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Abstract collection. Data are collected by mobitiata collectors,

such as an unmanned aerial vehicle (UAV) that flies by
This paper proposes using a mobile collector, such astha field. Using data collectors in a sensor network is
airplane or a vehicle, to collect sensor data from rematgalogous to using the postal service. The postmen visit
fields. We present three different schedules for the collébe residents to collect mail so that the residents (equiv-
tor: Round-Robin, Rate-Based, and Min Movement. Tladent to sensor nodes) do not have to deposit their mail
data are not immediately transmitted to the base statidirectly at the post offices (equivalent to the base station)
after being sensed but buffered at a cluster head; hencéhi¢ residents need to travel to the road-side mailboxes in
is important to ensure the latency is within an acceptalftent of their houses. Similarly, the data collectors saort
range. We compare the latency and the energy expentfeitransmission distance and reduce the energy consumed
of the three schedules. We use w2 network simula- by the nodes for wireless communication. We extend the
tor to study the scenarios and illustrate conditions underalogy further by using the concept of street-corner mail-
which Rate-Based outperforms Round-Robin in latendygxes. These mailboxes present a trade-off between the
and vice-versa. The benefit of Min Movement is in minieonvenience to residents and the efficiency of the postal
mizing the energy expended. service. Each resident needs to walk slightly more to

drop mail into the mailboxes. However, the postmen do

. not have to visit each individual house. For a sensor net-

1 Introduction work, we group nodes into units, calletiisters. Special

nodes are assigned for playing the role of these mailboxes;
Battery-powered sensor networks comprising many séhese nodes are calletlister heads. The heads are differ-
sor nodes [1] allow continuous data collection in hagnt from other nodes because the heads have large buffer
ardous or remote areas, such as a swamp, a desertnemory to keep sensed data waiting for the collectors.
a volcano, for scientific or environmental studies. TheEhe data collectors visit cluster heads to collect data so
sensed data have to be collected, analyzed, and storedtiraé the collectors do not have to obtain data from each
“base station”. When the sensing field (or “field” for simand every sensor node.
plicity) is too far away from the base station, transmitting Using a collector provides many advantages. First, the
the collected data over long distances to the station leetlector may cross long distances and hazardous terrain
comes a major challenge. For example, the sensing figlcreach the field. Second, the collector can reduce the
can be a swamp but the data are analyzed in a univergitessity of multi-hop routing so that the energy of the
located in a city. To transmit the sensed data to the basermediate nodes can be conserved. Third, only one or
station, the current main approach deploys intermediatéew collectors are needed and they can be refueled more
nodes between the field and the station to conduct muéisily than recharging thousands of sensor nodes. A typ-
hop routing. However, if the field is far away from thécal node may collect tens of bytes of data every second.
station, the number of required intermediate nodes mayta gathered by the sensor nodes are stored in the buffers
be prohibitively large. Furthermore, some of the intermef the cluster heads until collected by the mobile collector
diate nodes may become communication bottlenecks, aiitich can visit the cluster heads periodically eliminating
their batteries may drain much faster than the rest of tite: need for continuous collection by the collectors.

sensor r_10des. This paper presents three movement schedules for the
In this paper, we propose an alternate approach to daf@tion of the data collector. It also provides analysis and



simulation to show the effect of the schedule on the 13 M obility Algorithmsfor Collector
tency, the stable store, and the energy expended. The pa-
per focuses on one crucial question in delayed data colléTthis paper, we assume a single collector and analyze
tion: Is the stable store required in each node boundeHfee schedules for the collector to visits the cluster bead
This question is important in the case that the collectdhe schedules are (a) Round-Robin schedule: the collec-
is delayed in a collection schedule. This may lead to & visits each cluster head to collect data in a round-robin
unbounded increase in the buffer requirement. Our theanner. (b) Data-Rate Based schedule: the frequency of
oretical analysis shows that our proposed schedules wigiting a cluster head is proportional to the aggregate dat
lead to stable data collection. Detailed simulation resutate from all the nodes in the cluster. (c) the Min Move-
are shown in [10]. ment schedule: the collector visits the cluster heads in the
proportion of the aggregate data rate, but also with the
goal of reducing the distance traversed.

