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Abstract: A new concept of a hybrid ad-hoc network is presented. We illustrate two message exchanging functions which 
employ External Connection Updating (ECU) and Internal Connection Updating (ICU) messages to establish and maintain 
connections between stationary and mobile nodes. By avoiding repeated connection updates and unnecessary pilot message 
channel monitoring, it is possible to reduce the amount of energy used due to receiving and transmitting these messages. 
By exploiting the expected distance to the transmission fringe of a connected node, a method to delay connection updates is 
derived as a probabilistic equation, depending on received SNR, confidence factor, and certain environmental attributes. The 
result does not depend on MAC level protocol specifics, and the results scale with transmission distance and required SNR. 
The confidence factor will govern how conservative the movements will be. Then, by exploiting the proximity of the mobile 
node to the stationary node, the probabilistic equation derived for the suspension of pilot channel monitoring was shown to 
be similar to the earlier result. We conclude that for scenarios where multiple connections are possible, these power control 
schemes are able to avoid connection maintenance and formation whenever possible if reliable connections are present. The 
benefits of using such schemes become more apparent as the frame length or the mobile node velocity is reduced. 
Furthermore, as past signal measurement information is used, there is an improvement in energy efficiency at the slight cost 
of increased error rate. 
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I. INTRODUCTION 

 
The departure from traditional wired networks has 

brought about a shift in the primary concerns which 
need to be addressed when designing protocols of 
operation for wireless networks. While, like their 
wired counterparts, wireless networks are interested 
in high throughput and low-cost design, network 
priorities will dictate a tradeoff for an increase in 
power efficiency and bandwidth optimization. In 
particular, we consider adhoc networks. These peer-
to-peer networks are composed of tens to hundreds of 
possibly homogeneous nodes with sensing and 
processing capabilities. These nodes will 
communicate through the wireless medium, achieving 
ranges of communication of up to hundreds of 
meters. The ad hoc nature of these networks arises as 
the nodes are either (a) required to configure a MAC 
level link architecture without the aid of a centralized 
protocol  

(Stationary network), or (b) required to adjust 
MAC level connectivity in the face of a varying 
topology (mobile network). Generally, ad-hoc 
networks have been analyzed by assuming that all 
nodes within the network have similar mobile 
tendencies. We define wireless ad hoc network which 
provide support for both mobility and stationary 
sensor nodes as Hybrid Ad-Hoc Wireless Sensor 
Networks (HANETs). The configuration of the 
HANETs considered here consists of a densely 
populated stationary wireless sensor network, with its 
own abilities and protocols, which is able to support a 
low degree of mobility within a small subset of 
nodes. A stationary ad-hoc network is able to form 

link-level connections, as well as provide multi-hop 
routing paths to a sink node, without the use of a 
centralized processing node. On a functional level, 
these stationary wireless nodes can act as a backbone 
sensing network, while the mobile nodes can engage 
in tasks such as widespread environmental sampling 
or personnel security patrolling. 

As mobile nodes are introduced into the stationary 
network, though, maintaining connectivity to the 
network, as well as setting up temporary route 
formation, will increase the drain of energy reserves 
at the stationary nodes. Their inclusion in HANETs is 
desired, though, as they extend network functionality. 
Mobile sensors, for example, can broaden the spatial 
sampling area of the network, acting as an 
information source when data has been collected.  

