
LA6

Local Aggregation in the Internet of Things

Bruno Graça Coelho
bruno.coelho@ist.utl.pt
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Abstract

We live in a changing world, extremely dynamic, resulting in a constant technological evolution
which will lead us to an Internet of Things reality, where everything is connected. However, the current
6LoWPAN standard proposed by IETF has some efficiency problems which can make its application
on wireless sensor networks not viable. Even though the current literature and implementations
already contemplate the use of 6LoWPAN in this type of networks, it does so in a non data-centric
way.

This thesis proposes a data-centric solution designed for wireless sensor networks reality, that will
overcome the current viability issues of 6LoWPAN in these networks through the integration of an
in-network data processing aggregation mechanism.

In resume, this data aggregation mechanism increases dramatically the sustainability and
network lifetime of 6LoWPAN based wireless sensor networks, contributing directly to 6LoWPAN
sustainability.
Keywords: data aggregation, 6LoWPAN, wireless sensor networks, Internet Of Things, CTP

1. Introduction
We live in a changing world, extremely dynamic,
resulting in a constant technological development.
It started with the World Wide Web, in the 90’s,
nowadays we live in a Mobile Internet paradigm
and looking ahead is expected the third, and po-
tentially most ”disruptive” phase of the Internet
revolution, the Internet of Things (IoT) [2]. Today
there are roughly 1.5 billion Internet-Enabled per-
sonal computers and over 1 billion Internet-Enabled
cell phones. With this revolution 50 to 100 billion
devices connected to the Internet by 2020 are ex-
pected.

The IoT will connect the objects of the world
in both a sensory and intelligent manner combin-
ing technological developments in item identifica-
tion (”tagging things”), sensors and Wireless Sen-
sor Networks (WSNs), (”feeling things”), embed-
ded systems (”thinking things”) and nanotechnol-
ogy (”shrinking things”)[9]. This will lead us to a
new model of human-computer interaction in which
information processing is thoroughly integrated into
everyday objects and activities. This paradigm can
also be described as pervasive computing[7] where
”the things think”. Such pervasive computing cre-
ates the need of convergence between the actual
WSNs[1, 3] and Internet. Wireless embedded de-

vices have processor, memory and energy consump-
tion constraints, the short communication range and
dynamic environment makes WSNs highly unsta-
ble. Hence, WSNs have very different needs, in
contrast to wired networks, which could justify a
redefinition of the overall structure of Internet Pro-
tocol (IP) applications and services.

On the other hand, there have been significant
advances in WSNs, with smart phones and some
improved embedded devices capable of providing
seamless interaction experience with IoT. There are
still great challenges in the development of perva-
sive work support systems, WSNs are data-centric,
i.e., a sensor node does not need an identity (ad-
dress) because the communication is performed ac-
cording to the information conveyed. Traditional
networks demand the use of IP addresses, address-
centric, and their operations are based on a point-
to-point architecture versus the many-to-one Wire-
less Sensor Network (WSN)’s paradigm.

To deploy the IoT concept requires an enormous
address space. In the actual context the Internet
Engineering Task Force (IETF) proposed Internet
Protocol Version 6 (IPv6)[4] which has addresses
with 128 bits against the 32 bits of IPv4. From the
junction of IPv6 and WSNs, IPv6 over Low power
Wireless Personal Area Networks (6LoWPAN)[5, 8]
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was created in order to be the main standard behind
IoT.

6LoWPAN stems from the idea that IP should
be applied even to the smallest embedded devices,
so the IETF developed an adaptation layer to pro-
vide encapsulation and header compression mech-
anisms that allow IPv6 packets to be sent and re-
ceived over IEEE 802.15.4 based networks. 6LoW-
PAN can guarantee interoperability between WSNs
and Internet, due to IPv6. Nevertheless, this inter-
operability can hardly be absolute, because Inter-
net is based on the traditional IP protocol which is
application-independent, address-centric, with one-
to-one communications, high data-rates, and with
almost no resource constraints. On the other hand,
WSNs are application-specific, data and location
centric, with typical data flows one-to-many and
many-to-one, supporting low data-rates, and are re-
sources constrained[10].

