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Abstract—In this paper, we have developed a Swarm Routing 
Protocol that uses Swarm Autonomous Routing Algorithm 
(SARA) for Wireless Sensor Networks (WSN) and developed 
WSN prototypes (accelerometer and temperature) by embedding 
SARA into COTS devices.  SARA provides intelligent routing 
solution for MANET where the rebroadcasting node (COTS 
device) is chosen from among the neighbor nodes by comparing 
the pheromones associated with each neighbor. Nodes learn by 
modifying the pheromone values associated with neighbor nodes 
when a packet is received. Unlike other Ad Hoc routing 
protocols, there are no control messages used to determine the 
route to destinations; data packets reach to destination hopping 
via designated rebroadcasting nodes. This will significantly 
reduces the network overhead and provide very efficient 
bandwidth solution. Moreover, the protocol does not use routing 
tables other than local pheromone tables and hence provide very 
efficient routing solution. The QualNet Simulation results show 
that the network performance using SARA has outperformed 
other currently used MANET routing protocols. The successful 
accelerometer and temperature sensor demonstrations were 
performed using Freescale’s 13192SARD boards. 

Keywords-MANET; Wireless Senosr Network (WSN); 
Prototypes; Swarm Intelligence; Location Service; Routing 
Protocol; Reconfigurability; Swarm Algorithm 

I.  INTRODUCTION 

MANET is a self-configuring wireless ad hoc network 
where mobile routers (associated nodes) are connected by 
wireless links to form an arbitrary topology. MANET consists 
of nodes (devices or terminals) equipped with transceivers that 
can communicate with one another without any fixed 
networking infrastructure and hence can be deployed quickly 
without any prior planning or construction of expensive 
network infrastructure. Applications where such network 
infrastructure is either unavailable are space exploration, 
undersea operations, and environmental monitoring, or 
unreliable are communication networks in battle field and 
emergency rescue operations. Reliable communication is 
critical to every mission carried out by the modern military, 
and advancements in wireless standards and protocols promise 
to bring about a new generation of the “digital battlefield” and 
ad hoc impromptu networks for first responders.  It is generally 
assumed that in the near future wired networks will provide a 
backbone for the Global Information Connectivity Grid, while 
wireless systems will provide the “last mile” connections for 

sensor networks, communications devices, radios, cell phones, 
RFIDs, emergency communications, asset tracking, 
automobiles and trucks and other field equipments both 
moving and stationary.  A need for communication among 
abundance of different devices, and an inability to rely on a 
fixed infrastructure, suggests that MANET architecture be used 
for this last mile connection. 

Nodes in an ad hoc network can communicate directly with 
another node located within its radio transmission range. The 
reliable ad hoc network protocol is the must for the network 
where the nodes are constantly moving out of communication 
range of each other or network is changing. Today’s 
networking challenges are scalability, mobility, bandwidth 
limitations, and power constraints. Bluetronix has solved these 
issues with their intelligent distributed algorithms based upon 
swarming behavior as seen in insects. This approach provides 
for a self-forming, self-healing ad hoc network solution 
specifically designed for last mile connections, with scalability 
to hundreds of thousands of nodes, very low startup time, and 
much higher efficiency than IP-based routing.  Important 
applications of this system include wireless sensor networks, 
military communications devices and home and industrial 
automation.  

Data is sent between nodes in a MANET by hopping 
through intermediate nodes, which must make decisions about 
where and how to route the data.  MANET faces several 
problems because of node mobility, network traffic, network 
size, and the possibility of node faults.  The efficiency and 
behavior of a MANET depends on how well information can 
be passed around and delivered; changing infrastructure adds 
complexity to MANETs not seen in wired networks.  Routing 
becomes a central issue, leading to much research being done 
in this area. 

The government, military, first responders including 
commercial markets  have identified the development of 
secure, high-speed ad hoc wireless networks as a top priority, 
and several research institutions are presently in the process of 
developing the supporting technologies needed to realize this 
goal.  Accomplishing the work proposed here would 
significantly advance the efficiency, robustness, and flexibility 
of ad hoc wireless communications for use in many facets of 
government.  Due to enhanced communication capabilities, 
there would be a tactical advantage virtually in every arena 
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based upon self-healing, self-organizing ad hoc networks with 
the capacity to learn.  

