


group does not consist of individual members, rather, of 
teams (swarms). In particular, nodes in the same team 
(swarm) will have coordinated motion. We call this model 
the “affinity team model”. For example, a team may be a 
special task force that is part of a search and rescue 
mission. The message then must be broadcasted to the 
various teams that are part of the multicast group, and, to 
all UVs within each team. For example, a weapon carrying 
airborne UV may broadcast an image of the target (say, a 
poison gas plant) to the reconnaissance and sensor teams in 
front of the formation, in order to get a more precise fix on 
the location of the target. The sensor UV team(s) that have 
acquired such information will return the precise location. 
As another example, suppose N teams with chemical 
sensors are assessing the “plume” of a chemical spilled 
from different directions. It will be important for each 
team to broadcast its findings step by step to the other 
teams using team multicast. In general, team multicast will 
be common place in ad hoc networks designed to support 
collective tasks, such as occur in emergency recovery or in 
the battlefield. Naturally, a two-tier communication can be 
achieved in team multicast where a source sends data 
packet to a representative of each subscribed team in 
multicast group first and then the representative forwards 
the packet within a team.  
 
As a first prototype of team multicast, we develop 
Multicast-enabled Landmark Ad Hoc Routing (denoted as 
M-LANMAR). M-LANMAR is an extension of 
LANMAR (Landmark Ad hoc routing) [4, 5] protocol 
enabling multicast. M-LANMAR creates a tunnel from the 
multicast source to each representative node (say, 
landmark) of the subscribed multicast group (of teams). It 
then sends a separate copy of the packet to each landmark 
(i.e., multiple unicast). Once the packet has reached the 
target landmark, it is broadcasted to all nodes within the 
team using restricted flooding. 
 
At first glance, the M-LANMAR approach may seem 
inefficient. However, this approach has a few advantages 
over traditional multicast protocols such as ODMRP (On-
Demand Multicast Routing Protocol) [8] and MAODV 
(Multicast extension of AODV) [10].  First, M-LANMAR 
proactively maintains the membership information. This 
removes the setup latency (up to seconds) to build a 
multicast mesh or tree that may be unacceptable in the real 
time coordination and control of a mission (for example, 
multiple sensor beamforming).  
 
Secondly, M-LANMAR can achieve the better reliability 
over traditional multicast protocol using broadcast by 
simply using a robust, unicast MAC layer, and by running 
TCP-like protocol on the tunnel from source to Landmark. 
The final distribution of the multicast packet within the 
team is very reliable as it uses local scoped “flooding”.  
 

The last, but not least benefit of M-LANMAR is the 
protection against congestion. M-LANMAR congestion 
can be controlled in various different ways. One way is to 
use TCP-like protocol. The TCP-like congestion control 
window automatically guarantees congestion protection.  
 
The main contributions are expected from this research: 
(1) use of the swarms for quick establishment of 
connectivity among “islands of sensors” embedded in the 
system – namely, methodology for maintaining 
connectivity with the minimum number of UAVs/UGVs 
located in strategic positions; (2) development of a team-
multicast protocol, M-LANMAR, which is suitable for our 
target scenarios with UAVs/UGVs; (3) the implementation 
and evaluation of M-LANMAR  
 
The rest of our paper is organized as follows. We will 
present background in the next section and our protocol M-
LANMAR in Section III. And, simulation study will 
follow. Finally, we conclude our paper in Section 5. 

 
Figure 1. A proposed communication architecture 

 
Figure 2. The overview of swarm network 
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within a limited scope centered at each node and 
exchanging route information about nodes up to only a few 
hops; and (b) a “long haul” distance vector routing scheme 
that propagates the elected landmark of each subnet and 
the path to it into the whole network. As a result, each 
node maintains two routing tables: local routing table and 
landmark table which maintain direct routes to near by 
destinations and routes to all the landmarks from all the 
subnets respectively (see Figure 3). With local routing 
table, nodes will learn how many nodes in the same subnet 
are reachable from this node (i.e., can find route entry in 
local routing table). A node who knows more than 
threshold (say N) such neighbor nodes proclaims as a 
landmark for this subnet and broadcasts to the neighbors. 
When more than one nodes declare themselves as 
landmarks in the same group, the node with the largest 
number of group members wins the election. In case of tie, 
the lowest ID rules the election.  
 