In this context, to be viable, 6LoWPAN needs
to be improved with some features, such as aggre-
gation functions which will favour robustness, scal-
ability and energy sustainability. Data aggregation
is the process of aggregating data from multiple sen-
sors in order to avoid redundant transmissions and
assure compressed information to the data repos-
itory. Aggregation functions are mechanisms that
optimize wired or wireless sensor communications
according to information gathered by the sensor
nodes. Such mechanisms have been studied since
the beginning of WSNs research and they can im-
prove the WSN objectivity, reduce the energy con-
sumption, and deepens the data-centric paradigm
in order to better satisfy the user’s application[6].
Nowadays there are several solutions within tradi-
tional WSN, such as Low-Energy Adaptive Clus-
tering Hierarchy (LEACH), Collection Tree Proto-
col (CTP), Power-Efficient Gathering in Sensor In-
formation Systems (PEGASIS), Directed Diffusion
etc. However for 6LoWPAN there are no solutions
developed, deployed, and properly tested.

2. State Of The Art
In order to clarify the issues, understand the con-
straints and identify hypothetical implementation
opportunities, will be discussed the existent aggre-
gation solutions keeping in mind that the final de-
ployment scenario is a 6LoWPAN Wireless Sen-
sor Network. Regarding the traditional WSN is
unequivocal that a WSN deployment is impossible
without some type of In-Network data processing
mechanism, such as, routing protocols or data ag-
gregation mechanisms.

The actual aggregation mechanism literature is
vast and only considers solutions for the traditional
WSN, and none for 6LoWPAN. After the research
realized it was concluded that does not exist any

theoretical aggregation solution or implementation.
The actual 6LoWPAN standard, and Berkeley

Low-power IP stack (BLIP)’s implementation sup-
ports Mesh-Under and Route-Over. Therefore it
is possible to incorporate aggregation mechanisms
in both layers, at network and within 6LoWPAN
adaptation layer.

The classical view of IP routing (Route-Over)
presupposes a permanent connectivity between nodes
which demands a network graph (topology forma-
tion), an address-based and table-driven routing al-
gorithm. The previous assumptions are against the
WSN paradigm, where there is no network graph, a
priori, and no addressing or connection guarantees.
To make things worse IEEE 802.15.4 networks are
limited in bandwidth, power transmission, coverage
range, memory, CPU processing, and battery.

The Route-Over approach is address based con-
sequently it requires 6LoWPAN fragmentation and
reassembly at every radio hop. As a consequence
the transmission of fragments of a given datagram
to its final destination through multiple paths can
not be done (fragmentation and reassembly is per-
formed at 6LoWPAN adaptation layer, and there-
fore, only the first fragment carries the IP header).
The previous characteristic limits the appliance, of
any aggregation mechanisms which use multi-path
routing. IP routing in Low Power Wireless Personal
Area Networks (LoWPAN) is also limited by some
characteristics, such as the forwarding on a single
interface, the common IPv6 network prefix shared
by all sensor nodes, which are strict resource con-
strained.

In other hand, the Mesh-Under approach Per-
sonal Area Network (PAN) is a single IP link. This
paradigm derail the use of network diagnostic tools,
such as traceroute or Simple Network Management
Protocol (SNMP), because every node is one hop
away. In this context if the data aggregation so-
lution will be a Mesh-Under solution it must co-
exist with the IPv6 reality of 6LoWPAN to avoid
the development of new tools. Despite of that the
Mesh-Under approach is more flexible because it al-
lows fragment transmission over multiple hops with-
out requiring fragmentation and reassembly at each
hop. Mesh-under also provides the use of multi-
ple paths to deliver fragments of a given datagram
favouring the aggregation development.

The data aggregation solution can also be im-
plemented at application level. However this solu-
tion is not practical because it would require that
every sensor node should have that application in-
stalled causing interoperability problems with other
applications. This approach is also inadequate be-
cause it would require that every packet should pass
through all decapsulation steps in order to evaluate
if the data conveyed should be aggregated or not.
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This reality would require unnecessary processing
and complexity.

According to the research performed and in our
perspective the adequate aggregate solution should
be developed at 6LoWPAN Mesh-Under routing level
due to its reliability to deliver fragments, and out-
performs Route-Over in terms of delay, processing,
flexibility, fits well in a stub network paradigm, de-
spite having additional complexity and not offering
a transparent global connectivity.

