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Abstract—Recent work on cross-layer schemes have demon- II. ANEW ARCHITECTURE FORCROSSLAYER
strated the need for a unifying wireless sensor networks archi- INFORMATION SHARING

tecture that provides more integration than the standard layered .
0S| protocol stack yet is flexible enough to support different ~ There are numerous cross-layer improvements that have

applications. In this paper, we propose a new information- been proposed to improve sensor network protocol perfor-
sharing architecture for sensor networks that can support existing mance. For example, at the physical layer, a node can use
E:g;‘;cgsev;’hrir']e rsci)me“r:?r‘fsug'yrF;]rg"i‘:lipc%‘?eli'?t:grr?,lf_osaf;‘dd‘{ggrcsrﬂ the distance to the next hop in order to utilize only the power
- | Vi . Ou W | ure utliz | f .
servicesyand gata structures for providing information that can necessqry t.o reach it—and copsequeptly (.:ontrlbut.e to lower
be shared among all layers of the protocol stack for increased contention in the network. This requires information from
network performance. This architecture has the advantage of higher layers of the protocol stack, namely the distance to
maintaining the existing OSI layer structure while enhancing the the packet’s destination node.
performance of the network by providing a common framework — gimilarly, at the MAC layer, various decisions can be made
for each pro_toc_:ol in the stack to access necessary information for about the timing of a transmission depending on the criticality
protocol optimization. ) . i .
of the data contained in a packet, which must be obtained from
the application layer. At the routing level, a protocol may elect
|. INTRODUCTION a different route based on the contention of its next-hop, or

. . it may favor r h iliz nsors th re | importan
AODV, DSR, PEAS, i3, rumor routing, IEEE 802.11, |- Moy 'avor routes that utilize sensors that are less important

; e the sensing application and thus more dispensible. At the
DAPR, SMAC,; .f)'r$CtEdt d[[f;f]u5|<)_n..|. Researcherst havke mda de activation layer, the remaining energy combined with the
NUMEToUS CONIrIbUtions 10 the WITEIESS Sensor hetwork an ticality of a node’s data may prompt a sensor to stay off.
hoc network fields in only a few years. While there is muc

" All of these cross-layer optimizations share a common
more work yet to be done, further thought needs to be IVBeme—information must be shared between the layers to

|a%?)ropriately optimize certain parameters of the individual
the performance of these protocols. protocols.

Cross-layer schemes have advanced the idea that two or
more layers can benefit from the same information; for in- )
stance, different decisions might be taken at the routing afid 1€ Need for a New Architecture
node activation levels based on the distance of the sensor t®ur goal in creating this new architecture is to support the
its next-hop neighbor. Similarly, the physical layer may wisBxchange of fundamental information that is beneficial to all
to know this information in order to transmit a packet to thétacks, and at the same time, to create an architecture that
next-hop sensor with only the necessary power to reach it.is compatible with existing and future protocols, both layered

There are two main types of cross-layer improvements: and cross-layer. To this end, we have attempted to identify a

« Information Sharingseveral layers share information. basic list of important parameters necessary for improving the

. Layer Fusion operations from two or more layers ard*€rformance of.many protocols. These include:
conducted jointly to optimize their output. « Node location.

In previous work [1], we showed that while the former can be * CN:ode retzmammg energye,(ﬁm). CPU load. RAM d
beneficial, the latter shows suprisingly little improvement in * ompute re;sources suc_t as oad, use, an
the face of other design optimizations. We therefore propose a gzmamlpg S grage (_:apactl).?{.t. h .
platform that provides support fénformation Sharingwhile + ompule and sensing abiliies such as compression, ag-
still leaving open the possibility fotayer Fusion gregation, error correcting abilities, and a set of variables
This paper is organized as follows. Sections Il and Il offer ?:setns?.r can mor(l;t:)hr. q
detailed aspects of our new architecture and how to managé ontention aroun € nodge. . .
its local data stores. Section IV provides related work, and*® SNR_ or probablht)_/ of error Xz), reflecting the quality of
Section V concludes this paper. the link to any neighbor. )
These node and network features may be required by one
This work was supported in part by NSF # CNS-0448046. or more protocols, and oftentimes they are not straightforward
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contention around a node requires specialigervicesto find