Military personnel, on the other hand, can be used 
to extract data, either locally or globally, from any 
point in the network, acting as an information sink. 
Furthermore, two mobile nodes may wish to 
communicate via the wireless stationary backbone 
created by the stationary portion of the HANET. The 
goal of mobility support, therefore, is to design 
protocols which allow for the maintenance of link 
level network connectivity, as well as packet routing 
capabilities, while adhering to the energy constraints 
of the stationary network. [7, 8] 

A Hybrid Ad-Hoc Wireless Sensor Network 
(HANET) is presented, along with network level 
routing comparisons to cellular networks and 
MANETs, including hierarchical, proactive, and 
reactive techniques. Due to the presence of a 
stationary wireless backbone consisting of stationary 
nodes which are energy constrained, new network 
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level routing protocols must be designed to provide 
packet routing support to and from mobile nodes. The 
MIR protocol, or Mobile Intermediate Rerouting, is 
developed, which proposes to use the existing 
stationary sensor network and its multihop routing 
tree as a backbone to route message to the sink node 
from the mobile node. Essentially, as the mobile node 
may act as information sink or a source, routing 
capabilities must allow for message delivery to and 
from mobile nodes. By using a control message 
initiated during the MAC level connection 
handshaking phase, a reverse route from the sink 
node to the mobile node can be formed. During 
further handoffs, only localized path updating is 
required, as specified in the MIR: Path Update 
algorithm. To avoid packet dropping, packet delay, 
signaling overhead, and message looping, an 
intelligent routing scheme is discussed in the MIR: 
Routing Algorithm. 

The protocol tested in PARSEC alongside other 
MAC level protocols as well as in MATLAB. Results 
show that the MIR protocol is able to provide a low 
packet delay (signaling overhead) and high delivery 
probability as compared to other routing mechanisms 
in the face of mobility and varying network 
densities.[2,3,4]                
 

II. POWER EFFICIENT RADIO 
CONTROL FOR HANETS USING 
COMMUNICATION OUTAGE 
PREDICTION 

 
Here we consider ad-hoc networks. These are peer-

to-peer networks which are comprised of tens to 
hundreds of similar nodes communicating through a 
wireless medium with ranges reaching hundreds of 
meters. The node topology of ad-hoc networks is 
either unknown at boot-up, or is continually 
changing. Protocol design for these networks usually 
depends on the assumption of similar mobility 
tendencies of the all of the nodes within the network, 
either stationary or mobile [3, 9]. 

On a functional level, these stationary wireless 
nodes can act as a backbone sensing network, 
providing multi-hop paths for data routed to a long 
range radio or sink node, while the mobile nodes can 
engage in tasks such as widespread environmental 
sampling or personnel security patrolling. For 
example, military personnel in defense applications 
can move through a sensor network extracting 
relevant information. Similarly, stationary sensors 
can be placed for area security with a small number 
of patrolling security officers. On a protocol design 
level, two different transparent protocols can be 
designed for each node type, allowing for different 
power saving techniques for mobile nodes. 

The two cases of interest here are the interaction 
between mobile nodes and stationary nodes during 
Internal Connection Updating (ICU) and External 
Connection Updating (ECU). During the mobile 

node’s dwell time within the communications range 
of the stationary node, the ICU functionality allows 
the two nodes to remain connected by updating the 
channel quality at the point of message reception. 
When no data is present, one node, usually with the 
responsibility of making connections, will send an 
ICU message, expecting a response with which to 
judge the channel. The ECU functionality allows the 
mobile node to selectively sense, or listen, to the 
channel for pilot signals (ECU messages) from 
nearby stationary nodes, the reception of which either 
involves entries into a neighbor registry or is a 
precursor to handshaking. Transmission of ICU 
packets (and ICU_Response messages) or reception 
of ECU packets involves energy usage. We propose 
an efficient radio usage scheme which allows the 
mobile radio to avoid unnecessary ICU and ECU 
functionality within a large class of MAC/Radio 
usage protocols, while continuing to provide a high 
connection probability. 
 