After the analysis realized to the literature, the
well suited existent aggregation mechanism to fit
into a 6LoWPAN is CTP, despite being address-
free, its network topology fits well in 6LoWPAN
network topology. Although having some issues
identified, CTP has the advantage of being a well
tested routing protocol with embedded aggregation.
It was also the chosen protocol to be incorporated
in TinyOS 2.x implementation. The fact of being
address-free can be useful, because at each level the
sensor nodes know to which node they should send
the information to, and so can avoid the use of ad-
dresses when they are not necessary, in the aggre-
gation process.

Resuming, the intent of this work is the devel-
opment of a data aggregation mechanism to 6LoW-
PANs based on CTP without affecting 6LoWPANs
thus contributing to make 6LoWPANs more ade-
quate to WSN reality.

3. 6LoWPAN In-Network Data Aggregation
Mechanism Architecture

3.1. 6LoWPAN In-Network Data Aggregation Mech-
anism Architecture Overview

BLIP implements 6LoWPAN stack over TinyOS through
the instantiation of the architecture composed by
composed by IPDispatch, IPRouting, IPAddress and
IPExtensions components. Its architecture organi-
zation uses a central component, IPDispatch, sup-
ported by the remaining modules, each one respon-
sible for different operations, complementing IPDis-
patch in its functionalities. As a consequence the
previous code organization. The LA6 solution ar-
chitecture, to be viable, can not be defined without
IPDispatch. Therefore perform data aggregation,
LA6 In-Network Data Aggregation must intercept
every data message to decide whether to aggregate
or to forward the data message. Data aggregation
mechanism should be based on a tree-based routing
protocol in order to create, and take advantage of
the data aggregation opportunities. Regarding this
subject, CTP is definitely the de facto data col-
lection protocol of traditional WSNs. Therefore, in
order to meet the solution requirements, some func-
tionalities of CTP were incorporated in the data
aggregation solution.

Analysing CTP it was concluded that to enable
a tree-based routing protocol, the following three

components: LinkEstimator, CtpRoutingEngine, Ctp-
ForwardingEngine are necessary.

In Figure 1 is shown how these components are
integrated in the proposed in-network data aggre-
gation solution. Despite taking advantage of CTP,
this solution is designed to avoid being dependent of
CTP to perform data aggregation. To ensure this,
an additional component, AggregationEngine was
developed. This component is responsible for per-
forming data aggregation regardless of the routing
protocol used in the aggregation process. In other
words, this solution takes advantage of CTP tree-
based routing to create data aggregation opportuni-
ties that will be used by the AggregationEngine to
perform data aggregation. The design approach is
extremely flexible and adaptive because it ensures
data aggregation independent by the routing proto-
col or the routing approaches used, namely Mesh-
Under and Router-over.

The interactions with AggregationEngine com-
ponent are only realized from the Intercept inter-
face. Since every data message traffic flows through
IPDispatch, all data messages will be intercepted
and analysed by the Intercept interface and accord-
ing to the information pigged-back in the additional
CTP header it decides whether to aggregate or to
forward data messages. Thus, the possibility of
analysing the packets is given by the additional
header inherited from CTP. This additional CTP
header is carries the aggregation identifiers upon
what the aggregation decisions are made.

All possible cases are shown in Figure 2. The
LA6 data aggregation solution will have six pos-
sible cases. If the AggregationEngine is perform-
ing any kind of data aggregation, at some point
the AggregationEngine will deliver the aggregated
information to the WSN applications (highlighted
by the blue arrow). That case is visible in Fig-
ure 2, and is the first case enumerated in the figure
caption. On the contrary, the opposite situation
can also happen, when the WSN application is pro-
ducing some type of information that is redirected
to IPDispatch for transmission but is intercepted
and routed to AggregationEngine where is aggre-
gated (highlighted by the green arrow). The previ-
ous two situations were invocations where Aggrega-
tionEngine and WSN Applications changed aggre-
gated information.

However it can also happen the other case where
the information sent by the WSN Applications is
susceptible of being aggregated, but according to
AggregationEngine configurations, it does not in-
terest to this sensor being immediately forwarded
by the CtpForwardingEngine (highlighted by the
orange arrow). The other case of information not
being forwarded is the case where a mote receives
an aggregated message, or a message that is suscep-
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Figure 1: LA6 In-Network Data Aggregation Architecture.

tible of being aggregated in the present sensor. In
this case, the message is redirected (highlighted by
the purple arrow) to the AggregationEngine where
it is processed.