The rest of the paper is organized as follows. In Section II, 
we discuss proposed work on MANET Protocols and Swarm 
based Algorithms and their issues in more detail. We then 
present our Swarm Based Algorithm (SARA) in Section III and 
Swarm Location Service in Section IV. Section V describes the 
pheromone related functions. In Section VI, we summarize our 
simulation tests and analyze the experimental results. Test Bed 
development for emulation is explained in Section VII. Finally, 
we conclude our paper with future Work. 

II. RELATED WORKS 

A. After Proposed MANET Protocols 

Most current approaches for MANET routing are borrowed 
from the wired world, where networks have a fixed structure 
and little-to-no mobility.  Most of these algorithms rely on the 
construction and maintenance of routes using routing tables. A 
node running AODV [1] keeps a routing table, with one entry 
per destination node.  If a source node needs to know a route 
to a destination, it broadcasts a route request packet, RREQ, 
which is flooded about the network until a node knowing a 
route to the destination is found.  That node responds with a 
route reply packet, RREP.  If a link on a route is found to be 
broken, a route error (RERR) packet is sent to the source, 
indicating that it should remove any references to the link in 
its routing table.  The version of AODV used for the work 
described here is implemented in QualNet version 3.8, which 
should comply with the IETF AODV Draft 9 [1]. DSR [2] is 
similar to AODV in that it is an on-demand protocol.  
However, DSR differs from AODV by using “source routing,” 
which means that the source of a packet must know the route 
to the packet’s destination and the route, which is stored in a 
node’s route cache, is inserted into the header of a data packet. 
Performance Analysis has been done in papers [4], [5], [6], 
[7], [24]. The LAR [3] algorithm does routing by using 
location information and determining two “zones,” called the 
“expected zone” and “request zone.”  To compute a route to 
the destination, the source constructs a request zone that 
includes the expected zone and possibly other areas of the 
network.  A route request is flooded to the nodes within the 
request zone. Other location based routings can be referred to 
in papers [17], [18], [19], [26], [27], [28], [29]. 

B. Previous Proposed Swarm Algorithms 

Other MANET routing algorithms using swarm intelligence 
[8] have also been proposed.  Roth and Wicker describe 
Termite, a MANET routing algorithm inspired by the hill-
building behavior of termites [9], [10].  Like SARA, nodes 
running Termite lay pheromones on communication links 
between nodes, and packets are attracted to links with strong 
pheromones.  Pheromones decay over time to allow learning 
and adaptation.  Termite requires the construction of the 
equivalent of a routing table, containing a pheromone value 

for every possible (neighbor, destination) pair in the network.  
The table is populated using route request packets, “seed” 
packets, and HELLO packets, which are randomly sent around 
the network to gather information.  Simulation results are 
presented in [9] and [10], but we are unaware of any 
comprehensive performance comparison between Termite and 
other routing protocols at this time. 

Ad hoc Networking with Swarm Intelligence (ANSI) is 
described by Rajagopalan and Shen as an algorithm that 
incorporates both proactive and reactive elements, and like 
SARA is based on the food foraging behavior of ants [11], 
[12].  Nodes running ANSI can be configured to perform 
routing deterministically or stochastically.  Using QualNet, the 
authors show that ANSI delivers more packets on average than 
AODV in networks of 50-100 nodes, but that the routing 
overhead can be higher for ANSI in some cases.  ANSI works 
for both wireless and hybrid wired/wireless networks. 

In [13], a location-based swarm intelligent protocol called 
GPSAL is described and is shown to have lower overhead than 
the LAR algorithm.  Routing tables are constructed and 
exchanged by nodes running GPSAL, meaning that the 
overhead for a dynamic network is high.  While SARA also 
has the ability to use location information to make routing 
decisions, it does not require entire routing tables to be 
maintained or communicated, leading to less overhead. 

AntHocNet, another swarm routing algorithm based on ant 
colony optimization, is presented by Di Caro et al. in [14].  
Comparative simulation results are given that show better 
overall performance than AODV, especially in larger 
networks.  

