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discrepancies in the chemical concentrations that can be

measured at close points inside the plume.

This paper is organized as follows: a brief description of

plume generation using mathematical models, experimental

data and CFD software is given in section II. Section II

also holds the description of the developed software. Section

III introduces the experimental setup and section IV the

results for the conducted experiments. The discussion of the

results is presented in section V. Conclusions and future

work related to this article are given in section VI.

II. PLAYER/STAGE OLFACTORY SIMULATOR

A. Plume Generation

This work focuses mostly on odor plume simulation, thus,

a very important aspect is the plume generation. In a very

simplistic way a plume can be generated using different

methods ranging from directly applying a wide range of

mathematical models available nowadays, the data provided

by CFD software, to the data collected from real world

experiments. In this section, the previously referred methods

for plume generation were implemented and tested.

Despite the referred options, in CFD, plumes are usually

modeled by three laws inherent to the flow of fluids: the

conservation of mass, the conservation of momentum and the

conservation of energy [16]. Along with these, the turbulent

effect can also be included in CFD [17]. All together, these

equations are known as Governing equations or, when related

to real viscous flows, as Navier-Stokes equations. Hence, in

CFD, the two dominant transport mechanisms of chemical

species in the surrounding fluid can be described by the

Convection - Diffusion Equation, presented in equation 1

where C(x, y, t) is the concentration, ~V the fluid velocity

field and D the diffusion coefficient. The first and second

terms on the right side of equation 1 represent, respectively,

the convection and diffusion contributions.

∂ C(x, y, t)

∂t
= −~V · ▽C(x, y, t) +D▽

2C(x, y, t) (1)

B. Mathematical Models

In the problem of plume generation one of the main areas

of focus is the use of mathematical models which try to

describe the physical behavior of plumes: the shape of the

plume, both close and far from the source, and also the

intermittency. As examples of these models one can refer for

example the Gaussian or stochastic models. In this work two

models were implemented and are included in the simulation

framework: Gaussian and Meandering [18], [19] .

1) Gaussian Model: The Gaussian model is probably one

of the simplest models which are commonly used to simulate

an odor plume. The following parameters concerning the

environment can be specified: the release point, the initial

concentration of the source, the downwind distance, the time

and the diffusivity constants. This allows for different odor

plumes to be generated. Equation 2 presents the Gaussian

expression that is responsible for data generation. The C
denotes the concentration, Q the mass of the emission and

Fig. 2. Simulated plume based on the Gaussian model. A - odor source

Fig. 3. Simulated plume based on the Meandering model. A - odor source

σx and σy the coefficient of diffusion in x and y (the

standard deviation in the gaussian equation).

C(x, y, t) =
Q

4π
√
σxσyt

e

(

−
1
4t

(

(x−x0)2

σx
−

(y−y0)2

σy

))

(2)

The concentration at a specific point and time can be cal-

culated using expression 2. As it can be seen the expression

includes the time variable, making it possible to animate

the Gaussian plume. Thus, this simulation incorporates the

ability to replicate the changes of the plume over time. An

example of this plume can be seen in Figure 2.

2) Meandering Model: This model specifies and approx-

imates the behavior of a plume consisting of an odor source

and an air mass. The odor molecules are released from a

predefined point and are transported by the air flow which

flows also in a predefined direction. The air flow changes

among different vectors which moves the centerline of the

plume, known as plume meandering. This feature is common

in odor plumes and denotes the plume dispersion. Hence

the generated plume will be similar to the one generated by

the Gaussian model with the meandering component taken

into account. The equation 3 describes the used method

to calculate the concentration in (x, y) coordinate at time

t. The yc(x, t) denotes the center of the plume, w(x, t)
the width and h(x) the height of the plume, dependent on

the distance x and time t; σy(x, t) = w(x, t)/
√

(2π) and

σz = h(x)/
√

(2π).

C(x, y, t) =
Q

2πσy(x, t)σz(x)
e

(

−
(y(t)−yc(x,t))2

2σ2
y(x,t)

)

(3)
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Fig. 6. PlumeSim flow chart.

simulation time than a robot takes for example to finish its

odor search algorithm, once a set of data reaches the end

the plume stays still. This is however a characteristic of the

software that does not interfere with the proper use of the

simulator, since a plume in a controlled environment tends

to become stable over time. Moreover the rate of the data

being played back from a log file can be speeded up or

slowed down. Currently the utility set is composed by four

sources of plume simulation:

• PSGaussian, based on the gaussian algorithm mentioned

previously. This is a plume that changes over time. It

can only be simulated for open spaces with no obstacles

and only supports one robot at a time, since feeding the

same object to multiple robots would generate a slightly

different plume for each agent.

