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Moth-inspired plume tracing via
multiple autonomous vehicles under
formation control

Xiaodong Kang1,2 and Wei Li1,3

Abstract
The moth-inspired plume-tracing strategies on a single REMUS underwater vehicle successfully tracked a Rhodamine
dye plume over 100 m and declared its source location in near-shore ocean environments that are characterized by tur-
bulence, tides, and waves. This paper expands moth-inspired plume tracing via a single vehicle to multiple vehicles. The
new strategy includes a mechanism determining a leader vehicle to perform moth-inspired plume-tracing maneuvers and
a formation algorithm controlling non-leaders to follow the leader during plume-tracing missions. The Monte Carlo stud-
ies evaluate the strategy in a virtual environment where a simulated plume with significant filament intermittency and
meander is developed. Considering our application, our simulation studies address an autonomous underwater vehicle’s
kinematics and dynamics. The results demonstrate plume-tracing performance achieved by multiple vehicles, which auto-
matically switch their roles superior to the single vehicle.
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1 Introduction

Olfactory-based mechanisms have been hypothesized
for biological behaviors, e.g., foraging by lobsters (Basil
& Atema, 1994), foraging by blue crabs (Weissburg &
Zimmer-Faust, 1994), mate seeking, and foraging by
moths (Cardé, 1996). A review on insect finding distant,
wind-borne sources of odor can be found in the recent
article by Cardé and Willis (2008). Koehl et al. (2001)
further reported how lobster olfactory antennules
hydro-dynamically alter the spatiotemporal patterns of
concentration in turbulent odor plumes.

Recently there has been interest in developing auton-
omous vehicles capable of chemical plume tracing
(CPT) (Cowen & Ward, 2002). Vergassola, Villermaux,
and Shraiman (2007) generalized the plume-tracing
issue as ‘‘infotaxis’’ as a strategy for searching without
gradients. The work by Belanger and Willis (1998) pre-
sented plume-tracing strategies, including counter-
turning strategies, intended to mimic moth behavior,
and analyzed the performance in a computer simula-
tion. Li, Farrell, and Cardé (2001) evaluated and opti-
mized the moth-inspired plume-tracing strategies in a
simulated plume with significant meander and intermit-
tency of plume puffs. Grasso, Consi, Mountain, and
Atema (2000) evaluated biomimetic strategies and chal-
lenged theoretical assumptions of the strategies by

implementing biomimetic strategies on their robot lob-
ster. The studies by Liao and Cowen (2002) and
Weissburg et al. (2002) proposed sensor array-based
strategies and suggested that search strategies based on
following the ‘‘edge’’ of a plume (as opposed to the cen-
terline) are robust. Russell (2001) included robotic
implementation of algorithms that estimate statistics of
the plume such as the plume centroid, and experiments
where the chemical is constrained to a multiple-duct
tunnel system. Ishida, Kagawa, Nakamoto, and
Moriizumi (1996) used an array of sensors to track the
plume by estimating the three-dimensional direction
toward the odor source. Marques, Nunes, and Almeida
(2002) performed plume-tracing tests using mobile
robots in laboratory environments. Lilienthal, Ulmer,
Froehlich, Werner, and Zell (2004) reported test results
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on proximity to a gas source when a laboratory robot
maneuvered in the vicinity of the source location. Two
research groups addressed CPT via multiple robots
through swarm behaviors (Hayes, Martinoli, &
Goodman, 2002; Zarzhitsky & Spears, 2005). Recently,
Meng, Yang, Wang, and Zeng (2011) used multi-robots
to localize an odor source in airflow environments.