III. SWARM ROUTING PROTOCOL 

A. Swarm Concept 

Swarm intelligence is an algorithm design framework based 
on the behavior of social insects such as ants, termites, bees, 
and wasps [15].  Social insect colonies are characterized in 
part by the cooperation of many simple individuals to 
accomplish tasks that no single colony member could 
complete by itself.  This cooperation is distributed among the 
entire population, without any centralized control.  Each 
individual follows a small set of simple rules and is influenced 
only by locally available information.  An additional property 
of these behaviors is robustness against individual 
misbehavior or loss.  Researchers give the name “emergent 
behavior” to the distributed problem-solving capabilities of 
these systems. 

A classic example of emergent behavior is food foraging by 
ants [16].  As ants travel to a food source, they lay down trails 
of odoriferous chemicals (pheromones), which serve as an 
indication to other ants that food can be found by following 
the pheromone path.  As more ants follow the path, more 
pheromones are laid and the scent becomes stronger.  If ants 
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stop following a path, the pheromone evaporates and the scent 
becomes weaker, a process called pheromone decay.  The term 
stigmergy refers to the process of modifying the environment 
to communicate between members of an emergent system. 
Millions of years of evolution have perfected the abilities of 
social insects such as ants, wasps, and termites to forage for 
food, find shelter, and defend their colonies.  While the 
contribution of an individual member of a colony may be 
minimal, the combination of many members’ efforts results in 
a pattern of “emergent behavior” with a powerful ability to 
solve problems in a dynamic environment.  Bluetronix’s 
products harness the power of this “swarm intelligence” 
framework using a series of biologically-inspired algorithms 
that are simple, elegant, and – most importantly – highly 
effective. 

The desired global behaviors of the packet swarm can be 
viewed as analogous to insect society behaviors such as 
organized foraging (routing), nest building (ad-hoc networks) 
or temperature regulation (traffic regulation). Specific 
algorithmic strategies we have found useful for swarm-based 
solutions include four major principles – positive feedback, 
negative feedback, randomness and knowledge propagation 
which results in simplicity, robustness, and self-organization. 
Each of these qualities generally stems from the fact that there 
are many nodes interacting in the system. By moving away 
from a centralized architecture, where all of the system 
knowledge is stored in one place, each node must only be 
aware of a small subset of the total system knowledge. This 
approach allows a node to be simple and inexpensive. Another 
advantage is the opportunity to augment the system with many 
redundant nodes that are capable of accomplishing each other's 
tasks. This allows the system to be very robust. The self-
organizational property is implicit in the definition of the 
system.  

B. Swarm Autonomous Routing Algorithm (SARA) 

 
For the swarm intelligent routing algorithm, each node in 

the MANETS interacts with the neighbor nodes through the 
packet transmission as the social insect interacts with it 
neighbor insects. The node can extract useful information out 
of the packet it receives by listening passively to the neighbor 
nodes’ broadcasting. This information can be used to build the 
pheromones between this node and anyone of the neighbor 
nodes. Two types of pheromones can be specified between this 
node and the neighbor node - the receiving pheromone and the 
transmitting pheromone.  The receiving pheromone is 
increased if the corresponding neighbor node can receive the 
packet from this node. The transmitting pheromone is 
increased if the corresponding neighbor node can transmit the 
packet to this node. When both pheromones exist for a specific 

neighbor node, there is a bidirectional link between this node 
and that specific neighbor node.  That means this node can 
receive the packet from this specific neighbor node and this 
specific neighbor node can receive the packet from this node. 
Those neighbor nodes with bidirectional communication 
capacity will play an important role in swarm intelligent 
routing. As soon as the node gets turned on, it informs its 
existence to its neighbors and start building its pheromone 
table based on local information. 

When a node receives a packet, it needs to make some 
decisions. The first one is whether this node should 
rebroadcast the packet.  If the receiving node is the destination 
node, the job is done. If the receiving node is designated to 
relay the packet, the node needs to pick up the best neighbor 
node as the next designated node to continue the packet 
relaying. The designated node information will be put into the 
packet, and then the packet is sent. The packet contains the 
source address, designated address and the destination address. 