2 Related Work The cluster heads hold sensed data in the buffer before
the collector arrives. Both the buffer size requirement and

Sensor nodes use wireless networks for Communicatiﬂﬂb average data collection |atency are affected by the col-
A fundamental challenge is the attenuation of wirelesctor's movement schedule. When there is the possibility
signals. The attenuation rates depend on the environmeftare event detection by the sensor nodes, it is important
In order to maintain the same signal-to-noise ratio at the¢keep a low average data latency. If the time to transmit
receiver, the transmission power across distanisepro- the data from the sensor node to the cluster head is fixed
portional toc,r®2 +cz [7]. The value ofc; is usually (as it will be for stationary sensor nodes), the latency is de
between 2 and 4. The required power grows rapidly f§mined by the time difference between the data arriving
the transmission distancéncreases so that ShOft-diStanC&t the cluster head and it being transmitted to the collec-
transmission is preferred for conserving energy. tor. Theaverage data latency for a particular cluster head

The area of reducing energy consumption for data c@-the sum of the latency of all the bits collected at the
lection or dissemination in sensor networks has beerlaster head, divided by the number of bits. Similarly, the
very active area of research. A sample of the approaclkesrage data latency for all cluster heads is the sum of the
proposed can be found in [2, 3, 4, 5]. Several studies iatency of all the bits collected at all cluster heads, didid
vestigate the advantages of using mobile robots to cabythe total number of bits. In the rest of this section, we
sensor nodes. LaMarca et al. [6] suggested using namalyze the buffer requirement and the data latency under
bile robots to deploy and calibrate sensors, to detect thdifferent collector movement schedules mentioned above.
failures, and to recharge nodes using radio frequency or

infrared signals. They built a prototype of sensor net- .
works for house plants with a mobile robot. Sibley et a .'1 Round Robin Schedule

[9] built miniature robots with sensors, called Robomotefe consider static sensor nodes and a single collector
These sensors were equipped with wireless communiggjich moves through the network for collecting data from

tion, odometer, infrared object sensors, and solar cellafss cluster heads. There amecluster heads numbered
Each robomote is only 4am”. Rybski et al. [8] presentedg 1, such that the collector follows the cycle of

a system for reconnaissance and surveillance using /0, 1 _,  _, n_1 — 0. When the collector arrives at a

types of robots: small-sized scouts and rangers that ¢§fster head, it stays there long enough to collect the data

carry and launch multiple scouts. These examples demgReymylated at the cluster head since the last visit of the
strate the practicability of combining sensor networks apd)ector emptying the cluster head’s buffer.
robots. On the other hand, the issue of efficient data col- Leta: be the sensor data accumulation rate at cluster
. . . I
o a1 Sale s netorke sig 050102 Bk, whereiC (0. 1. Lot be the data colecton
y exp - 9P y b rate of the mobile collector when its visits the cluster head

architecture for data collection eliminating the need f(lar We assume tha > a;: otherwise, the sensed data

ltﬁzgggzCrggit;?ggtg)ggngc?grgrd'nary sensor nodes USIGi e\{entga}lly bg lost. The time to cqllect data from each
' head is divided into two parts: the time for travel to the
head and the time for transferring the data. Supmhse
is the time for the collector to travel froif" head to the
(i+1)!" head(modulo n). We usei; to represent the time
to collect data from thé" head {; > 0). The valueT is the



total time for the coIIector to visit all heads once collegti transmits sensed data to the collector immediately so the
the data:T = y"3(di +t). This is also called the round-latency is zero. The total number of bits collected from the
trip time. When the collector visits tH¥ head again after cluster head during each round trip equatgT. There-

T, totally o; T bits of data have been accumulated at thisre, the average data latency for cluster hieeguals

cluster head. Since the data are transmitted within time
the following inequality must hold (T—t)Bx (T )R (T — )2

20T 200T(Bi —q) - 2T(1-ry)’ (3)

oi T < Bit; (1)

For the entire network, the average latency equals
We assignr; as the ratio between the accumulation

rate and collection rater; = °‘i' This inequality can iy = e L (T —t)? @
be rewritten ag; > r;T. Since the head has to keep the (Zinzl 0;)2T

data for timeT —t; when the collector is away, the head’s

buffer must be larger tham; (T —t;). The above formula leads to the following theorem.