Finally, when performing data aggregation the
AggregationEngine send a message at the end of
every aggregation interval. These aggregated mes-
sages are produced at the AggregationEngine and
forwarded by the CtpForwardingEngine (highlighted
by the light green arrow). As a matter of fact, the
implementation of the Intercept interface, in IPDis-
patch is a critical strategic element within LA6 Data
Aggregation Mechanism. IPDispatch is also respon-
sible for interacting with 6LoWPAN adaptation layer
where the data packets are processed (IPv6 header
compressing). This modular design approach was
developed to preserve the existent BLIP functional-
ities reducing to a minimum the modifications im-
plemented in the IPDispactch core component of
BLIP architecture.

3.2. LinkEstimator Module
The data aggregation solution incorporates the Link
Estimator module because it is responsible for de-
termining the inbound and outbound quality of the
one hop communication links (Expected Transmis-
sion (ETX)). It is upon to this metric that the next-
hop is picked and so the tree-based routing is built
and sustained. LinkEstimator calculates ETX met-
ric by collecting statistics from the number of bea-
cons received and from the successfully transmitted
data packets.

3.3. CtpRoutingEngine Module
CtpRoutingEngine was also incorporated in our data
aggregation solution because it is responsible for
sending and receiving beacons, as well as creating
and updating the routing table that governs CTP
tree-based routing operation. In other words, Ct-
pRoutingEngine is important to the proposed solu-
tion because with the support of LinkEstimator it is
responsible for maintaining the tree-based network
topology, controlling the beacon transmission and
defining the next-hop for packet transmission.

3.4. CtpForwardingEngine Module
The CtpForwardingEngine is the last component
being reviewed but is by no means of less impor-
tance for the proposed architecture. CtpForwardin-
gEngine will be responsible for forwarding aggre-
gated data packets produced locally or received from
neighbouring nodes. Within the developed solution,
this component will be used to transmit, manage
and control all aggregated information. The Ctp-
ForwardingEngine will send aggregated data mes-
sages according to the next-hop indicated by the Ct-
pRoutingEngine, so the rooting will be done upon
link-layer addresses, Mesh-Under.

3.5. AggregationEngine Module
This component will be invoked in IPDispatch by
the Intercept interface. It is also a critical compo-
nent because it manages the aggregation configura-
tion and according to it decides whether to aggre-
gate or to forward the messages intercepted. The
data packets susceptible of being aggregated are
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Figure 2: In-Network Data Aggregation invocations process.

different from the others because they possess an
additional CTP Header that encapsulates the data
packets susceptible of being aggregated. The result-
ing encapsulation can be seen in Figure 4. Thus
the CTP header will encapsulate the message con-
tent, the compressed IPv6 header (OSI layer 3) and
the UDP / TCP (OSI layer 4) header. LA6 ar-
chitecture takes advantage of the code organization
to perform data aggregation based on the informa-
tion conveyed at the link layer level header. This
approach will theoretically avoid unnecessary IPv6
decapsulation and data processing.

In fact, the AggreggationEngine intends to be
an independent module that can be used through
a predefined interface, rather Intercept, indepen-
dently of the circumstances of its invocation. This
characteristic enables its invocation regardless of
the routing approach. This modular approach al-
lows the use of this component to perform aggrega-
tion even if CTP is not being used because it only
needs an aggregation identifier to perform it.

Due to the AggregationEngine independence it
will also be responsible for managing the aggre-
gation configuration options, as well as additional
statistics functionality. These functionalities shall
be borne by AggregationEngine because these op-
erations should be independent of the routing mech-
anism being used.

4. 6LoWPAN In-Network Data Aggregation
Implementation

In order to take advantage of the existent BLIP im-
plementation some interfaces were developed link-

ing BLIP components with the new modules be-
ing incorporated. Additionally, was used condi-
tional compilation. So, the implemented solution
uses compilation flags to separate the existent BLIP
functionalities, from the new functionalities added
by the LA6 In-Network Data Aggreation solution.
This conditional deployment allows the use of LA6
In-Network Data Aggregation as an add-on. There-
fore, the implemented solution gives to the user the
option to use or not the LA6 In-Network Data Ag-
gregation mechanism.

