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Abstract—Autonomous sensing and Information Retrieval 

networks (ASIRNets) are a general class of nodes that are capable 
of performing complex tasks using inter-node collaboration. 
Existing simulators fall short of addressing the needs of typical 
ASIRNets. There is a need for a flexible simulator to test 
theoretical algorithms in a real environment. This paper describes 
the architecture of Maheshdas—a flexible simulator built to 
simulate ASIRNets, and presents a case study where a theoretical 
circle-formation algorithm was ported to Maheshdas. It goes on 
to describe the results of the simulation, and concludes that the 
performance of theoretical algorithms might be significantly 
different when real constraints are imposed on it. 
 

Index Terms—ASIRNet, autonomous robots, circle-formation, 
threat-containment, collaborative, robot simulator 
 

I. INTRODUCTION 

 
HE term ASIRNet stands for Autonomous Sensing and 
Information Retrieval Networks. ASIRNet is a generic 

term that was chosen to represent a broad class of Sensory 
Nodes that are capable of collaborating with each other using 
three primary capabilities: Sensing, Motion, and Wireless 
Communication. Using these three capabilities ASIRNets are 
capable of working with each other to perform complex tasks 
that usually require specialized nodes to accomplish them. 
Such specialized nodes are generally very costly due the fact 
that they are perhaps custom-designed for the application, or 
the technology being used is expensive. ASIRNet nodes on the 
other hand are relatively cheap, and most importantly they are 
semi-disposable. This means that a loss of a few ASIRNet 
nodes can be tolerated by the system, and the system can 
continue to perform as if nothing has happened. This, in the 
case of expensive robots, can take toll on the budget as well as 
the lifetime of the system. This way ASIRNets automatically 
introduce a level of Fault Tolerance in the system. It should be 
noted that ASIRNets represent a large set of autonomous 
nodes such as robots, pan-tilt-zoom cameras, smart-sensors, 
etc. In this paper, ASIRNets will be considered to be 
autonomous robots which are capable of sensing, locomotion 
(motion), and wireless communication, and using these three 
features, they are capable of collaborating with each other.  
 
The concept of ASIRNet has been used in robotics to perform 
a plethora of tasks. Two applications are shown in Figure 1. 

 

 
 

There are several challenges involved in realizing 
ASIRNets: Nodes are made of hardware that needs to be small, 
cheap and energy efficient. It needs to fit the application in the 
sense that it should be able to provide the correct processing, 
sensing, locomotion and wireless communication components 
for the application and the algorithm being run for it. The 
hardware runs on software which needs to be robust and have 
a reasonably small footprint. Distributive and collaborative 
algorithms will be run using this software, and these 
algorithms must be good in performance with a good 
convergence rate and degree of fault tolerance. This paper will 
focus on this algorithmic aspect of ASIRNets. The goal would 
be to come up with better algorithms that achieve a high 
degree of collaboration among the robots. The algorithms 
should make the nodes accomplish complex tasks that are only 
possible to achieve using specialized robots. This may be 
better or equivalent in performance in comparison to the 
specialized robots.  

There are many published theoretical algorithms that claim 
to perform collaborative tasks using ASIRNet, or ASIRNet 
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Fig. 1.  (a) Robots collaborating with each other to lift and move a couch (b) 
Robots collaborating with each other to contain a threat (chemical spill) 
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like nodes [1][2][3]. These algorithms seldom assume realistic 
conditions for their performance, and there can be a significant 
difference between theory and reality. There is a need to test 
these algorithms by putting them into real environments. If the 
algorithms perform as promised in theory, well and good. If 
they do not, then they need to be altered to see if they can 
work in real environments.  

 
The best way to test this is to simulate these algorithms in 

simulators that have the capability to simulate ASIRNet nodes. 
Existing simulators used by the robotic community such as 
Stage [5], Gazebo [6], Siesta [7], Robocop [8], etc. lack a 
close-to-real wireless model. It is very hard to insert wireless 
networking models into these simulators. On the other hand, 
simulators used by the networking community such as 
OPNET® [9], Ns2 [10], SWANS [11], GloMoSim [12], etc. 
lack the capacity to insert locomotion components into them. 
They either have a broad scope (such as OPNET®), or lack 
the capability to address real-time errors in the systems. To 
overcome these shortcomings, a new simulator was decided to 
be built. This simulator would be targeted for ASIRNet robots 
in particular with a very flexible architecture. The following 
sections describe the architecture of this simulator and the 
testing of a theoretical circle formation algorithm. 

