Sowe have used two Telosb motes one mote is sens-ing the data from the sensors via ADC 
hannels andsends that to base-station whi
h is one more mote
onne
ted to the server 
olle
ting and logging thedata on a 
omputer.3.1.2 Solar PanelsA photo-voltai
 module or solar panel is a pa
k-aged inter
onne
ted assembly of photo-voltai
 
ells,also known as solar 
ells. Solar Panels use light en-ergy (photons) from the sun to generate ele
tri
ity6



through photo-voltai
 e�e
t. The ele
tri
al 
onne
-tions 
an be made in series to a
hieve a desired out-put voltage and/or in parallel to provide a desiredamount of 
urrent sour
e 
apability from the solarpanel. There are 3 di�erent kind of the solar panels,mono-
rystalline solar panels, poly
rystalline solarpanels and amorphous solar panels. We will be usingamorphous solar panels for our study. These typesof solar panels have lower e�
ien
y then the othertwo types of solar panels but they are the 
heapestto produ
e, and the one and most important advan-tage of amorphous solar panels over the other two isthat they are shadow prote
ted. That means that thesolar panel 
ontinues to 
harge while part of the solarpanel 
ells are in a shadow. Our initial experimentsuses two VEGAKIT1 modules of the solar panel oftype GESPM01 of size 3.25 in
h X 2.25 in
h whoseratings are 3V / 150mA, Vo
2 is 3.6V and Is
3 is165mA.We have built the 
ir
uit that 
an monitor the volt-age and the 
urrent �owing through any two pointsof the 
ir
uit, and we 
an also 
harge the batterieswith it. we will be using the GPS module whi
h willbe running as an appli
ation as load and we will dosome of the measurements with it. We have triedto do some if the initial experiments with the SPK-GPS-GS405 Module but there were some issues re-garding the data 
olle
tion and parsing the 
olle
teddata as per the requirements so we have used simpleresistan
e as the load as of now for performing anyexperiments. We will be using the GPS module inour future implementations.3.2 Sensor Module Energy Ben
h-markingAs we have built the 
ir
uit we have performed someinitial experiments for verifying the di�erent 
ompo-nents of the 
ir
uit. We have also built one small
ir
uit to 
hara
terize the solar panels. As our re-quirement of the voltages is mat
hing with the solarpanel voltages we have 
onne
ted the panels in par-allel so that they gives the voltage as 3V but gives1www.vegakitindia.
om2Open Cir
uit Voltage3Closed Cir
uit Current

Figure 6: Setup for 
hara
terizing solar panel.the total 
urrent 
olle
ted from both the panels. The
hara
teristi
s of the panel is generated by plottingthe voltages Vs Current graph. This plot gives theveri�
ation about the ratings whi
h are given by the
ompany. We have got this 
on�gurations by do-ing an simple experiment on the solar panel. TheExperimental setup is shown in Figure . We have
onne
ted the solar panels in parallel to get the max-imum 
urrent possible from the panels keeping thevoltage at 3V. we are sensing the voltages and 
ur-rent with the 
ir
uit that we have built for taking themeasurements of the energy. The X axis of the graphis 
urrent generated from the 
ir
uit at a parti
ulartime and Y axis is the voltage. From th �gure whenwe in
rease the resistan
e R, by going short 
ir
uitto open 
ir
uit we get di�erent voltage and 
urrentfrom the solar penal. The plot 
onforms that thewe 
an get the maximum voltage 3V from the solarpanel and as the ZXCT 1010 has the limitation thatit 
an not generate the voltages bellow 1.25 V. Forgetting the 
orre
t results we have performed the ex-periments only from 1.5V to maximum voltage givenby the solar panel. We 
an see from the graph thatthe solar panel is generating the 320 mA 
urrent at1.5V and if we extend the graph further it will rea
hto at-least 330 mA whi
h is expe
ted. There is onemore 
hara
teristi
 of the solar panel is the MPP4,Whi
h tells the maximum power that 
an be gen-erated from the solar panels, and we 
an built the4Maximum Power Point7
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hara
teristi
s of the Solar Panelsintelligent 
ir
uit for keeping the 
ir
uit working onMPP, but as we are worried about that at this pointwe 
an implement MPPT5 in the future part of thiswork.Based on the logs whi
h we get from the sensornodes we 
an 
al
ulate the energy generated from thesolar panel and used by the load. From the Figure we
an see that the ADC0 and ADC1 pins are 
olle
tingthe data that how mu
h energy is harvested fromthe solar panel and the ADC2 and ADC3 pins are
olle
ting the data about how mu
h data are beinguse by the load. So by getting this information. we
an 
al
ulate the amount of energy 
olle
ted in thebatteries at any parti
ular instan
e of time. generallyenergy is 
al
ulated in the kWh units but as we havethe energy generated in very low values we will bemeasuring the energy in mWh. As the V-I graph saysthat we are getting the 
urrent in mA and voltages inV, following is the equation for 
al
ulating the energyfrom the data.
Energy(mWh) = [V oltage(V ) ∗ Current(mA) ∗