To send or relay a given packet, a node first queries a route 
(i.e., next hop ID) to the destination in its local routing 
table. With any available path, the packet will be directly 
forwarded to the next hop. Otherwise, this packet will be 
instead routed towards the publicized landmark in the 
same logical subnet to the destination. Note that the subnet 
address of the destination is carried in the packet header. 

 
Figure 4. A overview of M-LANMAR 

 
3.2. M-LANMAR Protocol 

M-LANMAR (Multicast-enabled Landmark Ad hoc 
Routing) [7] extends LANMAR enabling multicast 
function. M-LNAMR protocol is a proactive scheme, 
where group membership and multicast routes are updated 
proactively. With the aid of LANMAR, the sources 
maintain the multicast routes to only landmarks of joined 
teams instead of individual paths to each member. 
 
Join Multicast Group 
 
In LANMAR, each node keeps fresh routes to all 
landmarks in the network by periodic landmark updates. 

Using the landmark updates, a team maintains its 
membership to multicast group(s). A landmark of a team 
that wishes to join the multicast group(s) implicitly 
advertises “Join Request” to the sources by piggybacking 
the targeting multicast group ID(s) (address(es)) on 
landmark broadcast packet. Upon receiving the “implied” 
Join Request, each node in the network updates respective 
landmark entry with the subscribed multicast group IDs. 
Thus, the Join Request will be propagated into the sources 
in a few landmark table exchanges. Membership is 
constantly refreshed, as each landmark includes subscribed 
multicast addresses to all outgoing landmark update 
packets. 
 
Leave Multicast Group 
 
When a team who is a part of multicast group wants to 
leave, the landmark removes the ID of that multicast group 
from its subscribed multicast groups list. Thus, the 
landmark will stop advertising the group. The landmark's 
entry at other nodes will be updated accordingly. 
 
Data Propagation 
 
The source nodes look up their landmark table to find the 
landmark addresses of the subscribed teams. For each 
landmark that subscribes to this multicast group, the source 
creates a “virtual link”, i.e., a tunnel, to the landmark and 
sends encapsulated multicast data. Upon reception of the 
encapsulated data, each landmark initiates flooding within 
the subnet so that each member can receive the data (see 
Figure 4). With an assumption of restricted size of the 
subnet (“x” hops from the landmark to all nodes), we use 
local flooding with initial TTL “x+1” (in our simulation x 
=2). Each node in the team accepts incoming multicast 
data. 

4. Simulation Study 
 

We have designed a series of simulation experiments to 
evaluate the M-LANMAR solution in the swarm multicast 
scenario and to compare it to traditional “flat” (i.e., non 
team aware) schemes. In our simulation study, we consider 
only the network of UV teams to evaluate the performance 
of M-LANMAR. Throughout our experiments we use the 
QualNet [3] simulation tool developed by Scalable 
Network Technologies. In this study we use the IEEE 
802.11 DCF MAC layer protocol, with channel speed set 
to 2Mbps. The channel propagation model is a two-ray 
path-loss model.  
 
We begin by comparing M-LANMAR with ODMRP and 
with flooding (the latter being the most reliable scheme in 
a lightly loaded, mobile network). In the network, 1000 
UVs are uniformly placed within 6000 x 6000 meter 
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Figure 8. The throughput of M-LANMAR and ODMRP 

with RALM 
 

There is a price, however, to be paid when 100% delivery 
ratio is requested – namely, throughput efficiency. In 
Figure 8 we report overall throughput. We note that the 
throughput rate achieved by RALM is much lower than the 
rate measured under UDP. This is expected as the 
congestion controlled operation of RALM considerably 
slows down throughput. 

5. Conclusion 
 
We have shown that the team multicast model is very 
appropriate for managing the communication requirements 
among teams of moving agents equipped with a variety of 
different sensors. The proposed M-LANMAR solution is 
efficient and provides low latency and overhead. We have 
demonstrated the performance advantages of M-LANMAR 
over a traditional multicast protocol (ODMRP) in 
representative network and traffic environments. 
Furthermore, we applied a reliable multicast protocol, 
RALM, to M-LANMAR as a simple extension of M-
LANMAR. Future work will address more aggressive 
mobility scenarios and will study specific traffic patterns 
and performance constraints derived from representative 
swarm applications. 
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