The process of finding the best neighbor node is based on 
the pheromones table that consists of end node entries and the 
link pheromone values (TX and RX).  The neighbor nodes 
associated with the strong bidirectional link will be the 
candidates as the designated broadcasting nodes.  If Distance 
Pheromone Learning (DPL) version is used [29], among those 
qualified neighbor nodes, the one most close to the destination 
node will be chosen as the best neighbor node.  

The neighbor nodes with bidirectional link capability can 
both transmit the packet to this current working node and 
receive the packet from this current working node.  The 
passive acknowledgement is used by current node when the 
best neighbor node starts to rebroadcast the packet.  This will 
save the interaction process between the nodes for 
acknowledgement.  

An analogy between food foraging behavior in ants and 
routing data packets in a MANET can be drawn by 
considering the set of nodes in the network as the 
“environment” and the data packets as “ants” in search of 
food.  A node maintains tables of artificial pheromones, the 
strengths of which are influenced by the packets that are sent 
and received by the node.  Routing decisions are made by 
comparing the pheromone values.  Using the swarm 
intelligence model as a basis for a routing solution, networks 
can exhibit many of the same qualities as social insect 
colonies, including individual node simplicity, network 
robustness, and self-organization. 

The method in which SARA works is simple and elegant.  
Nodes make routing decisions by determining a designated 
rebroadcasting node for a packet that is received.  This node is 
chosen from among the neighbor nodes by comparing the 
pheromones associated with each neighbor.  While any criteria 
may be used to influence this decision, some of the more 
useful parameters are link quality and geographical location.   
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The fact that SARA makes these routing decisions “on the 
fly” by deciding whether to rebroadcast a packet is important, 
because it makes the algorithm very adaptable and 
expandable.  Any kind of information can be used to influence 
routing decisions, such as link quality, geographical location, 
statistics gathered from past performance, energy 
consumption, etc.  Only a simple version of the algorithm was 
used for the work described in this paper, in which 
bidirectional pheromones are built up as described above.  

IV. DESTINATION PHEROMONE LEARNING (DPL) 

The amount by which the pheromone associated with a 
neighbor and zone is incremented should reflect the 
“goodness” of using that neighbor to send to that zone.  This 
could be accomplished by using a weighted sum of factors that 
affect whether the neighbor is a good neighbor for 
rebroadcasting.  These could be any factors, but two useful 
ones include the average hop count of packets and the 
geographical distance from the neighbor to the destination.  
The best neighbor to select to send to a destination is the one 
physically closest to the destination, and/or the one that can 
send a message to the destination using the fewest 
intermediate hops.  The following pheromone update is 
reflected in equation (1). 
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where h is the number of hops taken by the received packet, 

d is the distance between the neighbor and the destination, and 
A is a constant weighting factor in the range [0, 1].  If A = 0, 
only distance affects the pheromone update value.  If A = 1, 
only the hop count affects the update value.  When a packet is 
received from a neighbor, this equation is used to update the 
appropriate pheromone in the DZR table.  Other update 
functions are also possible. 

Nodes using DPL in SARA2 keep a table containing 
destination pheromones for each (neighbor, destination) pair 
the node currently knows.  DPL is an optional feature of the 
algorithm that is not required but can influence performance.  
It allows non-location-aware nodes to make more intelligent 
routing decisions at the expense of a small amount of memory.  
DPL does not require the large amount of memory that a 
traditional routing table would require.  It is also built-up by 
passive listening, so it requires insignificant networks 
overhead. The details can be referred to [29]. 

V. SIMULATION SETUP AND RESULTS 

A. Performance Metrics 

Some of the performance metrics used to compare SARA 
with other MANET routing protocols are as follows: 

Throughput: Throughput is the amount of data per time 

unit that is delivered to a node from another node via 
communication link. Network throughput is the sum of data 
rates that are delivered to all nodes in the network. 

Direction Packet Ratio or Packet Delivery Ratio: Packet 
Delivery Ration is the ratio of the number of packets received 
by a receiver node to the number of packets send by the 
sending node. 