After ensuring that CTP key components are
loaded, these must be linked with the existent BLIP
core components, namely IPDispatch. To do so and
to ensure total interoperability, the interfaces Ct-
pRoutingEngine and CtpForwardingExtension were
developed along with the adaptation of the Root-
Control, CtpInfo, CtpCongestion, UnicastNameFreeR-
outing and Intercept interfaces. All these interfaces
will only be invoked within CTP flags context as-
suring that if these flags are not active, the existent
BLIP solution would operate flawlessly.

4.1. RoutingEngine
The routing mechanism implemented is based in
CTP tree-based routing. The developed solution
incorporated CtpRoutingEngine and LinkEstima-
tor in BLIP. This approach separates the traditional
IPv6 traffic from the data aggregated traffic. This
approach sends the aggregated traffic according to
a tree-based routing implemented by CtpRoutin-
gEngine while the traditional IPv6 traffic will flow
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according to the existent routing implementation of
IPRouting.

To link the CtpRoutingEngine with IPDispatch,
the CtpRoutingEngine interface was developed. This
interface is composed by the following procedures:

• command error t start()
The procedure start() is invoked in IPDispatch
when the sensor mote boots. Its invocation
starts the timer RouteTimer, implemented in
CtpRoutingEngine. This timer is responsible
for the periodic execution of the CTP task
that will update the CTP routing table main-
tained by CtpRoutingEngine. This task eval-
uates the neighbour link quality and accord-
ing to it, starts a BeaconTimer that imple-
ments a Trickle algorithm for sending CTP
beacons. For a detailed analysis of CTP bea-
con see Figure 3. Upon the beacon reception,
the LinkEstimator is invoked to calculate the
ETX. Through the execution of the start pro-
cedure, a sequence of events is triggered from
which results the definition of the next best
hop for transmission.

• command error t stop()
The procedure stop() was implemented to do
the opposite.

Figure 3: Beacon Message format.

After the implementation of the previous inter-
faces, some modifications were realized in interfaces
UnicastNameFreeRouting, CtpInfo and CtpConges-
tion. Regarding the UnicastNameFreeRouting in-
terface, in the traditional CTP it is responsible for
passing the best next-hop (parent) address from Ct-
pRoutingEngine to CtpForwardingEngine using the
procedure nextHop(). Therefore, in the present im-
plementation it was adapted to convert the AM ad-
dresses given by CtpRoutingEngine to short IEEE154
identifiers. Those addresses will be used by the For-
wardingEngine as IEEE154 addresses for the aggre-
gated messages, enabling a mesh-under routing ap-
proach. In addition the CtpInfo and CtpCongestion
interfaces are important for CTP header manipula-
tion. Since the CTP data packet was modified to be
incorporated in IEEE154 frames, the procedures of
this interface were reimplemented in order to keep
its functionality.

4.2. ForwardingEngine
Considering that the routing approach used in the
LA6 solution shall implement a forwarding tool for

sending and forwarding messages using link layer
IEEE154 addresses given by the RoutingEngine, the
ForwardingEngine implementation is based in Ctp-
ForwardingEngine from CTP. However, since the
transmission stack used is the IEEE154, some mod-
ifications were made.

The implemented procedures use a data struc-
ture inherited from IPDispatch. The CTP imple-
mentation of CtpForwardingEngine used queues con-
taining structures of this type fe queue entry. Dur-
ing the implementation process those structures were
replaced by the structures used in IPDispatch, send entry t.
This modification gives more flexibility, transparency,
and ensures less memory usage. This modifica-
tion is essential because send entry t structure con-
tains some additional attributes oriented to IPv6
paradigm, such as, the fragmentation flag that in-
dicates if the packet is fragmented or not.

To incorporate CtpForwardingEngine in BLIP,
the interface CtpForwardingExtension was devel-
oped and, according to the necessity, were created
the following procedures:

• command error t send(send entry t * agg msg,
uint8 t aggID, uint8 t port)
This procedure is used for sending aggregated
data messages produced locally. It is invoked
in the IPDispatch component to send aggre-
gated data messages according to the best next
hop determined by the RoutingEngine. Thus,
the sending process is done according to the
IEEE154 link layer address. To do so, the
transmission AM interface was replaced by
the IEEE154Send. In this case, the imple-
mented RoutingEngine will only use the IEEE154Send
interface because the IEEE154Frames will be
received in IPDispatch. This decision results
from the necessity of having a unique local
where all data frames converge, in order to
intercept them.