We can determine the condition to achieve the miAlieorem 1: The solutiont; — & minimizes the average
imum round-trip timeT. Sincet; > r; T, we can obtain data latency of the entire sensor network.
the relat|0nsh|pz|n ot > Zn_olr T. Let D be the sum Proof: We first fix the value of and decide the value &f
of d: D=7y, 1di. Then, Sico 4 =T-D> Zu rT,i.e. thatminimizes the average latency. According to formula

TL-yirn) > D ThIS is p035|ble only ifsftri < 1. (4), we need to minimize
Conversely, ifyJri < 1 is satisfied, we can denve the -1 q;

2
solution fort; to minimize T. We defineT as the min- 1TH(T —1)%, (5)

imum round-trip time: T = - ZE — we also define =
i=o fi

asriT. The minimum buffer requirement for clusters Becal:sng — D+ 5ot we can Sl.JbStltUt&H =T
ai (T —£). D — %t into formula (5) to minimize
We now analyze the average data latency. First, we  n-2 oo

considert; = fi. Each time the collector revisits tH&' Z) 1_ r. T—t)+—— 1_ P~ LD+ $6)? (6)
cluster head, the oldest bit in the buffer has stayed in the

buffer for the amount of timd — f; this is the longest Taking the partial differential foreach 0<i <n-2,
data latency. Since the collector keeps collecting the datsd equating it to zero, we obtain the following equation
until the buffer becomes empty, the last bit collected has

(o] 200
the shortest data latency 0. The data arrival rate and the 1Tlr-(T —t) = 1_: L (D+3M2t). (7)
transmission rate are both constant. Therefore, the aver- ! _ n-1
age data latency for thé" head equalgT —f)/2. The This can be rewritten as
number of bits collected from this head during each visit ai (T—t)= On-1 (T—th 1) =K ®)

by the collector equals;T. Therefore, for the entire sen- 1—r; C1-rpa
sor network, the average data latency equals the total

lay divided by the total amount of data:

Poer_someK. Sincetj =T — M , we substitute it into

T =D+t and obtairk = D;m LT Since the sec-

n11r|

Zin;olai ~(-|- £)/2 B Zitolai(f —f) B fZP;&ai(l— r) qnd_order par_tlal d|ffer_ent|al of formula (5_) ovgiis posi-
i tive in the entlr(e domain of formula (6), it is easy to verify
K(1-rj)

n-1,.T - n—1-. - n-1.
ZicgOiT 22 22i=o i @ thatt; = is the minimum point. Substituting
this minimum pomt into formula (4), the minimum aver-

Fort; > i, the analysis is divided into two parts de: %%e latency for a givel equals

pendent on whether the buffer is empty. Suppose t
buffer becomes empty at tinxe Before it becomes empty, (n—1)T+D)?
the head has accumulated data Tor-t; + x so totally (3 11 r')(Zun X 0;)2T
ai(T —t; +x) bits have to be transmitted. Since the tran% minimize formula (9), we only need to minimize
o (T—tj+x
mission rate i, it takesx = % to deplete the (n—1)T + D)2/T, whose derivative equalé - 1)2 -
buffer. Thus, the value ofis 2 B . Up untilx, the aver- DZ/TZ > 1. SinceT is bounded from below by, T =T

age latency i$T —t;) /2. For the remalnlng time, the headninimizes the average latency. The theorem is proved.

9)

Tt,



3.2 Rate-Based Schedule The time between visits to the same cluster head may
vary for different visits, becausg does not always divide

In this schedule, the frequency of visiting a head is PrR1 Hence, the time taken to empty the buffer may also

portional to the aggregate data rate from all the nodes gy from visit to visit. Nonetheless, for the purpose of the

at a cluster head slot. A slot is defined as the minimumg particular cluster head are equal.

time it takes the collector to drain the data at the cluster

head si the last visit of th lector. Th In each round, the traveled path of the collector can be
1ead since the ‘ast VSit o the coflector. e_cpnsecﬁé'presented by a cycle consistingmohodes, each repre-
tive number of slots over which scheduling decisions

. _aégnting a visit to one of the cluster heads. The cycle has
made is calleq aound. The da}tq rate based schedule s ctlym edges, each representing the collector’s travel
to make the time between visits to the same cluster h one cluster head to the next. lcgtdenote the travel
evenly spaced during each round. Even spacing of ?ﬂ%e of the collector to make th@" visit in the round.
visits makes the latency and buffer requirements compaL; 5

. _ _ denote the sum afj,1 < j < m. Letfj be the data
atively smooth. There exist many ways to make the V'sﬁ%nsmission time in th@" time slot. LetT be the time it
evenly spaced. Our scheme is as follows.