Average Hop Count: It is the average of the number of 
intermediate nodes the packets pass through before they reach 
to the destination in the network. Average hop count also 
reflects the average end-to-end delay. 

End-to-end Delay or Latency: End-to-end Delay is 
actually the Round Trip Time (RTT) required for the packet to 
reach to the destination and the acknowledgement to reach 
back to the sender. 

Average Energy Consumption: It is the average energy 
consumed by nodes in mWatt-hour in sending and receiving 
packets (signals) during simulations. Energy consumption is 
calculated based solely on the usage of the transmitter and 
receiver of a node, and excludes things like microprocessor 
and memory energy consumption. 

Average Jitter: Average Jitter is the measurement of 
variation in the time between packets being received by the 
destination caused by network congestion, timing drift, or 
route changes. It is measured in seconds. 

B. Simulation Parameters 

The network simulator we used was QualNet version 3.8 
from Scalable Network Technologies [15].  The model used 
for the swarm algorithm was written in C, while those used for 
AODV, DSR, and LAR1 were in QualNet’s MANET library 
and were used unmodified.  Simulations were run on a 
computer with a 2.8 GHz Xeon processor with 2.5 GB RAM 
running Windows Server 2003.  Results were imported into 
Microsoft Excel 2003 for tabulation and visualization. 

Each node uses a single radio with a single omni-directional 
antenna, having the parameters given in Table I.  These 
parameters were chosen based on values suggested by Choi 
and Ko for realistic military communication scenarios [6].  
The broadcasting range of a radio with the parameters in Table 
is approximately 887 m as modeled in QualNet. The MAC 
layer used with all algorithms across all simulations is a 
simple multiple access with collision avoidance (MACA) 
protocol.  This protocol was chosen for its simplicity.  While 
MACA has limitations for ad hoc networks, we believe using 
a more complex MAC layer would obscure the insight into the 
performance of SARA given by the simulations.  Tracing the 
algorithm’s actions is fairly straightforward with MACA.  
Further work by Bluetronix includes testing the algorithm with 
other wireless MAC layer protocols. 
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TABLE I 
Physical Layer Parameters 

 
 

C. Simulation Scenarios 

Mobility: The main problem mobility causes for routing 
protocols is link breakages [21], [22].  If a node moves out of 
range of another node, then routes relying on the adjacency of 
those two nodes become invalid.  AODV and DSR, with their 
reliance on discovering and storing routes, generally do not 
perform well in networks of highly mobile nodes.  LAR has 
good performance versus mobility in small networks, but its 
performance degrades as the number of nodes increases.  
SARA addresses the mobility issue by making routing 
decisions at each step along the path from sender to receiver, 
so there is little possibility of link breakage. 

To compare the performance of the algorithms versus 
mobility, three scenarios were constructed, consisting of 50, 
300, and 1,000 nodes, randomly placed in areas of size 5.1 × 
5.1 km2, 12.5 × 12.5 km2, and 22.5 × 22.5 km2, respectively.  
In each scenario, nodes move according to a random waypoint 
model [16] with a pause time of 20 seconds, a minimum speed 
of 0 m/s, and a maximum speed from 1 m/s to 25 m/s.  Once 
per second, a randomly-chosen sending node sends one 64 
byte data packet to a randomly-chosen receiving node.  The 
simulation runs for 60 seconds, and the results are analyzed to 
determine packet delivery ratio and average energy 
consumption per node. 

Fig. 6 shows the results for 50 nodes, where SARA on 
average performs comparably to LAR1.  AODV performs 
slightly better than DSR, as expected, and does particularly 
well when mobility is low.  Notice that the energy usage for 
AODV and DSR climbs very high with increasing mobility, 
while it remains fairly constant around 15 mWhr for SARA 
and LAR1. 
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Fig. 6. Mobility results for network of 50 nodes 

The results for the 300 node scenario are shown in Fig. 7.  
DSR is not shown because it failed to deliver any packets in 
this scenario; packets are dropped due to the large headers 
used by DSR’s source routing.  SARA outperforms the other 
algorithms, although AODV does well at low mobility.  
Energy consumption is again low for SARA, when compared 
to AODV and LAR1. 
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Fig. 7. : Mobility results for network of 300 nodes 

Of the algorithms being studied, SARA performs best on 
average for the scenarios considered.  LAR1 performs well in 
the small network, but its performance degrades as network 
size increases.  DSR performs poorly in the larger networks 
because its packet size grows very large.  AODV performs 
well in low mobility situations, but does not deal well with the 
frequent link breakages present in a highly mobile network. 