• command error t forward(send entry t
* ctp entry, struct ctp data header * ctp hdr,
uint8 t * fw pos)
This procedure is used for forwarding aggre-
gated messages that are not produced locally.
Instead, they are intercepted in the IPDis-
patch, but will not be processed locally. There-
fore, despite having the additional CTP header,
these messages will be forwarded to the best
next hop according to the RoutingEngine. In
this case, the only operation made is the CTP
header process and message forwarding.

Additionally, it shall be highlighted that in LA6
implementation the role of CtpForwadingEngine is
different from the role and the context of CTP.
In this implementation CtpForwardingEngine was
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incorporated as an alternative add-on used to for-
ward the data aggregation messages. Because of
that, some functionalities of CtpForwardingEngine
became inadequate and useless. This situation and
the memory constraints lead to the removal of the
interface CtpPacket. Keeping this minset, it was
also decided to move the implementation of the In-
tercept and RootControl interfaces to the IPDis-
patch component. This modification is crucial for
the LA6 implementation. The Intercept interface
links the AggregationEngine component that stores
the aggregation configurations, based upon the ag-
gregation decisions and the ForwardingEngine that
sends the aggregated messages.

Figure 4: LA6 data aggregation message format.

So far, the BLIP implementation and the incor-
poration of CTP components have been reviewed.
Furthermore, the information that is not in the CTP
header is the origin address of the data packet, al-
though in IEEE154 frames this information is al-
ready in the conveyed message. As such, this re-
moval was advantageous, reducing the overhead in
2 bytes.

4.3. Queueing, Congestion Control and Duplicate
Message Detection

Regarding CTP it possesses its own queues, a con-
gestion control and duplicate message detection mech-
anism. The LA6 Forwarding component keeps all
those functionalities despite the modifications real-
ized.

The CTP queuing system is composed by a per-
client (WSN applications running on each mote)
queue, and by a hybrid send queue. Regarding
the implementation process, and despite the mem-
ory limitations, it was possible to maintain both
queues. However, some conceptual over CTP could
not be avoided. The CtpForwardingEngine Queue
system used client identifiers to identify each WSN
application running on the mote. In the LA6 solu-
tion, the ForwardingEngine lost its relation with the
WSN applications, and as such, cannot use a client
identifier to each WSN application. To overcome
this issue the LA6 Queueing system reimplemented
the client queues using the application port as the
identifier of the WSN application. Therefore, this
adaptation will unequivocally identify the WSN ap-
plication sending each data message.

Additionally, it shall be mentioned that the Queue

(FIFO) and Pool structures used in CTP, IPDis-
patch and ForwardingEngine are the same and op-
erate over two different stack implementations: AM
and IEEE154. However, both stacks process mes-
sages to send in a round-robin fashion, keeping the
fairness of the FIFO implementation of the up lay-
ers. Therefore, despite changing the stack below the
CtpForwardingEngine, this modification does not
affect the fairness of the new AggregationEngine,
maintaining CtpForwardingEngine intact for this
subject.

Regarding Congestion Control Mechanism, it is
important to state that after the modifications real-
ized in the CTPCongestion interface this function-
ality was preserved, because it was adapted to the
new format of the CTP data packet, see Figure 4.
Thus, the ForwardingEngine can detect traffic con-
gestion, viewing the congested bit, C, or analysing
the pull bit, P. Since, the analysis of these header
fields is possible then the ForwardingEngine will be
capable of adapting its transmit timers according to
the congestion state or according to the link qual-
ity information piggy-backed in the new aggregated
message.

Finally, the issue of duplicate messages trans-
mission is properly addressed by the implementa-
tion made in ForwardingEngine. The proposed so-
lution is based upon the CTP approach. It uses
a cache to keep the last messages sent, and so, to
verify if any of the aggregated messages received is
a duplicate. If so, it is dropped. As stated pre-
viously, the aggregated messages convey an addi-
tional CTP header that contains a sequence num-
ber and THL. The ForwardingEngine implementa-
tion detects duplicate messages verifying these two
values and the IEEE154 source address carried in
the IEEE154 frame.