- . takes to finish each round, including the collector’s travel
Givenmslots in each round anucluster heads, suchtjme and the data transmission time. The average time

that mp +my + ... +my_y = m, wherem is the nuM- petween two consecutive visits to the same cluster head
ber of slots assigned to cluster headccording to the gqualsT . If the cluster head visited in thi" time slot
data rate. Without the loss of generality, we assume . . ~ - A
Mo < my < ... < my_1 (We can reorder the heads to sarEea}d isi, then we letB; equalB;, d equalai,ﬁzejnequal
isfy this requirement). Since th@ — 1)!" cluster has the ' ! equal ttwe time spent collecting datf" ?tt luster
highest data rate, we assign slots to this cluster firstelf tiéad, anan;equalm. Obviously,(jB;j = dj .
s<_:h_edu|e for cluz_;ter_h_ead— 1is performed later, it can be_ FromT =D+ Zn;éfj andf] = r_,-l- we haver — D =
difficult to make its visits evenly spaced, because there is a oA S 1T
good chance that the remaining._; slots are not evenly 3j—o m; T+ Which is possible if and only i§ {5 7 < 1.
distributed. Themy_ slots for the(n—1)" cluster are \yhen this condition is satisfied, we have= — 2 .
determined according to the following recursive formula: ’ (1—2',7;3%)
m Thus, the buffer size required for cluster hdadquals
si=L1ls1=8+—,forl<j<m (10) %T. Since the collector always move to the next clus-
Mh-1 ter head as soon as it empties the buffer of the current
_ head, the average data latency for cluster headquals
where the symbad represents the slot number of e | T )= %(17“)' half the the time for thé" clus-

. ; it A f e
slot assigned to the particular cluster head. If it is not er to accumulate data until the next visit of the collector.

exact division, we usé-"- | so that no slot is wasted. If .
Mh-1 . The average latency for the entire sensor network equals
at any stage, the computed slot has already been assigned

to a cIl_Jster head, the next higher slot |s_aSS|gned. Afte"Z{‘z‘ol(aiT%(l— r)) T Lai(l-t)
assigning slots to cluster— 1, we then assign the slots to 1 = 120 (13)
clustem— 2 according to the following recursive formula: 2io0iT 225 Qi
S =2,5.1=5+ m:" fori<j<m., (11) SinceT = Zr'r? = 172'?,&”, the average data latency
-2 T Sj=1m; =
can be rewritten as
In the above, i), is already occupied, then we Igt, 1 e 1a
be the number that is the closest slot above the computed DIy (1—ri) v
value. The rest of the time slots are determined by 2(M o) (1 - =" 2ry) (14)
m . . :
Sj+1=Sj+ m’ forl<j<m. (12) We compare this average latency to that of Round-Robin

schedule. According to formula (2), the latency of Round-
Consider four clusters having aggregate data rate in fRebin equals
ratio 1:2:3:4. Using the Rate-Based schedule, in a round L
of 10 slots, the collector visits the cluster heads in the or- D->5ai(1—ri) (15)
der4,3,4,2,3,4,1,4,3,2. Inthis schedule, cluster head (25 tai) (1 -2 gr)
4 is visited every 2.5 slots apart.




Thus, the Rate-Based schedule has a lower average la- | Datarate (kb/s) CHL:.CH2:CH3 = 2:1:1

_ . . . Collector parameters ~ Speed: 10 m/s;
tency than the Round-Robin schedule if and only if Power consumption: 0.5 J/m:

~ a; Initial power: 10 KJ
D- Zin;ol— (1-r)<D- Zin;lai 1-r) (16) Round-Robin| Rate-Based] Min Movement
m Schedule | 123 1213 1123

Since% equals a certain constaht for all i, the in-
equality above can be rewritten &- 3 J(1—r) <
D= ym(1-r). Recall thatt]jr; < 1. Without loss

of generality, we can find; ande, such thak, <ri <€ ¢|yster head. The time spent is proportional to the aggre-
for alli. The following two theorems are easily derived. 4516 gata rate of the corresponding cluster. The collector
Theorem 2: The Rate-Based schedule has a lower avebllects the data from the cluster head till it empties the
age latency than the Round-Robin schedulg i 2(1— puffer. Then the collector sleeps for a while (equal to the
€2). time it took to empty the buffer in the earlier step), and
Theorem 3: The Rate-Based schedule has a lower aveesumes the data gathering on wake up till it empties the
age latency than the Round-Robin schedule if and onlybififfer again, and so on. The number of these sleep-wake
%(1_ €1) < %_ up periods is dependent on the data rate.