Network Traffic: Research has shown that AODV tends to 
outperform DSR at high traffic loads because of DSR’s use of 
source routing.  That is, inserting routes into each data packet 
bogs down DSR and affects its throughput.  SARA can scale 
to large amounts of traffic because it requires only small 
headers and very few non-data packets. 

To test performance under varying amounts of traffic, a 
scenario of 50 nodes was used.  The nodes were assumed to 
move in a random waypoint manner with a pause time of 20 
seconds and a maximum speed of 1 m/s (an average walking 
speed).  Two traffic patterns were simulated.  In the first 
situation, a single sender in one corner of the network sends 64 
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byte data packets at a constant rate to a single receiver in the 
opposite corner.  The number of packets sent per second was 
varied from 10 to 500.  Fig. 8 and Fig. 9 show the results for 
this scenario.  While the performance of AODV, DSR, and 
LAR1 drops dramatically after packet delivery around 100 
packets/sec, SARA continues to deliver packets even at 500 
packets/sec.  Energy consumption for all of the algorithms 
grows linearly with traffic, and is highest on average for DSR.  
It should be noted that MAC layer effects become more 
relevant as the amount of traffic increases. 

In the second traffic situation, a number of sources send one 
64 byte data packet per second to a receiver, with the number 
of sender/receiver pairs being varied.  Fig. 10 shows the 
results of this traffic situation for a network of 50 nodes.  
SARA performs well with respect to both packet delivery ratio 
and energy consumption.  LAR1 performs fairly well.  DSR 
has the lowest overall performance, although energy 
consumption is low for lower traffic. 
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Fig. 8. Packet Delivery Ratio for 50 node network with sender/receiver pair 

increases 
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Fig. 9. Average energy consumption for network of 50 nodes as 

senders/receivers increase 

Node Faults: This scenario illustrates the performance over 
time of a MANET with increasing numbers of node faults.  
One hundred stationary nodes were randomly placed in an 
area of size 5 × 5 km2.  A node in one corner of the network 
sends ten 64 byte packets per second to a node in the opposite 
corner.  One randomly-chosen node (not the sender or 
receiver) fails each second, staying offline for the remainder of 
the simulation.  The simulation runs for 60 seconds.  Packet 
delivery ratio and average jitter were measured versus the 
number of node faults.  The results for this scenario are shown 
in Fig. 11. 
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Fig. 10. Results for 50 node network with varying numbers of 

sender/receiver pairs 
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Fig. 11. :  Results for 100 node network with increasing number of node 

faults 

Fig. 11 shows that the performance of AODV, DSR, and 
LAR1 has a decreasing trend as the number of node faults 
increases, while SARA performs consistently well despite 
node faults.  In terms of jitter, the delay between packets 
increases for the standard algorithms as node faults increase, 
but remains fairly constant for SARA. 

End-to-End Delay: An important measurement is the 
average amount of time between sending a packet and its 
receipt at the destination.  Fig. 12 shows the average end-to-
end delay for networks of increasing size.  The missing data 
points result from a protocol’s failure to deliver packets. 
SARA still performs well overall.  In the smaller networks, 
DSR has a low average delay, but it fails to deliver any 
packets in the larger networks. 
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Fig. 12. Average end-to-end delays for networks of increasing size up to 

2,500 nodes 

In Fig. 13, the Location based SARA (SARA2) has better 
average hop count; provides smaller end-to-end delays than 
SARA1 (without location based version). 