this important and time-varying information. In current archi-

tectures, the individual protocols are responsible for obtaining1) Neighbor Table:The neighbor table is comprised of the
such information, and oftentimes these services are replicatgfiowing fields, with an entry (row) for the node itself as well
in different layers, or a cross-layer design is used so that the an entry for each of the node’s known neighbors.
information is readily available to multiple protocols in the , Node ID: this is a number or description that uniquely
stack. We believe a better architecture is one that provides jgentifies a neighbor to the node. It can be either a locally
a common framework for obtaining such information and unique 1D or a global ID.

enabling all protocols in the stack access to it. « Location: this specifies the geographical coordinates of
o . the node.
B. A New Unifying Architecture « Remaining energye{..,): this is a normalized measure
We propose the new wireless sensor network architecture of the node’s remaining energy.
shown in Figure 1. Our architecture retains the layered struc-, Abilities: this specifies the node’s sensing and compute
ture such that each layer is matched to a communication capabilities, such as packet aggregation.
function in order to maintain a practical and simple design. . Entity: some nodes may be attached to (or specifically
The layers are: Physical, Medium Access Control (MAC)/Data  monitoring) a specific target, such as sensors attached to
Link, CLOI or Cross-Layer Optimization Interfac&outing, a soldier. The entity field is an XML description of the
Transport, Node Activation, and Application. Other functions  target (or targets) being monitored by the node.
useful to the global communication scheme can be linked to, Congestion: this is a normalized measure of the conges-
services with a specific position in the protocol stack. tion at the node.
The Cross-Layer Optimization Interfac€l(Ol) is a repos- 4 SNR or P,: this metric provides an evaluation of the
itory for information, such as that listed above, that may quality of a link between the node and its neighbor.
be needed by one or more protocoBLOI maintains this , Status: this indicates whether the node is On or Off.
information through two structures, a neighbor table and anot any service or protocol should be allowed to fill this

message pool, described in detail below, and it suppoHsighpor table. For instance, the MAC layer should not assume
servicesthat will fill these data structures either once Ofyat pecause it received a packet from neighBpmode A
continuously, depending on the information. will be On in the coming minutes of the runtime. Moreover,

CLOI was placed between the routing and MAC layers fof hoge's abilities need not be updated periodically, but only
two reasons. First, its location allows the interface to retrieVghen they change. Table I illustrates this structure.

much of the information sent from the node onto the network 2) Messages PoolOthers have proposed using a message

as well as many incoming packets. The second reason is thaygb)| that includes details about the received and sent mes-

offers potential for abstraction of the link layer as suggested ges [4]. We agree with the pertinence to use such a structure
in [4]. The MAC and physical layers do not have a globalg propose incorporating the following fields:
vision of the network and cannot provide enough information

about its state for automated use WiEhOI.
Finally, CLOI has no authority to make any routing, node

activation, or medium access decisiorsL.Ol simply acts e th | in Table Il Such
as an interface to the protocols in the stack, allowing thefife summarize these elements In Table Il. Such a structure,

to access common yet important information about the noagmblned with the neighbor table, can help several layers

and its neighbors that can be used to optimize the protocorlgake decisions about the routing or media access for a packet.
performance.

« A unique packet identifier,
o An XML tag describing the data,
o The priority of the packet.

