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Abstract—In many potential wireless sensor network appli- purposes other than data collection. More interestindjlgy t
cations, the cost of the base station infrastructure can be could also be smart phones and/or PDAs (installed with
prohibitive. Instead, we consider the opportunistic use of mobile the corresponding radio and software) carried by unrelated
devices carried by people in daily life to collect sensor data. As . . .
the movement of these mobile nodes is by definition uncontrolled, people who pass thrgugh the d¢P'°Yed _area} in thelr daily
contact probing is a challenging task, particularly for sensor life. Except the benefits of adopting mobile sinks discussed
nodes which need to be duty-cycled to achieve long life. in [1][2], the cost of data collection can also be reduced
~ We propose a Sensor Node-Initiated Probing mechanism for significantly through exploiting the uncontrollable, butd
improving the contact capacity when the duty cycle of a sensor ygpjjity. Although opportunistic data collection may irase

node is fixed. In contrast to existing mobile node-initiated probing . - .
mechanisms, in which the mobile node broadcasts a beaconthe data delivery latency [1], there are many promising wire

periodically, in SNIP the sensor node broadcasts a beacon eachl€Ss sensor network applications which are delay-tolesadt
time its radio is turned on according to its duty cycle. We it is worthwhile to improve the performance of opporturgsti
study SNIP through both analysis and network simulation. The data collection.

ﬁ:’all;dztiimi;‘fzg'tsrci)g?*cat\?vm"ﬁ ;g'g’xggr:mmi rzllécirl_ tljc?vt\}:: ttkr::rr: In the context of opportunistic data collection, the sensed
1(72, the probed Eomac‘:‘: capacity can be inc?/ea);ed by an order of data can be collected from a sensor node only after a mobile
2-10; alternatively, SNIP can achieve the same amount of probed Node approaches and they become aware of each other. Here,
contact capacity with much less energy consumption. the event of the mobile node encountering with a sensor
node is referred to as a contact. As the movement of these
mobile nodes is uncontrollable, contact probing becomes a

As wireless sensor networks mature, we expect to see lomfrallenging task for sensor nodes which need to be dutyedycl
term deployments for applications such as environmenta-mado achieve a long life.
itoring, house water/gas/electricity meter reading, aimdcs In this paper, we investigate the ways that sensor nodes
tural health monitoring. These applications typicallydlwe and mobile nodes carry out contact probing and propose
large numbers of sparsely deployed (static) sensor no@és t Sensor Node-Initiated Probing mechanism for improving
report data that is inherently delay tolerant, since thparse the probed contact capacity when the duty-cycle of a sensor
(if any) requires human intervention over long time scaleaode is fixed. SNIP is designed based on the following two
For example, analysis of environmental monitoring data igasonable assumptions, i.e., the radio of mobile nodeishwh
rarely urgent, and meter readings for billing purposes can have relatively abundant energy via a re-chargable battery
delayed by weeks. Neighboring nodes in these sparse wdrelean be always turned on and the radio of sensor nodes
sensor networks are far away from each other, and typicalgnsumes almost the same amount of energy in transmitting
cannot communicate directly or even indirectly throughtimul and receiving/listening modes [3][4]. The basic principle
hop paths. On the other hand, deploying large numbers ageration is that the sensor node initiates probing rathen t
fixed sink nodes would incur prohibitive costs in terms o& mobile node. Thus a sensor node must broadcast a beacon
deployment, maintenance, and data back-haul. immediately after its radio is turned on.