• PSMeandering, based on the meandering algorithm de-

scribed above. It shares the same constraints described

for the PSGaussian class. However this is a plume that

does not change over time, always displaying a stable

plume.

• PSLog, which allows to read a log file designed specif-

ically for this application, enabling the driver to read

data from any source previously converted to this for-

mat, including mathematical models, CFD log files, or

data collected experimentally. This method allows for

multiple robots since the same data can be replicated

in multiple instances at the same time, as well as for

multiple odor sources.

• PSFluent, which is similar to the PSLog class but is

designed specifically to read Fluent log files on the fly.

Otherwise it shares the same basic characteristics with

PSLog. Fluent provides many options for log file output,

so the correct format holding the required data should

be used, as stipulated by the PlumeSim driver.

Fig. 7. The testing arena.

Fig. 8. Model of the experimental setup. A - RS485 network, B - Clean
air, C - Ethanol, D - Air flow input, E - Air flow output

III. EXPERIMENTAL SETUP

All the desired characteristics and behaviors of the en-

vironment can be introduced in the experiment due to the

available, fully equipped testing arena, designed specifically

for the purpose of plume tracking and odor search algorithm

development. The arena is a completely enclosed environ-

ment delimited by four walls where two of them are made

of plastic with the shape of honeycombs. It includes an array

of controllable fans allowing for the generation of different

kinds of air flows. Along with the structure, the chemical

source can be placed in several positions, not only in the

boundaries of the environment but also at any point within its

limits. For the experiment performed in the arena a constant

air flow was generated in order to create homogeneous and

laminar wind. Furthermore, ethanol vapor (C2H5OH) was

used as odor.

Inside the arena there is a sensor network responsible for

the data collection. Each sensor node is placed in a specific

location and acquires the chemical and wind data during the

experiments. This network is connected to a supervisor which

controls all the actions taking place in the arena, including

data gathering. The acquired data is then exported and the

generated files can be processed by the PlumeSim simulator.

The mobile robot used in the experiments is an iRobot

Roomba 560 equipped with an array of SRF08 sonars, an

olfactory system, an anemometer and an Eee PC running

Player. The olfactory system on the robot used the com-
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Fig. 13. Graphical representation of the odometry of the robot for real,
hybrid and simulated tests.

odor search algorithms, since the debugging and testing of

the software can be done in steps, starting from a simulated

environment before progressing to real world experiments.

Finally, the casting algorithm used in the simulated experi-

ment was used in the real world experiment without the need

for any changes. Furthermore all experiments had similar

results. Figure 13 depicts the robot’s odometry measured

during a simulated experiment (Subsection IV-A), during a

hybrid experiment (Subsection IV-B) and during a real world

experiment (Subsection IV-C). The measured trajectories are

very similar.

All the code developed for this project is available to

the public2, along with documentation and videos of the

simulated and real world experiments.

VI. CONCLUSIONS AND FUTURE WORK

The PlumeSim framework performed as expected. It suc-

cessfully provides simulated plumes to Player/Stage, en-

abling for easier mobile robot odor search algorithms de-

velopment. This package is able to provide simple plumes,

plumes with meandering and plumes with intermittence.

Also, through the use of collected data or CFD software

it is possible to incorporate obstacles into the simulations.

This was however the first step of PlumeSim. There is

much room for improvement. Future work will focus on

chemical sensor modeling, so that the data provided to

the robot is not the data from the plume itself, but that

which the desired sensor would provide in those condi-

tions. This is a very important feature since the type of

sensor used might have a large influence in the design of

the odor search software. The most relevant properties of

an artificial olfactory system are sensitivity, selectivity and

speed of response. Moreover Player/Stage does not yet have

specific interfaces for chemical sensors or anemometers.

The PlumeSim package would greatly benefit from such

interfaces, as would Player/Stage.

2http://embedded.deec.uc.pt/∼guardians/plumesim/
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