C. Information Sharing Structures Ill. ADDITIONAL DESIGNISSUES

CLOI maintains both a neighbor table, storing informatioft- Information Exchange and Frequency of Updates
about the node and its neighbors, and a message pool, storin§ince it is obvious that the fields in the neighbor table
information about current packets waiting to be transmittedmust be kept up-to-date for maximum gai@l.Ol needs a



TABLE I

D. Important Services
A MESSAGE POOL IS KEPT AT EVERY NODE

PackeliD | Description | Priorfty Peripheral services n_eed to be added to the protocol stack
PID; XML tag Py to sustainCLOI . These include the following:

[ 102 [ Route Repairf] 0.9 | « ID assignment service. This could be as simple as pre-
determined ID numbers hard-wired in the sensor, or this
could be a service-type identifier, also used for routing,

method of exchanging information with th&LOI of other as proposed in [8].

nodes. This is accomplished by proactively sending out ae Location service. The geographic coordinates of a sensor

vector of information. This vector includes some or all of  are indispensable and usually assumed in most research

the fields necessary to populate the neighbor taibete 1D works in the field of sensor networks.

node location e,..,,, abilities, entity, congestion link quality « Channel estimator. Several strategies are possible, from

and status These fields will automatically be filled by the reading the back-off value for CSMA schemes, to one-

CLOI of the sending node and read by @@EQOI of the node’s hop packet delivery ratios, or measurements of the bit

neighbors. In addition, specialized services and layers will error rate.

have reading and writing access to the neighbor table through Remaining energy measurement. Although the battery

the CLOI interface. The information vector may be piggy-  Vvoltage degrades in a non-linear fashion, this is a good

backed onto broadcast packets or sent as a special packet. indicator (when mapped through a look-up table) of

The inherent mode of propagation for the information vector the remaining energy at the node. A service is needed

is one-hop broadcast. to access the current battery voltage and perform the
Dedicated services withi€LOI take care of updating the mapping from voltage to remaining energy.

fields of the neighbor table and message lists. However, some

protocols exchange important data about their status at pre- IV. RELATED WORK

determined timese(g, GPSR [7]), and this may not agree with |, (4], Culler et al. propose SNA, a new architecture whose
the schedule imposed 5. Ol . Thus,CLOI has an automatic goais are markedly different than ours. SNA tries to create
update knob that such protocols may control. At the protoco%1 abstraction level above the MAC layer to compensate for
requestCLOI will automatically perform an update function,ihe muttiplicity of platforms available today. While different

sending out a vector with its information. in their objectives, our two architectures seem compatible.
Other layers in the protocol stack may infor@LOI to

update the neighbor table fields as well. For instance, the V. CONCLUSIONS ANDFUTURE WORK
node activation layer should notif¢LOI of the status of a ' . . . .

neighbor when it receives explicit notification from that node., We propqsed an mformajuon-sharlng archlte_ctu_re _that fa-
For example, in the case of PEAS node activation [Zjrabe cilitates horizontal and vertical cross-layer optimizations in

reply is a clear indication that the issuing node is active (onj/ireless sensor network€LOI k?eps updated information
and thus PEAS should notifZLOI to set the status of the ON the network state, the nodes’ states and the messages to
issuing node to “on’”. be sent. All layers have access to the information maintained

by CLOI , which ensures that all layers of the protocol
B. Extending the Architecture stack can benefit from cross-layer optimizations facilitated
through information-sharing. Our future work will focus on

The neighbor table and message pool should provide PiRciuding application requirement information to this general
visions to be extended as the need for additional fields ari hitecgt]urtfp q g

by new or existing protocols. This will help to ensure com-
patibility with most designs. For the neighbor table, additional
entries should be appended to the end of the table and added

to the information vector. For example, additional fields could! C-Merlin and W. Heinzelman, “Cross-Layer Gains for Sensor Networks”,
P Proc. DCOSS '06 Poster Sessjalun. 2006.

include a gradient in_ the case of GRAB [5]_,_a tfigg_efiiﬂ"{ﬁli [2] F. Ye, G. Zhong, J. Cheng, S. Lu, L. Zhang, “PEAS: A Robust Energy
an application cost in DAPR [3], etc. Additional fields in the  Conserving Protocol for Long-lived Sensor NetworkslCDCS '03
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