In [1][2], the use of resource-rich mobile nodes was pro- SNIP has been studied through both analysis and simulation.
posed to move around in the deployed area and collect ddtse relationship betweefl’ (percent of the probed contact
from sensor nodes. Depending on the application, the mobiapacity), d (sensor node’s duty-cycle), and@..,iq.c: (the
nodes can be either part of the external environment or partlength of a contact) has been modeled for SNIP. SNIP is also
the network, and their mobility can be either controllabte dmplemented in Contiki-OS [5] and extensive simulations ar
not. In this paper, we assume that mobility is not controllechrried out using COOJA[6]. Both the analysis and simutatio
and thus the sensed data is collected opportunisticallyillglo results indicate that SNIP outperforms mobile node-itétia
nodes could be specific devices carried by objects (animgispbing mechanisms, and we quantify the impact of key
employees, etc.) who move around the deployed area fmrameters. A key conclusion is that with a sensor node duty-

I. INTRODUCTION



cycle that is lower tharl%, the probed contact capacity cart should be designed so that a contact can be successfully
be increased by a factor of 2-10; alternatively, for probingrobed with high probability and the contact is probed alyear
the same amount of contact capacity, the energy consunaedpossible. More specifically, when a sensor node’s dutiecy
by SNIP is much less than the energy consumed by mobitefixed, a contact probing mechanism should try to maximize
node-initiated probing mechanisms. T = % the percent of contact capacity that is probed
This paper is organized as follows. Section Il first investsuccessfully for data collection.
gates contact probing issues under the scenario of op®rtun For contact probing in opportunistic data collection, &her
tic data collection. The details of SNIP are then presentedare four processes in the system: the movement of a mobile
section Ill. SNIP and some state-of-art mobile node-itétla node, the radio schedule of a mobile node, the radio schedule
probing mechanisms are modeled and compared numericalfya sensor node, and the beacons periodically transmitted
in section IV. Simulation results are then presented amy either mobile node or sensor node with a fixed interval
analyzed in section V. Finally, section VI discusses relat¢T;.,..,). To establish successful contact, a beacon must be
work and section VII concludes. sent out by either mobile node or sensor node when they
are close to each other and their radios are both turned on.
In other words, all four processes must occur at the same
time. This can be difficult to achieve when mobile node’s
Figure 1 illustrates the reference network scenario of ORyovement is uncontrollable and sensor node is required to
portunistic data collection. The mobile node’s mobility isnaintain aggressive duty-cycles for reasons of longevity.
uncontrollable and cannot be predicted accurately by $ensOgjnce the mobility in opportunistic data collection is un-
nodes. For simplicity, we assume that the network is spa(gnrojlable, a contact probing mechanism is limited totaain
enough so that at any time at most a single (static) Sen$QL proadcasting of beacons and the radio schedules ofenobil
node and a single mobile node can reach each other. In figye and sensor node. Considering that a mobile node could
case that multiple mobile nodes move together, this assompt 5 e relatively abundant energy via a re-chargable battery
can be easily removed by adopting some collision avmdangrﬁ[‘l], the radio of mobile node can be always turned on.

techniques and allowing a sensor node to choose one of thﬁ%?]ce, it only needs to answer the following two questions.
mobile nodes randomly or based on their radio signal sthengt

and their movement speed. We also assume that the sam e
commodity radio (Zigbee-compilant radio, etc.) is instelll duty-cycle of a sensor node is fixed, who should be
on both mobile nodes and sensor nodes, i.e., they have the responsible for broadcasting the beacons?

same communication range?), When carrying out contact 2) For energy-efficiently probing the necessary contaats fo
probing, the radio of a sensor node is duty-cycled for achgev uploading its sensor reports, how should the sensor node
a long life. More specifically, the radio is turned on for a fixe select the duty-cycle used by contact probing?

period (I%,) and turned off for another fixed periodi{ss) In this paper, we focus on the first question and leave the
alternatively. Hence, the duration of a cycle.f..) is the sum second one to future work.