VI. TEST BED DEVELOPMENT 

A. Porting SARA to COTS 

Network simulator program actually runs on a single 
computer and takes an abstract description of network traffic. 
Network Emulator on the other hand provides the real time 
traffic environment connecting to end-systems. We are going 
to test the network performance using emulator by porting our 
algorithm into COTS devices [20]. COTS are 
hardware/software technology that are ready made and are 
available for general public to use. The use of COTS 
components will reduce the overall system development costs 
and time as the components can be bought instead of being 
developed from scratch. 
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Fig.13. Average hop counts for SARA in networks of increasing size up to 

2,500 nodes 

Each node in SARA is used as COTS component – 802.15.4 
radio, a Motorola HC08 microprocessor and accelerometer 
sensors as shown in Fig. 14 (a). The kit comes with a large 
amount of documentation. The processor on the nodes can be 
programmed using C, C++, or assembly language.  This 
development is done using the CodeWarrior Development 
Studio, which was included with the nodes. The temperature 
sensor (AD596) was integrated and programmed. SARA 
algorithm written in C has been successfully ported to the 
nodes. One of the nodes designated as a home node can also 
be used as a gateway to connect to the Internet [23]. SARD 
board with 4k flash memory has been found insufficient for 
test bed scenarios so we are working on 32-bit M508EVBE 
board. Bluetronix is also working on porting SARA code to 
FreesStar (LSR) module (Fig. 14 (b)). 

 
Fig.14. a. Freescale’s MC13192SARD nodes in Test Configuration b. 
FreeStar 8-bit Module 

B. Test Bed Design 

The test-bed consists of four interacting parts: the collection 
of hardware nodes, a “home node” that acts as an interface 
between the hardware network and the software 
visualization/control software, a driver that provides an 
abstract view of the network to the visualization/control 
software, and the visualization/control software itself.   

In the test-bed, one node in the network will be connected to 
a PC to act as an interface between the network and the 
visualization/control software.  This node is referred to as the 
“home” node, and it will require somewhat different 
functionality at the application layer than the other nodes in 
the network.  For example, home node’s job is to send 
command packets from the GUI to the network, and to receive 
event descriptions from nodes on the network for display by 
the GUI.  Since there is a limited amount of memory and 
processing power available on the 8-bit nodes being used for 
the test-bed, this “home node” code will be separated from the 
standard node code, so that only that node has this 
functionality. 

C.  Visualization 

Nodes are gray when they are not currently active.  When a 
node is sending a packet, it lights up green.  A hopping node is 
indicated by a yellow light.  When a node receives a packet, it 
lights up blue.  Red indicates that a packet was sent but not 
received. The display can be zoomed, panned, and tilted to get 
a good view of the network. Links are drawn as lines between 
two nodes.  Each link has an indicator showing the pheromone 
value for that link, as well as a color that visually shows the 
“strength” of the pheromone. 

D. Test Bed Results 

We are working on exhaustive emulations. The 
comprehensive test bed results will be provided in Future. 

VII. CONCLUSION 

Our simulation results show that SARA performs very well 
on average, delivering a larger number of packets and 
requiring less energy than AODV, DSR, and LAR1.  The 
algorithm’s performance is particularly impressive in large 
networks and in networks with high mobility, making it well-
suited for government, military, responders including 
commercial market applications containing many nodes.  
SARA has an advantage over other routing algorithms because 
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it can scale to thousands of nodes and more. 

SARA differs from other swarm routing protocols by not 
requiring routing tables and generating very little overhead. 
SARA thrives in harsh environments, where its learning 
capabilities are maximized. Data can be automatically rerouted 
in a changing environment.  Since the algorithm requires no 
routing tables, very little overhead is generated and good use 
is made of network resources. 

Finally, the demonstrations with sensor prototypes look 
very promising for future product.  

VIII. FUTURE WORK 

A. Product Development - Commercialization 

Product development is transforming current prototypic (8-
bit processor) systems into commercial (8-bit and 32-bit 
processor) products. These same modular designs can be sued 
for radios, software defined radios, machines, transportation 
and logistics. 

Some applications are Industrial, medical sensors, building 
controls and other sensors; Asset Tracking (RFID 
networking); Emergency Radios, Marine Radios (First 
Responders); Radio Communications; Machine 2 machine 
Communications; Robotic Communications (industrial and 
military); Vehicles, Wi-Fi extensions, Tracking devices, Home 
appliances; Homeland Defense applicators; Cell Phone 
Interconnectivity. 
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