Table 1: Movement Schedules

Notice thatf; is usually much greater tham;. If
r = % is so small that % r; is almost equal to 1 for all
then the two theorems above imply that the Rate-Based

schedule has a lower average latency than the Rou\rll\c,i-b iid a simulati del using ths-2 network si
Robin schedule if and only i2 < 2, i.e. if and only if ", oo & SIMUIANON MOTE! USing network sim-

ylator and simulate two different scenarios with the three
the Rate-Based schedule has a shorter average travel rﬂe .
(#{eerent movement schedules. The scenarios correspond

between two cluster heads visited consecutively than tto different topologies with different placements of the

Round-Robin schedule. This can be illustrated by two op- )
: . ase station and the cluster heads. We use three clusters
posite examples, assumingto be very small. Suppose.

. ; in the simulations. The properties of the cluster heads, the

there are three clusters with aggregate data rates in the ra d th hedul h . bl

fio Co:Cy:Cp—3:2: 1. In the Round-Robin schedul collector, and the schedules are shown in Ta e 1. Note
o T hE,[lt the collector parameters are representative ones, and

for the three cluster heads, the collector takes the routq 0

Co 2CyCy Cout h vl me 4,4, 1. Th e 20500 10l 1t e e e suls f
in the Rate-Based schedule@g — C; — Cy — C1 — . 9 P

C, — Co, with the travel time 4, 4, 4, 4, 1. The Roundgles outlined in Section 3, the schedules for a round are

Robin schedule has the avera i ge{ived and shown in Table 1.

ge travel time 3 per leg, bu . ) o . o .
the Rate-Based schedule hag/37 3.4 travel time per Scenario .1 is shown in Figure 1. .S.cenarlo 2 is identi-
leg. A “leg” is the distance between two heads which i@l to scenario 1 except that the positions of cluster heads
collector visits consecutively. The Round-Robin schedufe?"d 3 are interchanged.
wins. If, instead, the route in the Round-Robin schedule Base Station
takes time 1, 1, 7. Then the average travel time is still 3 @ (400,1500)
per leg for Round-Robin. But the round of the Rate-Based
schedule takes time 1, 1, 1, 1, 7. The average travel time
is 2.2 per leg. The Rate-Based scheme wins. @) @) @)

CH1 CH3 CH2
1) (800,1) (1600,1)

Results

3.3 Min Movement Schedule

" . . Figure 1: Topology for Scenario 1 (not drawn to scale
Intuitively, in the Rate-Based schedule, the spacing be- g pelogy ( )

tween the visits to the same cluster head in each round

may increase the amount of movement of the collector. Th? (:utput Ear?rr]neters fr(()jrr:jtr;e S'”Luiitlo? aregh(te av-
A variation is called theMin Movement Schedule which €'29€ 1atency for the sensed data and the ime between

it tries to minimize the movement of the collector. Thi%uccessive recharges Of. the c_ollec';or .at the base station.
schedule may also be viewed as a Round-Robin schedul'%‘,a second paratrrr:eter IS a dlt[ectk:nglclatlpn (_)rfhhow eTt'
where the collector spends different amounts of time af gy conserving the movement schedule 1s. € resutts



Round  Rate — Min at a cluster head, which implies less frequent movement.
Robin Based Movemen . L .
Sorariol Since movement energy consumption is much higher than
Latency (sec) 196.56 228.93 198.68 transmission energy consumption, this leads to a more
Recharge 4112 4115 4364 energy conserving schedule. In scenario 2, the distance
'S”c‘ew""_' (g"”) per leg is higher in the Round-Robin schedule than in
enario H
Latency (sec) 199.95 15361 201.67 the Rate—Base;j schedule, and therefore the latency is also
Recharge 4188 4183 4435 higher by 30.2%.
Interval (min)

Table 2: Simulation Results 5 Conclusion

In this paper we have proposed an efficient model for sen-
are shown in Table 2. sor data collection from nodes that are in inaccessible lo-
The Min Movement schedule is more energy-efficief@tions. Cluster heads temporarily buffer sensed data and
than the Round-Robin schedule and the evenly spafe@bile data collectors visit the cluster heads and collect
Rate-Based Schedule discussed in previous subsectiBf data which they send to the base station. Three move-
However, it is easy to see that the average data latenc§RNt schedules are compared with respect to the latency
longer in the Min Movement schedule than in the Roun@nd the energy expended.
Robin schedule. This is because the average data latency
is shortened if the idle time perlqu are eliminated. T deferences
schedule then becomes a special case of Round-Ro : L . o
- L. . 1] 1. F. Akyildiz, W. Su, Y. Sankarasubramaniam, and E. Cayik
S_'m'lar_ly’ itis e_asy to see that the buffer r?qu'remem Survey on Sensor NetworksIEEE Communications Magazine,
higher in the Min Movement schedule than in the Round- 40(8):102-114, August 2002.