II. CONTACT PROBING IN OPPORTUNISTICDATA
COLLECTION

L) For improving the probed contact capacity when the

of 7, andT,; and the duty-cycled) equals tol,,, /Teycie- Traditionally, a radio consumes much more energy in trans-
Teontact mitting mode, so the resource-rich mobile node is respon-
{ Tprobed sible for broadcasting beacons periodically. Howeversehe

mobile node-initiated probing (MNIP) mechanisms face seve

i

JU—

- -,

1™,
i
i
i
|

: ,— l § challenges in opportunistic data collection. More speailfjc
A probed 3 > since a sensor node must be duty-cycled, its radio sched-
Mobe Node N,' ule is unlikely to synchronize with the beacons emanating
E Sensor Node i from a mobile node. In [7], it is proposed to s&}, of a
/‘: sensor node according th,...on, the interval between two
.. consecutive beacons from the mobile node. More formally,

Ton = Theacon + Tprt, Where Ty, is the time needed for
transmitting a packet. The authors argue that a contactwill
Under this scenario, the sensed data can be collected frdefinitely detected if a sensor node’s radio is turned onnduri
a sensor node only after a mobile node approaches and they contact. Howevefl ..., could be large in opportunistic
become aware of each other. As shown in figure 1, the evelata collection to avoid overburdening mobile node (eslgci
of the mobile node encountering a sensor node is referredwtben smart phones act as mobile node) and/or jamming
as a contact and the contact lengif, () is the duration wireless channel (even when sensor node does not exist), so
for which the mobile node stays within the communicatiof,,, must be large too, and,;s will become huge in order
range of the sensor node. As b, .4, it starts immediately to maintain a low duty-cycle. Consequently, with very high
after both of them are aware of the presence of each otlpeobability, a sensor node’s radio will not be turned on dgri
and it can be used to derive the amount of data that cowdcontact and the contact would thus be missed. Furthermore,
be collected in this contact. For a contact probing mechanisin opportunistic data collection, sensor nodes and molities

Fig. 1: Contact Probing in -(3pportunistic Data Collection



may belong to different authorities and it is hard to cooatin can turn on/off its radio relatively quickl{,,, can be set to a
the values ofl}.qcon, aNdT,,,. small value and a sensor node can carry out contact probing
In this paper, the proposal in [7] will be referred as MNIPfrequently. Hence, a contact will be probed successfull wi
JOINT, and the scheme with a fixed and sh@gf, will be high probability, and the probed contact capacity will be

referred as MNIP-BASIC. Both of these mechanisms will bimcreased significantly. Following the state transitioaglams
studied and compared with SNIP. illustrated in figure 2, the details of SNIP will be presenied
1. SNIP the following subsection.

beacon timer / BEACON

Due to the above shortcomings of MNIP mechanisms,  .c.consassoc rse

SNIP, a novel sensor node-initiated probing mechanism, is

proposed for improving the performance of contact probmg i

opportunistic data collection. In this section, the desioices @ ASSOC.DONE
of SNIP are first discussed and its details are then presented

ASSOC_RSP /
ASSOC_DONE

A. Design Choices a Uploading
Our key observation is that low power radio of the main- (@) Mobile Node (b) Sensor Node
stream sensor node platforms consumes almost the same Fig. 2: State Transition Diagram of SNIP

amount of energy in transmitting and receiving/listening petails of SNIP
modes. For example, the CC2420 radio of TELOSB mote . .

o . In SNIP, a mobile node moves around in an uncontrolled
consumes 35mW when transmitting at its default power level

. . L manner and its radio is always turned on so that it can be
(0dBm) and it consumes 38mW in receiving mode [4]. Henc o

: e . . iscovered. After receiving a BEACON from a sensor node,
with such a platform it is effectively free, in terms of engrg

- ~a mobile node will send back ASSORSP and enter into
usage, for a sensor node to broadcast a beacon when its r%jslgociating state. After receiving ASSOBONE from sensor
is turned on. ' =

. . . node, the association is complete. The mobile node willrente
Another observation is that a mobile node could be .