II.  ARCHITECTURE OF THE SIMULATOR  

 
The simulator (Maheshdas) is an event driven simulator. 

Robotic nodes sit in an environment (world) and produce 
events in this environment. This is shown in the following 
figure: 

 
There are three main modules of the simulator—the nodes 

itself, the environment, and the GUI. The interconnection of 
these modules is shown in Figure 3. The node is the module 
which is the most flexible component of Maheshdas (Figure 
4), and can be completely rewritten by the user for the 
application. It consists of the Node Intelligence, ASIRNet 
models (Wireless, Locomotion and Sensor), and a Battery 
module. The main collaborative algorithm sits in the Node 
Intelligence sub-module, and it uses the ASIRNet models to do 
the computations required by the algorithm.  

 

 
There can be 0 to n models of each type. For example one 

could have three sensor models on the same robot. It is 
essential that there exist at least one node for the simulation. 
All nodes can be different and have different models in them. 
The nodes use their models to make decisions, and produce 
requests which are made to the environment. The environment 
schedules all such requests—may it be for wireless 
communication or for locomotion or for any other purpose as 
seen fit for the application. The environment also checks for 
any collisions among the robots, and warns the user about this 
through the GUI. If there are any collisions it can be assumed 
that the node’s collision detection algorithm is flawed, and 
needs to be altered to avoid collisions. The GUI is designed to 
run on a remote computer, and it communicates with the 
environment over a network. This creates a natural separation 
between the computation engine and the display engine as the 
environment together with its nodes can be made to sit 
remotely on a fast computer (maybe a cluster or a high 
performance machine), while the GUI can run on a slow 
machine with limited resources. To make the code portable, 
the GUI has been written in JavaTM, while the computation part 
is written in C++.  

 

III.  CIRCLE FORMATION PROBLEM 

 
Shape formations algorithms have been studied for a long 

time. Formation of patterns such as circles, lines and polygons 
has been described in [1]. This algorithm uses global sensing 
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Fig. 4.  The sub-modules of each node. The node intelligence contains the 
main collaborative algorithm and uses the locomotion, wireless and sensing 
models to run the algorithm in it. Each of the models use some battery power 
for their operation, and every node has a limited battery power. 

 

 
 
Fig. 3.  Inter-relationship between the 3 main modules of Maheshdas. 
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Fig. 2.  Event driven aspect of Maheshdas. The nodes create events which 
are fed to the environment. 
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as a part of its working. In [2], the authors propose an 
approach called direct which moves a set of oblivious mobile 
robots to form a non-degenerate circle. In either of the cases 
the algorithms assume some ideal condition such as point-mass 
of robots, global sensing, ideal movement, ideal rotation, etc. 
of robots. These conditions are not true in the real world, and 
the algorithms may or may not perform as well as they do in 
theory. 

One such circle formation algorithm developed by Andrew 
Michael [3] was chosen to study the working of Maheshdas. In 
essence the algorithm makes a set of randomly distributed 
robots form a circle (actually an n-dimensional polygon) at 
some arbitrary point. Each robot finds two closest neighbors to 
it: the first left neighbor and the first right neighbor—based on 
the angles that it makes with them. Then the robot moves in a 
way such that the angle it makes with its closest neighbors is 
equal to the internal angle of the pre-decided n-dimensional 
polygon. This idea is illustrated in the following figure: 

 
 

The robots used use only local sensing to do the task. There is 
no global communication done to form the circle. The 
algorithm assumes no physical robot size, nor does it follow 
any locomotion or sensing model. The sensing is ideal, and 
any robots within the given range will be detected by the node 
under consideration. The algorithm is synchronous and all 
robots decide their next positions at the same time, and move 
there at the same time. All the robots wait till everybody has 
finished moving before going through the next iteration. Due 
to the synchronous nature of the algorithm, there is no concept 
of time elapsed in this process. The simulation is done in 
Matlab® and one sample outcome is shown in Figure 6. 