T ime(s)]/3600From this equation we 
an 
al
ulate the amountof energy generated by the solar panels and amountof energy use by the load so by the di�eren
e we 
an5Maximal Power Point Tra
king

get the amount of energy stored in the batteries. This
olle
tion of the energy repeats on the period of a dayso we 
an 
al
ulate the amount of energy 
olle
ted ina day and if the other fa
tors doesn't 
hange we 
analso predi
t the amount of energy we will be re
eivingthe next day.The energy graph 
an be plotted of a period of aday for getting the results of how mu
h of energy isgenerated and used by the load in a day and this pat-tern repeats with minor 
orre
tion over period of timewith the 
hange in the seasons. The amount of energygenerated from the same solar panels also 
hangeswith geographi
al lo
ation of the deployment. Thereare also other fa
tors a�e
ts the energy gatheringfrom the solar panel. The weather 
onditions - in asunny day you will be getting the maximum amountof energy but in 
loudy weather the amount of energygathered de
reases. The Hydrowat
h paper pointsout one results by saying that in a fairly 
loudy daythe node in the woods gets more energy then that ofthe sunny day be
ause of the di�usion e�e
t. Theorientation of the solar panel also a�e
ts the energygathering. the dust on the solar panel and if the oneof the solar panel 
onne
ted in series 
onne
tion getsdamaged makes big impa
t on the amount of energygenerated by the solar panel.3.3 Algorithm for transmit power
ontrolThe optimization of the energy 
onsumption 
an bedone by 
hanging many parameter of the wireless
ommuni
ation 
omponents. We have 
hosen thetransmit power be
ause the majority of the power
onsumptions is done by the radio via transmittingthe messages. So if we 
an implement some of the al-gorithm that 
an optimize the transmit power. Nowas we have now the additional harvested energy we
an batter utilize the energy gained by the solar har-vesting module. We have not yet done any su�
ientprogress in this area but we had some literature sur-vey and here is the summary of what we have learned.The 
hange of any parameter like what we havedis
ussed earlier will 
ause the 
hange in the otherparameters or a�e
ts the e�
ien
y of overall per-forman
e. So by 
hanging the transmit power also8




hanges some of the aspe
ts of the wireless 
ommu-ni
ation.
• Transmitting data at high power may redu
e thenumber of hopes required to rea
h its destina-tion. How ever it will 
ause more interferen
eto the other nodes in the region. Moreover, mynode is already having limited power so the 
ol-lisions are not a

eptable.
• If we minimize the transmit power it will in
reasethe bit error rate whi
h leads to more number ofretransmission of the same data.
• As we have the energy limited to the battery
apa
ity and we also predi
t the next re
harge
y
le of the 
harging pro�le we 
an very well 
on-sider one 
omponent as the next re
harge timeand 
an optimize the transmit power parameteras per the available energy.
• Generally the routing table of the stati
 nodesare not 
hanging as mu
h so some of the papersalso dis
uss the transmit power by assuming thestati
 routing table, but as we have not the en-ergy as one more 
omponent of interest if thebattery 
apa
ity of the node is not su�
ient thenode will not a

ept the pa
ket and will behavelike dead node whi
h will be live on
e it has theenough amount of energy harvested from the sunnext day. By this s
enario even if the network isstati
 we will be having the 
hange in the routingtables.4 ExperimentsWe have done some of the initial experiments as thepart of tou
hing the se
ond verti
al of our work. Wehave gathered some of the initial data about the bat-teries and the solar panel that we have used. Follow-ing are the experiments that we have performed.4.1 Battery measurementsAs we are using the re
hargeable NiMH 1.2V batter-ies of 
apa
ity 2050mAh ea
h. We have preformedthe experiment for 
he
king the total energy that 
an
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Figure 8: Dis
harging of the Batterybe stored in the batteries. For getting the total 
apa
-ity of the batteries we have 
harged the batteries fromthe normal 
harger having the over
harging prote
-tion. After keeping the batteries for 
harging about10 hrs we have kept them for 1 day for best perfor-man
e. After that we have 
onne
ted the 35 ohm ofthe resistan
e and 
olle
ted the voltage and 
urrentfrom the basi
 