. X . into Collecting state and start to collect data from the sens
equipped with relatively abundant and rechargeable power

. . L ode. In Collecting state, the contact may be terminated by
supply and its radio used for opportunistic data col- . .
; o he sensor node through sending END to the mobile node. In
lection can be always turned on. This is true even L : .
, i . both Associating and Collecting states, the mobile node als
for smart phones on which opportunistic data collectio L :
: .. keeps monitoring whether it has moved away from the sensor
is treated as a second-class task. For example, it |84 "\yponii finds that,, (the time that the channel is idle)
claimed that the talk time of Google Nexus One smaf’C¢: die

- ) . IS larger than a constani’(;.), the mobile node returns back
phone is 7 hours (http://www.google.com/phone/statid/&s 0 Discovery state and is ready to be discovered aggin,

nexusonetech specs.html) and the smart phone consumes
IS currently set to 50ms.

about 746.8mW during a voice call [3]. Considering the . .
3 LAs for the sensor node, when its beacon/duty-cycle timer
energy consumed by the CC2420 radio, the smart phone’s : L . .
battery still could last a few days even if the correspondineXp'reTQ" itwill turn on its 'Tad'o’ send outa.BEACON, and ente
|ﬂto Discovery state. If it does not receive an ASS®SP

radio is instal!ed and this. radio is not duty-cyc_led. Here, W ithin T,,, the sensor node will turn off its radio, return
expeqt that Zlgpee-compllant smart phones will appear Wigh Sleogfaing state, and start its beacon/duty-cyclé tiorer
the Zigbee devices deployed for health care, smart-btgldlr}he next probing.T,, is currently set to 20ms, which is

ete. I_:urthem)ore, \.N't.hOUt undermining the assumptmntthm_t enough for sending a BEACON and receiving a ASSGGEP.
mobile node’s radio is always turned on for contact probmgr ASSOC RSP is received in Discovery state, it will send

there ,are still a lot of qpportumtles to_ reduce the sma.lgt ck ASSOCDONE, enter into Uploading state, and start to
phone’s energy consumption based on history and/or contex . : :
: : ransfer data to the associated mobile node. The simple Stop
information. For example, a smart phone can deduce whether . . i
- : and-Wait protocol is used for flow control, a retransmission
it is moving through accelerometer [8]. When the smart phone . . L .
. . . . . fimer is used for reliable data transmission, and multiple
is static and there is no sensor node nearby, its radio far da

. sensing reports are concatenated into one packet for regluci
collection can be turned off to save energy.
. . eader overhead. If all data had been uploaded, the serd®r no
Based on the above observations, the radio of a mobile . o .
W|{I send END to the mobile node for terminating this contact

node is assumed to be always turned on in SNIP. In contras . o
Y i Uploading state, the sensor node also keeps monitoring

with MNIP mechanisms, a sensor node in SNIP is requw%v ether the mobile node has moved away. When it finds that

to broadcast a beacon immediately after its radio is turn? . : . .

. ; . . a1e 1S larger tharil 4., the sensor node will turn off its radio,
on. Since the radio of a mobile node is always turned ori . .
. réturn back to Sleeping state, and start its beacon/dutlecy
if sensor node broadcasts a beacon when they are closei. to >

) ; - imer for the next probing.

each other, this contact will be definitely probed succdlysfu
assuming of course that the beacon is not lost or corrupted IV. ANALYSIS AND NUMERICAL RESULTS
due to contention, which is unlikely in sparse deploymentsIn this section, we will model SNIP with a focus on

and short range transmissions. Considering that a senger nthe relationship betweefl (percent of the probed contact
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capacity),d (the duty-cycle used by a sensor node during
contact probing), and.,,:«.: (the length of a contact). More
specifically, T}, opeq IS modeled and” can be deduced immedi-
ately (Y = 72=>==). For comparison purpose, MNIP-BASIC
and MNIP- JOINT are also modeled in the same manner, but
their models are omitted in this paper due to space limitatio 7 o 103 ,,,,,,

A. Model of SNIP 101‘301 0.01 01

Duty Cycle of Sensor Node

Figure 3 shows the three processes in SNIP: the occurrence Fig. 4. Numerical Results of SNIP

of a contact, the sensor node radio which also incorporhtes E:onsumption of a sensor node is proportional to the duty
beacon emanating process, and the mobile node radio.