Autonomous underwater vehicles (AUVs) with CPT
capabilities would be valuable in searching for deep-sea
hydrothermal vents, finding unexploded ordnance in
near-shore environments, and monitoring pollutants or
localizing sources of hazardous chemicals in a harbor.
The strategies proposed in the article (Li et al., 2001)
were implemented on a REMUS underwater vehicle
with a single chemical sensor for the in-water test runs
in November and April 2002 at the San Clemente
Island of California and in June 2003 in Duck, North
Carolina (Li, Farrell, Pang, & Arrieta, 2006; Farrell,
Pang, & Li, 2005). The field experiments successfully
demonstrated tracking of chemical plumes over 100 m
and source identification accuracy in the order of tens
of meters in the near-shore, oceanic fluid flow environ-
ments, where plumes were developed under turbulence,
tides and waves. The most recent CPT in-water test run
via an AUV at Dalian Bay in China (Kang, Li, Xu,
Feng, & Li, 2011) also validated effectiveness of the
moth-inspired CPT strategies.

The effective tracking of a chemical plume via multi-
ple AUVs in ocean environments is a very challenging
task. Based on the moth-inspired approaches that suc-
cessfully tracked a chemical plume and declared the
chemical source in the near-shore ocean environments,
however, developing a new strategy for plume tracing
via multiple AUVs allows us to simplify the design
procedure. Effectively coordinating multiple AUVs to
achieve a better CPT performance has become one of
the most important issues. This paper extends moth-
inspired plume tracing via a single vehicle to multiple
vehicles by redefining the Find-Plume, Maintain-
Plume, Reacquire-Plume, and Declare-Source beha-
viors (Li et al., 2006). Under the assumption of com-
munication availability between the vehicles, we
develop a coordination mechanism for selecting a
leader among multiple vehicles, which leads the vehi-
cle fleet to perform moth-inspired plume tracing and
propose a formation algorithm for the control of the
non-leader vehicles to follow the leader during CPT
missions. We evaluate the proposed strategy in a
simulated fluid-advected environment with scales of
100 m. The studies show that, in comparison with a
single vehicle, CPT via a multiple-vehicles system sig-
nificantly reduces the time cost for tracing the plume
toward its source and identifying the source location,
and slightly improves the accuracy of the declared
source locations. Figure 1 shows a scenario of tracing
a plume with a significant meander via multiple
vehicles.

This paper is organized as follows. Section 2 briefly
reviews the moth-inspired CPT strategy. Section 3 pre-
sents the kinematics model for formation control of
multiple vehicles. Section 4 develops a coordinate
mechanism for multiple vehicles and a control law in
regards to an AUV’s kinematics for keeping multiple
vehicles in a formation shape. Section 5 uses the Monte
Carlo method to evaluate the proposed strategy by con-
sidering the AUV’s dynamics. Section 6 draws some
conclusions about the strategy and the test runs’ results.

2 Moth-inspired plume tracing

The moth-inspired CPT strategies (Li et al., 2001, 2006)
consist of four fundamental behaviors: finding the
plume (Find-Plume), maintaining the plume (Maintain-
Plume), reacquiring the plume (Reacquire-Plume), and
declaring the source location (Declare-Source). The
Find-Plume behavior is designed to dominantly imple-
ment a cross-flow search for the entire operational area
without any assumptions about the location of the
plume source. The commanded heading is defined as
u = wd(t, x, y) + sign(h)Du(t), which is an offset to the
computed flow direction denoted by wd(t, x, y). The sign
of the variable h will be 61. The variable Du(t) can
only take on one of the two constant values Du(t)up or
Du(t)down. How to choose an initial direction to start
the Find-Plume behavior is discussed in Li et al. (2006).
The Maintain-Plume and Reacquire-Plume behaviors
are abstracted from the location of the pheromone-
emitting females by flying male moths (Cardé, 1996;
Elkinton, Schal, Onto, & Cardé, 1987). The Maintain-
Plume behavior is described by