Robin schedule. [2] M. Bhardwaj, T. Garnett, and A. P. Chandrakasan. Uppeuri8is

. on The Lifetime of Sensor Networks. International Conference
The results show that with respect to latency, the Rate- o, communications, pages 785-790, 2001.

Based schedule and the Round-Robin schedule can @jti. M. Feeney. An Energy Consumption Model for Performance
perform each other depending on the scenario, while Min @?a:\xl';is Ofk ROUéigg FI’_rottqcols é?é)'\gggilez gi JHOC NZ%t(\;vlorkMO-

H H H H e e WOrKSs an |cations, . —. , June .
Movement is always inferior to Round-Robin. Intumvely[{H D. Ganesan R, Gpé)vindan’ s Shenker, and D Estin.  igh
if the high data rate cluster heads are close together, thegesilient, Energy-Efficient Multipath Routing in WireleSensor
amount of movement per leg is smaller in Rate-Based than Networks.ACM SIGMOBILE Mobile Computing and Communica-
in Round-Robin. Min movement, on the other hand, has goﬁzﬁf\/@NHséi)z;lrﬁii gr?(tjol?legi?gljrlishnan NegotiatiBased
a sleep tlme, for the collector a_t any cluster _he_ad that tlﬁb Protocc;ls for Disseminéting Information in Wirelegs]s Senset-N
collector visits twice or more in a row. This increases \orks. Wireless Networks, 8(2):169-185, March 2002.
the latency. However, this property of staying longer & A. LaMarca, D. Koizumi, M. Lease, S. Sigurdsson, G. Bdluie
a cluster head reduces the energy consumption of Min W. Brunette, K. Sikorski, and D. Fox. Making Sensor Networks

. . . Practical With Robots. Technical report, Intel Resear&§-TR-
Movement and therefore its time between recharges is g, 504 2002. P Bs

the highest among the three schedules. In scenariq7i.. w. Mark and W. ZhuangMreless Communications and Network-
the latency of the Round-Robin schedule is better than ingl-E PF;er;tiie I:lal:szgos. o oo S A S ke
. E. ski, N. P. Papanikolopoulos, S. A. Stoeter, ntz,

that of the Rate_Based SCh.edUIe by 16.5%. The averéf’ée'; B. Ygsin, M. Gini, R.pVoers, l'% F. Hougen, B. Nelson, and M.
distance traveled in a Ieg in the Round-Robin schedule Erickson. Enlisting Rangers and Scouts for Reconnaissande
is (160+80+80)/3 = 106.7 m, while for the Rate-Based surveillance.|EEE Robotics and Automation Magazine, 7(4):14—
schedule is (160+160+80+80)/4 = 120 m. Sircehe (2;4+Dse%?mbfl\«‘/: ZHOOF?- i and 6. S, Sukhatme. Robomote: AT

H H . 1. SIpnley, M. AH. Ranimi, an . O. SukKnhatme. Robomote: n
data coIIectlon rate at cluster head/rate of draining dyata[B] Mobile Ro)lgot Platform for Large-scale Ad-hoc Sensor Nekso?rll
the collector, is much smaller than 1 (0-026 and 0-052)’ International Conference on Roboticsand Automation, pages 1143—
the theoretical analysis also predicts that Round-Robin is 1148, 2002.
better than Rate-Based in this case. The energy perf} Yuldi Tirta, Bennett Lau, Nipoon Malhotra, Saurabh Bag

: _ Zhiyuan Li, and Yung-Hsiang Lu Controlled Mobility for Effent
mance can be predicted by the latency result. If the |a Data Gathering in Sensor Networks with Passively Mobile &ond

tency is high, it means .the (_:O_lleCtor has a larger time in'_ To Appear inSensor Network Operations, Shashi Phoha (ed.), IEEE
terval between successive visits to a cluster head. Since inPress, Wiley Publications, 2004.

all cases the same aggregate amount of data is collected by
the collector, this means the collector is spending longer