cycle and the duty-cycle of a sensor node can be used to

i
5]

T

cycle T 2
= s
cont tact
Teo

Percent of the Probed Contact Capacity

. Teomact depict the energy consumed by contact probing. Y-axis is the
= Lo percent of the probed contact capacity, which determines th
e o amount of probed contact capacity. Figure 4 indicates hat
Sensor Node Radio —— increases with and T.,,.:.c; Significantly affects the curve.
Theaco When a mobile node moves quickly aid,,:..: is short,

Fig. 3: Time Line of SNIP a sensor node needs to spend much more energy to probe

In SNIP, sensor node will broadcast a BEACON whethe same amount of contact capacity. Figure 4 also indicates
its radio is turned on. Hencé)..con, the interval between that whenT, . > Teontact, T IS linearly related withd.
two consecutive beacons, equalsltg... « is the difference In fact, the closed-form equations 1 and 2 can be deduced
between the time that the last beacon is broadcasted andttiieugh modeling the following two cases separately. When
time that a contact occurs (i.e. mobile node moves into tHeycie > Teontact
communication range of sensor node). Since the mobility is

uncontrollable, a contact can occur at any time with the same ~ P74~ ElPprobed] * E[Tp”—pmbed—“;”md] @
probability. Sincel,,.. is much larger than the time needed _ (Tcontact) % (Taontfwt) _ Teontact wd
for transmitting a BEACON, we don’t consider the case that Teycle 2 2 x Ty

a mobile node arrives during the transmission of a BEACONywhen Teyere < Teontacts

Hence, we can assume thais uniformly distributed between Tprobed = ElPprobed] * E[Tper_probed_contact] 2)
0 andT,ycie. Tprobea Can then be modeled as follow. Toyel T
= 1x (Tcontact e~ e) = Tcontact - =
Tprobed(-r) = {(l‘ + Tcontact) - Tbeacon}+ 2 2xd
T 1 Teyete T (2)da To compare with MNIP-BASIC and MNIP-JOINT, for each
probed Toyete Jo probed value of Tioniact, figure 5 plots the curves of these models

together. It shows that compared with the MNIP mechanisms,
) SNIP probes much more contact capacity; alternatively,PSNI
B. Numerical Results can achieve the same amount of probed contact capacity with
To study SNIP and compare it with MNIP-BASIC andmuch lower duty-cycle, i.e., much less energy consumption.
MNIP-JOINT, the curves betweeff and d are calculated ‘
/ :

Here, {.} is defined asnax(0,.).

\4

100 F R —

numerically based on the above models for several typical
values ofTopiact: 2S, 5S, 10s, and 30s. These values represent
the time needed by a car on a freeway, a car in the city, cycling
people, and walking people to pass through a distance of 50m, oS
which is selected according to the communication range of =~ § «f ‘
current sensor node platforms. The duty-cycle of the sensor w ot S ycmatsemsorode
node varies from 0.001 to 0.2. (a) Teontact = 25 | (b) contact = 53
T,, is set to 20ms in both SNIP and MNIP-BASIC. In  : [ — 1 T
MNIP-JOINT, 7,,, is set to the sum 0Off}eqcon @nd Tpi;
According to the current sensor node platforfy;. is set to
10ms. In both MNIP-BASIC and MNIP-JOINT, the evaluated
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nt of the Probed Contact Capacity
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Percent of the Probed Contact Capacity
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MNIP-JOINT-100ms -~
MNIP-BASIC-100ms ----

Percent of the Probed Contact Capacity

values ofTyeqcon are 100ms and 500ms. The smaller values  § e, e ARSI Saome. I B0 Sooms.
of Theacon are not chosen because mobile devices will be Oy oot sensoid B bty Gyl f Sensor o E
(C) Tcontact = 103 (d) Tcontact = 305

overburdened especially when smart phones are used asemqg'ﬂ
nodes and/or the wireless channel will be jammed by beacons
even when sensor node does not exist.