IV. PORTING A THEORETICAL ALGORITHM  

 
The algorithm discussed in section V was ported to 
Maheshdas. In order to produce a real environment, ASIRNet 
models were developed for use in each node (figure 4).  The 
models that were developed were based on robots that were 
developed as a senior project at RIT with funding from the 
DCI. Four robots were produced as a result of this project, and 
three different teams have worked on these robots. A picture of 
these robots is shown in Figure 7.  
 

 
 
The locomotion mechanism of the robots is very simple. It 

consists of two wheels on either sides of the robot, with two 
ball-bearing wheels on the perpendicular to the line joining 
these two wheels. The ball-bearing wheels give the robot 
stability during motion. To move back and forth both the 
wheels are operated in unison, and to rotate the wheels are 
made to rotate in opposite direction. 

 
 

The locomotion model takes into consideration the DC motor 
current rating of the motors, measured maximum velocity of 
the robots and the distance between the wheels to do its 
computations. It produces the time required by the robot to 
move or rotate, and the battery power required to do so. It 
introduces a random ±5% error in calculations to make it seem 
like real locomotion. The model is purposely made simple, so 
that the simulator can be tested, and complex parameters such 
as wheel slip, inefficient motion due to energy losses, 
acceleration time DC motor circuitry losses etc. are not 
considered. It should be noted that the focus is to produce a 
flexible simulator, and not to model complex phenomenon. 
Models can be as complex as necessary, but introducing them 
to the simulator is relatively easy. 
 
Two different sensor models were developed for the 

 

 
 

Fig. 7. Models were developed based on the robots shown in the above 
figure. This project was funded by the DCI in 2005. 

 

 
 

Fig. 6. A sample result of the theoretical circle formation that was studied. 
The dots represent the robots, and the small lines coming out of the robot 
denote the orientation with respect to the standard coordinate axis system. 
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Fig. 5.  Illustration of Andrew Michael’s circle formation algorithm. 
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simulation—an ultrasonic model and an ideal model. The 
ultrasonic model was not used in porting the algorithm, as the 
algorithm itself considers ideal sensing, but is included in the 
simulator for completeness. The ideal sensor model detects all 
robots within the given range, and does not introduce any 
errors in the detected distance of the robots. There is minimal 
timing requirement for ideal sensing and minimal power 
consumption to do it. Note that all these parameters are user-
configurable. The ultrasonic sensor is modeled based on the 
Devantech SRF04 Ranger [4]. Figure 8 shows this sensor 
along with the beam pattern that detects nearby objects. 

 
 
The beam pattern is approximated with a 6th degree 
polynomial with an R2 of 92.92%. Like the locomotion model, 
the ultrasonic model introduces a random ±5% error in 
calculations of measured distances to objects, and is very 
simple. It does not model complex characteristics such as 
interference of chirps from other sensors, effect of heat 
variation on sensing accuracy, effect of sensing surface, etc.  It 
should be noted that robots generally have multiple sensors on 
them. This model allows different sensors to be placed on the 
same robot. The placement of sensors is governed by a 
parameter called offset which tells the model the relative 
location of the sensor from the center of the robot. The idea of 
sensor placement is illustrated in the Figure 9. 

 
The wireless model is a little more complicated than the other 

models discussed so far. It is primarily based on two governing 
equations (1) and (2). To see the workings of this model, 
consider Figure 10. Some node, say node 1, is trying to send a 

message to some other node, say node 2. 
 

( . )+
=

Signal Power

Noise Power Bg Interference
T   (1) 

 

( )

( )
=

Length Corrupt Bits

Length Packet
BER

 (2) 
 
As the message is being sent, some time later another node, 
say node 4 starts to send a message to some other node, say 
node i. During the reception process at node 2, the message 
from node 1 interferes with the message from node 4. 
 