4.4. Aggregation Engine
The AggregationEngine will only be accessible from
the IPDispatch. Its invocation is done at the Inter-
cept interface. This ensures that all received pack-
ets will, at some point, be analysed. This evaluation
is performed using the Aggregation interface called
Aggregator. This interface is implemented by Ag-
gregationEngine and invoked in IPDispatch. It is
composed by the following procedures:

• command TSNMsg t* aggregate(uint8 t
aggID, TSNMsg t * data)
This procedure is critical. It is invoked by
the IPDispatch Intercept interface. This pro-
cedure returns the aggregation desision. The
aggregation identifier is carried in the addi-
tional header and identifies what type of data
is conveyed and what aggregation function shall
be appllied, in case of performing aggregation.
This procedure receives this information and
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verifies if the mote is configured for aggregat-
ing this aggregation identifier.

• command error t receive(void * TSN-
Msg, struct ip6 hdr * ip, uint8 t aggID)
This procedure is used to deliver the aggre-
gated information to the WSN applications,
or to the sink node that receives all aggre-
gated data. The receive command will only be
invoked when delivering the aggregated con-
tent to the respective WSN application, or
when the sensor is the tree root. The interface
RootControl reimplemented in IPDispatch in-
forms if the sensor is the root node. If so, all
aggregated messages will be delivered to the
sink node through this procedure.

• command error t configure(unpack info t
u info, struct ip6 hdr * ip, uint8 t sen-
sorMsg type, uint16 t sensorMsg data)
This procedure enables aggregation configura-
tion. Its implementation achieves that trans-
mitting a configuration message from the LA6
Web Service. These configuration messages
will contain the aggregation interval and the
aggregation identifier. The configuration mes-
sage is always sent to a specific sensor. These
configuration messages can also be used to
configure the statistics. In these cases, some
specific identifiers are used. Whenever it is in-
tended to stop an aggregation process, config-
uration message is sent with the aggregation
identifier and the aggregation interval equals
to zero.

All these configuration messages, will be re-
ceived and processed by the configure proce-
dure. Upon the reception of these messages,
an aggregation timer will be triggered for that
specific aggregation identifier with the aggre-
gation delay defined according to the aggre-
gation interval conveyed in the configuration
message.

The configuration functionality is independent
of the LA6 In-Network Data Aggregation Mech-
anism because the configuration messages are
routed according to IPRouting implementa-
tion.

4.5. IPDispatch
Concerning the existent BLIP implementation shall
be stated that the changes realized in BLIP imple-
mentation are minimal. In order to integrate the
data aggregation mechanism was reimplemented in
IPDispatch the Intercept interface, the RootControl
interface. These interfaces were migrated to IPDis-
patch component due to its central role in BLIP and
consequently in LA6 Data Aggregation Mechanism.

The Intercept interface implementation possesses
one single procedure, forward(), that is invoked every-
time a message is intercepted. This procedure was
implemented to forward all messages that are not
aggregated or not delivered to the sink node. The
messages not susceptible of being aggregated, not
carrying the additional CTP header will pass with-
out suffering any processing. This condition imple-
mented in Intercept interface will permit the normal
operation of the existent BLIP implementation.

• default event bool forward[uint8 t ag-
gID](send entry t * ctp entry,
unpack info t u info, struct ip6 hdr *
ip, struct ctp data header * ctp hdr,
uint8 t * fw pos)

On the other hand the data messages convey-
ing the additional CTP header will be intercepted
and redirected to the appropriate component to be
aggregated of forwarded at AggregationEngine and
ForwardingEngine respectively.

IPDispatch component is linked with the 6LoW-
PAN adaptation layer implementation through the
procedures getNextFrag and unpackHeaders. These
procedures are used for encapsulation and decapsu-
lation respectively. Through these procedures BLIP
enable the 6LoWPAN adaptation layer and its func-
tionalities, such as, header compression. With the
LA6 Data Aggregation solution these procedures
will keep its function, but with the additional func-
tionality of handling ctp data header as well.

To assess the In-Network Data Aggregation Mech-
anism effectiveness, a test application was devel-
oped to work with a data gathering application that
was developed to operate with the developed so-
lution in a real environment. The deployed test-
bed was built to reproduce real-life WSN conditions
very closely and, as such, simulates multiple nodes
arranged according to a specific topology. The de-
ployment infrastructure has an interface to provide
information regarding the node’s capabilities to the
user through which he has the possibility of con-
figuring the gathering of environmental conditions
measurements.