Figure 1. Tracking of a chemical plume with a significant mean-
der via multiple vehicles. The vehicles automatically switch their
roles to effectively trace the plume. A leader is controlled to stay
in the middle between two followers during the chemical plume-
tracing mission.
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u = wd(t, x, y) + 1808 + Du(t)Track�In

v = vc

�
t 2 Tabove ð1Þ

u = wd(t, x, y) + 1808 + Du(t)Track�Out

v = vc

�
t 2 Tbelow ð2Þ

where wd(t, x, y) is the flow direction, both Du(t)Track�In

and Du(t)Track�Out are the offset angles for Track-In
and Track-Out activities, and Tabove and Tbelow are
durations for Track-In and Track-Out activities. The
Reacquire-Plume behavior reacquires a contact with
the plume in the situation where the chemical has not
been detected for at least a few seconds. A cloverleaf-
shaped trajectory or its variant (Li et al., 2001, 2006)
was used to implement the Reacquire-Plume behavior
to cast for the lost chemical plume. The Declare-Source
algorithms are derived from the moth-inspired plume-
tracing strategies (Li, 2010). These algorithms use the
last chemical detection points (LCDPs) to construct
source identification zones for source identification. A
chemical detection point at which a vehicle loses con-
tact with the chemical plume for certain seconds is
defined as LCDP. In this paper, we implement the
SIZ_F source identification algorithm based on LCDPs
for CPT missions. The SIZ_F algorithm maintains all
LCDPs in the order of the current up-flow direction
using the priority queue. The SIZ_F algorithm declares
the source location when enough LCDPs, i.e., the num-
ber of LCDPs � Nmin, are located in a source identifi-
cation zone with a radius eF . We take Nmin =6 and eF

=6 m as suggested in the article by Li (2010). This
algorithm was validated through our recent in-water
test runs of tracing a Rhodamine dye plume via a single
AUV (Kang et al., 2011).

3 Formation control of multiple vehicles

In contrast to CPT via multiple vehicles (Hayes et al.,
2002; Zarzhitsky & Spears, 2005), we adopt the leader–
follower strategy (Edwards, Bean, Odell, & Anderson,
2004) to perform CPT missions via multiple vehicles.
This strategy suits the control of swarm behaviors of
the entire vehicle fleet and can guarantee the formation
stability, as the leader can be replaced with a follower
when it is defective. A formation approach maintains
control of the multiple vehicles in two levels. Firstly, it
determines a sub-target for the leader according to the
current vehicles’ status, and then generates trajectories
to steer the vehicles toward the target in a formation
shape depending on a control strategy.

Considering our further application of CPT via mul-
tiple AUVs in near-shore ocean environments, we
establish the kinematic equations of the AUV to
describe relative motions of the leader and a follower.
In doing so, we define two types of coordinate systems:
the world system f0g and a body system fig defined on
a follower vehicle i, as depicted in Figure 2. Let (n, c, u)

be the vehicle’s status, described in f0g, where v is the
forward velocity in m/s, c is yaw angle in radians, and
u is pitch angle in radians respectively, assuming the
vehicle’s roll angle u = 0.

The general rotation matrix from the world coordi-
nate system f0g to the body coordinate system fig can
be expressed by

i
0R =

cos ui cos ci cos ui sin ci � sin ui

� sin ci cos ci 0

sin ui cos ci sin ui sin ci cos ui

2
4

3
5 ð3Þ

The velocity equations of vehicle i described in 0 can be
found by

_xi = vi cos ui cos ci

_yi = vi cos ui sin ci

_zi = �vi sin ui

8<
: ð4Þ

Equation (4) can be written as

_pi = A(ui, ci)vi ð5Þ

where A(ui, ci) = ½cosuicosci cosuisinci � sinui�T . The
position vector pi = ½xi, yi, zi�T of vehicle i, described in
system f0g can be obtained, by integral of Equation 5.
We use

Dpf = f
0R(pl � pf ) ð6Þ

to calculate the relative distance vector
Dpf = ½Dxf , Dyf , Dzf �T from a follower f to the leader l,
described in the follower’s body coordinate system ff g,
where

f
0R is the rotation mapping from the world coor-

dinate system f0g to the follower body system ff g.
Note that subscript i indicates that the status of vehicle
i is described in the world coordinate system f0g,
whereas superscript f is described in the follower body
system ff g. Figure 3a shows projections of the leader
relative position on its two followers’ body coordinate

Figure 2. World coordinate systems f0g and a body coordi-
nate system fig on vehicle i.
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systems. Figure 3b shows the trajectories of the three
autonomous vehicles under the formation control laws
described in Equation 16. The leader, located in the
middle along the motion direction, is moving on a lin-
ear trajectory indicated by the red trajectory, whereas
both of the two followers follow the leader on both of
its sides and generate the green and blue trajectories.