The shaded area is the area where the bits at node 2 are under 
the influence of the signal-to-noise and interference ratio. 
From node 2’s perspective, it calculates T based on equation 
(1), and compares it with a set threshold, say Tset, If T >= Tset 
then the packet is assumed not to be corrupted, and is accepted 
at node 2. On the other hand if T < Tset, then equation (2) is 
computed, and the value of the bit error rate (BER) is 
calculated. If this BER is acceptable (again comparing it with 
BERset), then the packet is accepted, otherwise the packet is 
considered corrupt, and ignored. It should be noted that there 
are many transactions of this sort going on in parallel between 
many nodes, and the environment schedules all the packet 
transmissions. The porting of Andrew Michael’s algorithm 
considers ideal wireless transmissions, and ignores the wireless 
model totally. It is built into the simulator for completeness. 
 

 
The last model in the node is that of the Battery. Again, this 

model is very simple and assumes that the voltage across the 
battery remains constant throughout the simulation. The 
battery is set to have a fixed amount of energy in it. Every time 
a model uses some energy, it is deducted from the current 
battery energy level. Whenever the battery drops down below 
a certain user-set threshold, it is considered dead and the entire 
nodes operation is stalled. The node just sits in the 
environment and stops producing and scheduling events with 
the environment. Since the node has a physical size, it is still 
detected by other nodes, but this time as an obstacle instead of 
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Fig. 9.  Relative location of sensors. The large circle in the center denotes 
the robot, and the small ovals are the sensors. The y-axis denotes the  
direction in which the robot is facing. Sensor2 is at an offset of 45° and 
sensor1 is at an offset of -45°. 
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Fig. 10.  Illustration of a particular case using the wireless model 

 

 

(a) (b) 
 

Fig. 8.  (a) The actual SRF04 sensor by Devantech (b) The beam pattern of 
the sensor. Anything in the shaded black area will be detected by the sensor 
[4]. 
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an active robot (but the robots are completely oblivious to this 
fact). 

V. SIMULATION OF THE PORTED ALGORITHM 

 
All the models discussed in the previous section were put 

together in Maheshdas, and the algorithm was tested. In the 
first part the algorithm was tested in a 10m x 10m field with 7 
robots, each with diameter 0.1m. The robots were set to have a 
sensing range of 6m each, and had a maximum velocity of 
0.1m/s. The robots take time to move to their planned 
positions, but there is not collision avoidance in the process, 
and the rotation is ideal, i.e., it does not take time to rotate to a 
given position. The outcome of the simulation is showed in 
Figure 11. 

 
As figure 11 shows, the robots do form a circle after about 48 
seconds of elapsed time, but there are three collisions in the 
process. The algorithm seems to be working when some real 
constraints such as locomotion time and asynchronicity are 
introduced into it. In the second simulation, a very naïve 
collision avoidance mechanism was introduced into the 
algorithm, and the assumption of zero rotation time was 
removed. This meant that the nodes took time to move as well 
as rotate. Along with this, the speed of the robots was lowered 
to 0.05m/s. With these constraints into effect, the simulation 
was performed again to see if the algorithm converged into a 
circle. Figure 12 shows the output of the process. The output 
shows that the algorithm fails to converge into a circle after 9 
seconds of simulation time (and fails to converge even after a 
long time). 
 
The same algorithm was tested by switching on a conservative 
collision-avoidance algorithm with ideal rotation, and then 
with real rotation and no collision avoidance. In both the cases, 
the algorithm almost always fails to converge into a circle. To 
find the cause behind this, the collision avoidance was 

switched on, and the rotation time was increased from 0 by 
small amounts in successive simulations. It was found out that 
as the rotation time increased, the algorithm converges less 
often. This meant that closer the algorithm is to a synchronous 
behavior (i.e., all robots moving in approximately the same 
iteration), the better chances of it to form a circle. If this fails, 
i.e., a situation where one robot is in say iteration 1, and 
another is in iteration 5 at the same time, the algorithm fails. 
 

 

VI. CONCLUSION 

 
Theoretical collaborative algorithms may not perform as 

well as they do in theory when they are ported to a real 
environment. Using a flexible simulator such as Maheshdas 
gives a good idea of how these algorithms will perform when 
real constraints are imposed into it. Their behavior after 
simulation in such a simulator can be a great factor in 
improving the algorithm. Maheshdas is still in its infancy, and 
much development needs to be done in order to make it 
compatible with many more models and algorithms.  
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Fig. 12. Simulation with collision-avoidance, and real rotation time. 

 

 
 

Fig. 11. Simulation with no collision-avoidance and ideal rotation time. 
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