III. CELLULAR NETWORKS 
 

A cellular network is a vast network consisting of 
both stationary and mobile nodes. The stationary 
nodes, or base stations, are connected in a sub 
network with a wired backbone, forming a fixed 
infrastructure. Mobile nodes greatly outnumber 
stationary nodes (tens to hundreds of mobiles per 
base station), which are usually situated quite 
sparsely. The base stations’ locations are pre-planned 
so as to cover a large region with little overlap from 
cell to cell. The wired backbone that the stationary 
nodes form facilitates routing, as the wireless channel 
is avoided. [8, 9] 

Consequently, it is only the single Hop from a 
mobile node to the stationary base station that needs 
to be considered. Thus, mobility management is 
primarily considered here from the point of view of 
forming connections with the base station offering the 
highest signal quality. As the mobile users travel 
from the vicinity of one base station to the next, the 
desired connection is simply updated using any of 
many handoff techniques, and communication 
continues as normal. 

In a general scenario, base stations will continually 
transmit pilot signals throughout the network. Mobile 
nodes will respond to these pilot signals by 
immediately forming a connection with the 
transmitting base station. Power control methods 
ensure that the mobile node will usually connect to 
one base station, with multiple connections allowed 
in the cell overlap regions.     
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We propose that once the mobile is connected to 

the stationary node, the Master node is able to predict 
with certain confidence that the mobile will remain 
within connection range even after moving some 
predicted distance. If the mobile node is the Master 
node, it will be able to make a prediction, within a 
confidence factor, of how far it can move from its 
position at message reception before it will be out of 
communications range, thus yielding an acceptable 
delay between ICU messages. Similarly, if the 
stationary node is the Master, given the mobile 
node’s speed, it can predict the time it will take for 
the mobile to move the determined distance, thus 
giving the same acceptable. 

 

IV. SCHEDULE OPTIMIZATION 
 

Itinerary can be determined either statically or 
dynamically. That is, it can be calculated either 
before the agent is dispatched or while the agent is 
migrating. Dynamic itinerary planning is more 
flexible, and can adapt to environmental changing 
(sensor ups and downs) in real time. However, since 
the itinerary is calculated on the fly, it also consumes 
more computation time and more power of the local 
sensor. On the other hand, although static itinerary 
cannot adapt to the network change, it is able to save 
both computation and power since the itinerary only 
needs to be calculated once. 

Computation-efficiency, power-efficiency, and 
flexibility are three parameters that cannot be 
satisfied at the same time. In this section, we first 
describe two ad hoc dynamic itinerary planning 
strategies. An optimal planning algorithm is proposed 
in the end. 
 
4.1 Ad Hoc Algorithms 
The itinerary attribute in MAi,j is in the format of 3-
tuple (Ci,j, ri,j,Li,j ):[2] 
Ci,j: the center coordinate of a sub-area to be traveled 
by MAi,j ;[2] 
ri,j : the radius of the sub-area;[2] 
Li,j : the list of destinations Mai,j needs to visit in one 
trip. Noted that Li,j is an unsorted list when MAi,j is 
dispatched the first time. A sorted Li,j , however, can 
be reused after its first trip.[2] 
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4.2 External Connection Updating 

A constant function of mobile nodes within a 
stationary network is to attempt to receive pilot 
signals from prospective stationary connection 
candidates. By maintaining connections to two or 
more nodes, the mobile node is protected from 
network outage due to a connection failure. Soft-
handoff, for example, allows a mobile node to 
connect to a second node as it approaches the fringe 
of its first connection. Unless all of the stationary 
nodes are frame synchronized with fixed slots for 
pilot signals, the mobile nodes will need to 
continuously monitor the channel for possible 
connections.      

                                                                                
In hybrid ad-hoc networks, it is required that the 

stationary nodes are able to form wireless links 
amongst themselves. Thus, the overlap of 
transmission ranges does not occur solely at the 
fringes of the coverage area, but will extend to at 
least the next stationary node. This may result in the 
possibility of having multiple connections which are 
not required. As the mobile node receives an ECU 
message, it will either add the stationary node as a 
neighbor (possible future connection) or as a 
connection (initiating handshaking). (It is assumed 
here that a stationary node’s pilot signal is referred to 
as an ECU message until it is connected to the mobile 
node, after which ICU functionality takes over). A 
mobile node, therefore, may have an extremely high 
quality connection with one node, but will 
continuously monitor, and possibly connect to, other 
nodes in the network, resulting in energy usage due to 
channel monitoring. 