4 Chemical plume tracing via multiple
vehicles

For CPT missions via multiple autonomous vehicles,
we re-define the Find-Plume, Maintain-Plume,
Reacquire-Plume, and Declare-Source behaviors
below. The Find-Plume behavior controls the multiple
vehicles to search for a plume in the entire operational
area using cross-flow trajectories without any assump-
tions about the location of the chemical plume and its
source. The Reacquire-Plume behavior controls the
multiple vehicles to follow a cloverleaf-shaped trajec-
tory or its variation to cast the lost plume. Obviously,
the Find-Plume or the Reacquire-Plume maneuvers
using multiple AUVs increase the chance of finding or
casting the plume. The multiple vehicles system acti-
vates its Maintain-Plume behavior once one of the
vehicles detects a chemical plume. During Maintain-
Plume maneuvers, the leader vehicle utilizes the Track-
In and Track-Out activities to move up-flow toward
the source location, whereas the non-leader vehicles
server as guarders to follow the leader. For chemical
source declaration via the multiple AUVs, the inputs to
the SIZ_F algorithm are the LCDPs collected by all the
AUVs, instead of a single one. Only the leader AUV
declares the source location. Its pseudo code is given in

Table 1. The AUVs’ roles are assigned at activating the
Maintain-Plume behavior. The source identification
behavior does not change their roles. For the Find-
Plume behavior, we use

Ai = rand()

Amax = max(Ai), i = 1, � � � , n
ð7Þ

to choose the leader, where Ai is the leader competition
coefficient of vehicle i, rand() generates a random num-
ber between 0 and 1, Amax is the maximum among all
competition coefficients, and the vehicle with Amax is
the leader. For the Maintain-Plume behavior, we use

Ai =
0, Ci\d

au(Ci � d)� b(e�kDi � 1), Ci � d

�

Amax = max(Ai), i = 1, � � � , n

ð8Þ

to choose the leader, where d is the threshold defined
for chemical sensor, Di is chemical detected time for
vehicle i, a, b, and k are the positive constants,
u(Ci � d) is a unit-step function and its output is 1 when
Ci � d, and Ci is the chemical concentration detected
by vehicle i and its model is discussed in the work by Li
et al. (2001). Compared with the time lag of the vehicle
dynamics, the chemical sensor’s response time can be
ignored. In our study, we choose a=b=0.5 and
k=1.0. Equation 8 selects the vehicle that first detects
the chemical plume as the leader to start the Maintain-
Plume behavior during the course of a CPT mission.
When a vehicle is selected as the leader, it should be
controlled to stay in the middle between the two fol-
lowers during CPT missions, whereas the two followers
follow and keep a distance from the leader, as shown in

(a) (b)

Figure 3. Formation control of three autonomous underwater vehicles (AUVs) in a triangle shape. (a) The leader location is
described in the coordinate systems of the followers. (b) The leader’s trajectory is indicated by the red line (middle) and the followers’
trajectories by the green and blue lines on two sides of the leader’s trajectory.
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Figure 3b. The Reacquire-Plume behavior keeps the
same leader determined by Equation 8.

The proposed strategy for the plume tracing via
multiple vehicles inherits the demonstrated advantage
of the moth-inspired plume tracing via a single vehi-
cle, i.e., it uses a leader in the multiple vehicles system
to perform the Find-Plume, Maintain-Plume,
Reacquire-Plume, and Declare-Source behaviors.
Being superior to the single vehicle system, the multi-
ple vehicles system determines dynamically its leader
during the course of CPT missions according to the
vehicles’ statuses and environment information so
that each vehicle in the multiple vehicles system
potentially acts as a leader. Through communication
between the vehicles, the leader has to direct the non-
leaders to find the plume, trace the plume, cast the
plume, and declare the plume source location. Figure
4 shows the behavior switching diagram-based