Figure 4 plots the numerical results of SNIP. X-axis is To evaluate SNIP in more realistic environments, SNIP
the duty-cycle used by a sensor node. Note that the energyimplemented in Contiki-OS [5] and extensive simulations

. 5: Numerical Results of SNIP, MNIP-BASIC and MNIP-JOINT
V. SIMULATION RESULTS



are carried out in COOJA [6], which incorporates a machine £ PR . RN RA
code instruction level emulator of the TELOSB sensor node.¢ / S //“"
For comparison, MNIP-BASIC and MNIP-JOINT are also § / 8 |7
implemented in Contiki-OS and simulated in COOJA. When § » /'/ g oy
implementing these contact probing mechanisms in Contiki-§ ’ smuion § Simuaton:
OS, the same parameter values used in numerical analysis | Stmamone e ‘ P saton ‘
are adopted. For the accuracy of simulation results, in each oo oty Ot s et ooor oty Ot S e
experiment, we let a mobile node visit a sensor node replgated  (a) Scenario ITzontact=2S (b) Scenario ITcontact=10s
for a long time (100 hours) and assume that the sensor node ‘ 1 % wl ‘ ‘
always has data to be uploaded. 8 Pa §
For validating the SNIP model, simulations are designed “ 5
based on the above numerical study. The evaluated duty§ 0 // E of
cycles of sensor node are 0.001, 0.002, 0.004, 0.01,002,0. ¢ |¥ Simulton: T, 008 £ simuaton T, 008
0.1, and 0.2. The evaluated values Bf,ic,o (the interval S na®E 8 St kel 1
between two consecutive visits) are 100s, 200s, 500s, and ‘oo Duwcyggmmm o1 Y o DMWCYﬂiéifsEnso.Node o1
1000s. As forT,.oniact, its evaluated values are also 2s, 5s, (c) Scenario l:Tcontact=2S (d) Scenario I1:T¢ontact=10s
10s, and 30s. When generating mobility traces, E0th,:qc: Fig. 6: Validation of SNIP Model: Scenario | and I
andTyiervq follow a normal distribution with small deviation .
(a tenth of the mean) or an exponential distribution. Table | § ¢ g
lists the different combinations evaluated in this paper. g
8 8
[ Scenario | Teontact [ Tinterval | i 0 " F
| Normal Distribution Normal Distribution = R . —— H Simulation: Tyygryae 1008 -
[ Normal Distribution Exponential Distribution 5 Slirlnﬂﬁgggﬂj::;g‘g’gg T H S%E;ﬁgﬂj:x}lgggg T
m Exponential Distribution| — Normal Distribution € e £l e
WY Exponential Distribution| Exponential Distribution Duty Cycle of Sensor Node Duty Cycle of Sensor Node
(a) Scenario Il Tcontact=2S (b) Scenario Il:Teontact=10s

TABLE |: The Evaluated Distributions 6f.ontace and Tintervar

=
S
3
=
S
s

A. Validation of SNIP Model

To validate the accuracy of SNIP model, for each simulated
scenario listed in table | and each value Bf,, .., the
simulation results (with differentl;,,;e;q;) @nd numerical
results of SNIP are plotted together. Figure 6 and 7 show th

bed Contact Capacity

,a
S
.
1)
T

Model
Simulation: Tjyerva=1005
Simulation: Tiyyenva=2008 -
Simulation: Tijierva=5005
Simulation: Tpera~1000S

Simulation: Tiperval=
Simulation: Ty
Simulation: Tjy

Simulation: Ti

Percent of the Probed Contact Capacity

Rcentofthe Pro

0.001 0.01 0.1 0.001 0.01 0.1
Duty Cycle of Sensor Node Duty Cycle of Sensor Node
plots whenT,,,:.; €quals to 2s and 10s. For other values of (c) Scenany NAE " g (d) Scenario " ~10s

Teontact, the results are similar and the plots are omitted for ~ Fig. 7: validation of SNIP Model: Scenario Iil and IV
brevity. Figure 6 indicates that our model for SNIP is very
accurate when contact length follows the normal distrinuti B. Comparison of SNIP, MNIP-BASIC, and MNIP-JOINT