urrent monitor 
ir
uit that we builtand plotted the energy. Figure 8 gives data 
olle
tedfrom the sensors. The graph shows that the batter-ies 
an give the 2.5 V, be
ause of the 
onne
ted inseries, for entire period of the time when the batter-ies are dis
harged then the voltage goes down to the1 voltage, whi
h is the 
hara
teristi
s of the NiMHbatteries.4.2 Solar Panel on the window fa
ingthe sunset.The experiment is performed at the window fa
ingthe west side so we will not be able to get any sun-light until afternoon, the experiment shows that wewill get the immediate in
rease in the 
urrent whenthe sun rays falls on the solar panel and then whenthe time passes by the 
urrent value de
reases withthe time but still the voltage remains above 2.7V evenwhen we are getting very low 
urrent. The spikes in9
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Figure 9: Window fa
ing west side of the building -voltage and 
urrent.the experiment results are be
ause of the few 
louds.When ever the 
loud 
overs the sun there is suddende
rease in the 
urrent we are not fa
ing any shadowe�e
t here be
ause there is no spot lighting happen-ing the window is widely fa
ing the sun after the noontill the sun set. At the end of the day we are ableto get around 1600 mWh of energy harvested fromthe solar panel to the batteries, whi
h is near to thetotal amount of energy gathered in a day by the high-est gathering node of the Hydrowat
h paper. Fromthis we 
an say that we have got the 
orre
t readingsbe
ause the highest amount of the 
urrent they aregetting at the same voltage is 80 mA while we areable to get 250 mA at the noon.4.3 Experien
es with the Experi-mentsFollowing are some experien
es whi
h we would liketo share with designing the H/W and measurementswith solar panel.
• We have started our approa
h by designing the
ir
uit of the 
urrent monitor and then expandedit to the 
harging 
ir
uit. Our main goal to de-sign the 
urrent monitor is to get the 
urrent
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Figure 10: Window fa
ing west side of the building -Energyratings in the voltage referen
e be
ause the ADCpins of the Telos mote 
an only sense the voltagedi�eren
e with referen
e to the Gnd pin on theTelosb mote. So we 
hoose ZXCT 1010 as the
urrent sensors.
• There were also issues with the sele
tion of theRsense and the Rout for getting the 
orre
t read-ings and maintaining the highest e�
ien
y of thebe
ause the more energy wested in the monitor-ing the less energy we get for the a
tual appli
a-tion.
• When the 
urrent is not �owing from the solarpanel the reverse �ow �ows from the batteries atthis time we will get the voltage readings a
rossthe load but the 
urrent readings will be zerobe
ause ZXCT doesn't give output the Iout ifthe 
urrent is �owing in reverse dire
tion.5 Current StatusAs we have said earlier we have 3 di�erent verti
alsin our approa
h. We have started working on thedesigning the 
harging 
ir
uit and with the 
urrentmonitor and 
harging 
ir
uit measurements we 
an10



say that we have a
hieved the �rst mile stone. As wehave also performed some of the initial experimentsfor gathering the related measurements about the so-lar panel and the battery we have also 
olle
ted someof the results whi
h we 
an use in the future imple-mentations.6 Future WorkTill now we have 
ompleted our 
ir
uit designing andsome of the initial experimentation. So now we havethe measurements about the energy gathered by thesolar panel to the battery and we also have the mea-surements about the energy spent by the appli
ationso we 
an now further look in to the third verti
al ofour work and 
an start working on the designing ofthe algorithm for the transmit power 
ontrol.Main goals to a
hieve are as follows.
• We still need to interfa
e the GPS appli
ationas the load, the data format 
onversion and theparsing of the data is left to be implemented inthe TinyOS.
• We have designed the 
ir
uit but still we havenot tested it with the real appli
ations as theload.
• We have done some of the initial experimentswith the resistan
e as keeping the load but westill have to perform the measurements with a
-tual GPS devi
e and need to use that for tra
kingthe node.
• We have to 
ome-up with the algorithmwhere we
an dynami
ally and pre
isely predi
t the nextre
harge 
y
le and this 
an be done for all dif-ferent 
harging pro�les based on the pla
ementof the node.Referen
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