 
Fig 2: Sample ECU functionality 

 
We propose that an inner radius exists, well within 

the coverage border of a stationary node, within 
which a mobile node will not need to monitor the 
outside world for new connections. As the mobile 
node will only register updates of the received SNR 
of messages from the stationary node, the problem 
becomes that of the prediction accuracy of the time it 
will spend within this inner radius. When within the 
inner radius, the mobile node will forgo any 
monitoring for ECU message. As it exits the inner 
radius, while still within the transmission range of the 
stationary node, the mobile node will monitor the 
channel. Without loss of generality, the responsibility 
of received channel quality monitor can fall onto the 
stationary node or the mobile node. If the stationary 
node takes the responsibility, it will need to inform 
the mobile node of its monitoring requirements based 
on the received SNR. 

Figure 2 gives a possible overlap of transmission 
radii of stationary nodes, with the proposed inner 
radii. In the absence of these inner radii, the mobile 
node would be 92 able to connect to two nodes when 
located in region R3. But, in general, if the mobile 
has no knowledge of the boundaries of R3, it will 
continue to monitor for ECU messages while in 
regions R1in or R2in. It is possible, though, to limit the 
area covered by R1and R2 by adding the proposed 
inner regions 1in R and 2in R . We then adjust the 
rules to prohibit ECU message monitoring while in 
regions R1in and R2in. [13-15] 
4.3 Internal Connection Updating 

The aim of any efficient connection scheme is to 
provide a temporary connection between two nodes, 
while limiting the signaling involved in forming, and 
maintaining these connections, thereby reducing the 
bandwidth and energy consumption. The decision 86 
to form connections is generally based on the 
received signal SNR at the mobile receiver, and the 
decision to maintain the connection is based on 
subsequent channel quality measurements made at the 
Master node during packet receptions. At the fringes 
of the communications range of the stationary node, 
bandwidth efficiency and the “ping-pong” effect 
avoidance are achieved by updating the channel 
frequently (at least once per frame) and setting a 
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higher signal quality requirement for connections (to 
limit the effects of random environmental 
phenomena). [10-11] 

Once a connection is formed, however, frequent 
updates may not be necessary as the node pair may 
experience a strong connection and assume that the 
mobile will be in the vicinity of the stationary node 
for many frame lengths. The Master node retains a 
registry which contains information particular to each 
connection, such as node ID, last transmission time, 
connection status, and received SNR, which is 
continuously updated with each received packet. In 
general, either the mobile node or the stationary node 
can act as the master node, with the ICU functionality 
corresponding to one message transmission from both 
nodes. Thus, either configuration will result in energy 
usage at the mobile node, as well as the stationary 
node. 
 
CONCLUSION 
 

The work which will be presented here is 
concerned with the inclusion of mobile sensor nodes 
in a stationary ad hoc wireless sensor network, 
generating a HANET.  

We assume that the stationary network has reached 
its steady state operation. That is, the stationary nodes 
have been deployed (possible in a random 
dispersion), a link level architecture has formed, 
routing paths from any sensor node to a sink node 
have been established, and each sensor node is 
periodically searching for new neighbors to 
incorporate into the network. Furthermore, the 
stationary sensors are assumed to be highly energy 
constrained. Prior to this work, few models of this 
network architecture had been reported in the 
literature. Thus, we proceed to develop a suite of 
protocols to support mobile node interaction within 
this energy constrained stationary sensor network, 
including MAC and Network level design. Following 
this, energy efficient radio control protocol is 
presented.  
In cases where the stationary network is to 
track/identify the mobility within the HANET, as 
opposed to offer connectivity, a pre-event clustering 
scheme is presented to reduce signaling overhead 
when identifying mobile targets. 
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