4.6. Overhead Analysis
Regarding Figure 5, in terms of overhead traffic the
LA6 In-Network Data Aggregation is worse than
the existent 6LoWPAN implementation. This re-
sults from the fact that, LA6 In-Network Data Ag-
gregaton solution needs to maintain the tree-based
routing protocol, and to do so, it will need more
control messages than the traditional 6LoWPAN
implementation that does not implement any con-
crete routing strategy.
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Figure 5: Overhead number of bytes comparison be-
tween LA6 In-Network Processing Mechanism and
traditional 6LoWPAN.

4.7. 6LoWPAN Tagus-SensorNet Test-bed
A data sensing application was deployed to sense
and transmit the results over the air in every minute.
This experience was realized in 6LoWPAN Tagus-
SensorNet Test-bed. In this scenario the 6LoWPAN
nodes are organized in chain. Considering that ev-
ery node in the 6LoWPAN performs data aggre-
gation this network architecture will represent an
optimal scenario. However, the chain architecture

Figure 6: Energy consumption comparison between
LA6 In-Network Processing Mechanism and tradi-
tional 6LoWPAN.

increases the aggregation delay. Due to the aggre-
gation interval defined of five minutes, the transmis-
sion of an aggregated message will only be realized
every five minutes. As is visible in Figure 6 the
improvement obtained with the developed solution
is substantial.

4.8. Test LA6 Adaptive Control Traffic
In this test was analysed the behaviour of the WSN
when a new node enters. In this situation all nodes
started transmitting beacons to accommodate the
new node. With this mechanism the developed LA6
in-network data aggregation took advantage of the
functionalities inherited from CTP to adapt its tree-
based routing topology to perform data aggrega-
tion. So, regarding figure 7, there is an increase of

Figure 7: Number of beacons transmitted when de-
tected a new node appears.

the messages transmitted by the neighbours nodes.
Therefore, It is possible to conclude that the inte-
gration of CTP functionalities are well implemented.

5. Conclusion
The traditional WSNs are data-centric networks used
mainly for sensing the environment and transmit
collected information cooperatively using a multi-
hop communication paradigm. The WSNs imple-
ment a multi-point to point network, where all nodes
sense the environment and communicate the infor-
mation until the sink node that passes the infor-
mation to a central repository. Over the previ-
ous deployment scenario 6LoWPAN implements an
address-based point-to-point communication paradigm
that collides with the point-to-multipoint data-centric
WSN reality. Until this work, nothing was made
to overcome this obstacle. Considering the exis-
tent state-of-the-art, until this work there was no
in-network data processing mechanism solution de-
signed or implemented for 6LoWPAN. Even though
from the data aggregation mechanisms implemented
for the traditional WSN, CTP was identified as the
de facto data collection protocol. CTP is widely
accepted by the research community. As a result of
the necessity of improving 6LoWPAN implementa-
tions this dissertation proposes the LA6 In-Network
Data Aggregation Mechanism capable of creating
opportunities to perform data processing within a
6LoWPAN. To do so, adaptations to the existent
CTP tree-based routing mechanism were done to
the 6LoWPAN BLIP implementation. Regarding
the implementation process, the solution was im-
plemented by phases, integrating the CTP compo-
nents first. Through the integration of CTP com-
ponents, its tree-based mesh-under routing proto-
col was incorporated. To take advantage of CTP
an independent AggregationEngine component was
implemented, responsible for performing data ag-
gregation. The modular implementation provides
some flexibility that was used to implement data
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aggregation configuration and producing statistics.
The LA6 solution not only implements data aggre-
gation, but also creates the conditions to accom-
modate other in-network processing mechanisms.
Finally, considering the tests done over the imple-
mented LA6 solution, it was concluded that CTP
has much more overhead traffic than the default
6LoWPAN routing implemented in BLIP. Never-
theless, the savings obtained using the implemented
LA6 data aggregation are significant and compen-
sate the energy wasted transmitting the additional
CTP header and CTP Beacons. The advantages
of using the LA6 In-Network Data Agggregation
are substantial and will contribute directly for en-
ergetic 6LoWPAN node viability, and consequently
to 6LoWPAN WSN lifetime.
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