It means that our model does capture the fundamentals ofy, compare SNIP with MNIP-BASIC and MNIP-JOINT.
SNIP. Figure 6 also shows thdt is independent ofinierval  simulation results of SNIP, MNIP-BASIC, and MNIP-JOINT
(both the mean and the distribution followed By,scrva1). OF are plotted together for each combination of the simulated
course, the probed contact capacity will vary with the valugenarios and the valuesBf, e & Tintervar- Figure 8 shows
of Tintervar SiNCe it determines the overall contact capacity.ipe results WhelThtervar €QUAlS 2008 an@oniac: €quals 2s
However, as shown in figure 7, when contact length foling 10s. The results with other values are similar and their
lows the exponential distribution, there are some diffeesn plots are omitted for brevity.
between our model and the simulation resulis.is still * Figyre 8 indicates that SNIP performs much better than
quite independent of ;. e,va1, bUt with large variance. The \Nip mechanisms in all cases, especially when the duty-
simulation results are obviously better than our model Wh%ﬂ}cle is low. When the duty-cycle is lower tha, com-
the duty-cycle of sensor node is low. The reason could be thateq with MNIP-JOINT with a high probing frequency
the variance of contact length is much larger when it followg, —150ms), SNIP can improve the performance by a
the exponential distribution. For contacts which are mugicior of 2-10. Hence. when duty-cycle is low, SNIP could
longer than the mean, thelf can be much larger than thestjj| he much more energy efficient than MNIP mechanisms
value calculated based on the mean. Since these long cONt@gkn if the transmitting mode of sensor node’s radio consume

can be a significant part of the overall contact capacity, thgyre energy than the receiving/listening mode.
simulation results tend to be better than the output of the

model based on the mean. Hence, to accurately predict the _ o
probed contact capacity based on SNIP model, the distoifbuti Contagt probmg_ hqs been well studied in quetooth-.based
of contact length should also be considered. opportunistic applications [9] and other delay-tolerappla

VI. RELATED WORK
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Fig. 8: Simulation Results of SNIP, MNIP-BASIC, and MNIP-JOINT [1] R. C. Shah, S. Roy,

cations [10]. All nodes in these applications are similar to
each other and the radio consumes much more energy [

transmitting mode. Through tuning the probing frequeniog, t
proposals in [9][10] try to achieve better tradeoff betwéies
probability of missing a contact and the energy consumed
contact probing.

In [2][11], a mobile node with controllable mobility has .
been used to collect data from a sensor node. The mobild
node first moves to a sensor node, collects all data from this
node, and moves to another sensor node. Before collecting
data, a mobile node will first activate a sensor node through
light, magnetic, or the second low-power radio. Hence, somé

been studied in the context of opportunistic data collectio
Their shortcomings have been discussed in section Il. Sim-
ilar to SNIP, a sensor node in Koala [14] also periodically
broadcasts beacons to declare its presence. Through loerpow
listening, the sink node can then activate the whole network
hop by hop. However, the authors have not studied this scheme
as a contact probing mechanism in the context of opporianist
data collection with uncontrollable mobility.

VIl. CONCLUSION

In this paper, the challenges faced by contact probing in
the context of opportunistic data collection are inveséda
and SNIP, a Sensor Node-Initiated Probing mechanism, is
proposed for improving the performance of contact probing
when the duty-cycle of a sensor node is fixed. Both the arglysi
and simulation results indicate that SNIP performs muctebet
than Mobile Node-Initiated Probing mechanisms, espaciall
when the duty-cycle of a sensor node is low.

In the future, we will study how a sensor node should select
the duty-cycle used by SNIP so that it can energy-efficiently
probe the necessary contacts for uploading its sensortsepor
We will also investigate the issues rising when smart phones
act as mobile nodes, such as incentives, user privacy, &ad da
security that are encountered in participatory sensing.
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