coordination mechanism for a multi-vehicle system,
which is designed by adding a Formation-Keeping
behavior to the diagram for a single vehicle system
(Farrell et al., 2005). The symbol d denotes the beha-
vior switch that is on when chemical is detected, s
denotes the behavior switch that turns on when
source is declared, c denotes the behavior switch that
is on when the vehicle’s role is switched, �d denotes the
behavior switch that is on when chemical is not
detected for some time interval, �s denotes the beha-
vior switch that is on when source is not declared, and
the symbol �c denotes the behavior switch that is on
when the vehicle’s role remains unchanged. Once the
leader changes its role, it acts as a follower by switch-
ing its behavior to Formation-Keeping. For the fol-
lowers, their fundamental behavior is Formation-
Keeping. Each follower probably switches its role into
that of a leader when it triggers a Track-In activity, as

Table 1. SIZ_F algorithm for identifying the plume source via an AUV fleet
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indicated by a dash-dot arrow labeled with d \ c in
Figure 4, and at the same time the former leader
becomes a follower.

In our application, we use three autonomous vehicles
to perform CPT missions while maintaining a triangu-
lar formation. In order to implement the Formation-
Keeping behavior, we calculate the deviations of the
relative distance vector in Equation 6 and then obtain
the velocity vector

D _pf = f
0R( _pl � _pf ) + f

0
_R(pl � pf )

= f
0R � _pl � f

0R � _pf + f
0

_R(pl � pf ) ð9Þ

where pl = ½xl, yl, zl�T and pf = ½xf , yf , zf �T are the loca-
tions of the leader and the follower described in the
world coordinate system, and D _pf is described in
the follower coordinate system ff g, respectively.
Considering the orthogonality of

f
0R and using

Equations 5 and 6, we have

D _pf = f
0R � A(ul, cl)vl � f

0R � A(uf , cf )vf + f
0

_R(f
0R)T Dpf

ð10Þ

and

f
0R � A(ul, cl) =

cos uf cos cf cos uf sin cf � sin uf

� sin cf cos cf 0

sin uf cos cf sin uf sin cf cos uf

2
64

3
75�

cos ul cos cl

cos ul sin cl

� sin ul

2
4

3
5=

cos ul cos uf cos Dc + sin ul sin uf

cos ul sin Dc

cos ul sin uf sin Dc� sin ul cos uf

2
4

3
5

ð11Þ

f
0R � A(uf , cf ) =

cos uf cos cf cos uf sin cf � sin uf

� sin cf cos cf 0

sin uf cos cf sin uf sin cf cos uf

2
4

3
5�

cos uf cos cf

cos uf sin cf

� sin uf

2
4

3
5=

1

0

0

2
4
3
5 ð12Þ

f
0

_R � (f
0R)T =

r11 r12 r13

r21 r22 r23

r31 r32 r33

2
64

3
75

cos uf cos cf � sin cf sin uf cos cf

cos uf sin cf cos cf sin uf sin cf

� sin uf 0 cos uf

2
4

3
5

=

0 _cf cos uf � _uf

� _cf cos uf 0 � _cf sin uf

_uf
_cf sin uf 0

2
64

3
75 ð13Þ

where Dc = cf � cl and

r11 = � _uf sin uf cos cf � _cf cos uf sin cf

r12 = � _uf sin uf sin cf + _cf cos uf cos cf

r13 = � _uf cos uf

r21 = � _cf cos cf

r22 = � _cf sin cf

r23 = 0

r31 = _uf cos uf cos cf � _cf sin uf sin cf

r32 = _uf cos uf sin cf + _cf sin uf cos cf

r33 = � _uf sin uf

8>>>>>>>>>>>>>><
>>>>>>>>>>>>>>:

ð14Þ

Plugging the Equations 11–13 into 10, we have

D _pf =
sin uf sin ul + cos uf cos ul cos Dc

cos ul sin Dc

� sin uf sin ul + cos uf cos ul cos Dc

2
4

3
5vl

+
�1 �Dxf Dyf cos uf

0 0 �Dxf cos uf � Dzf sin uf

0 Dzf Dyf sin uf

2
4

3
5 vf

_uf

_cf

2
4

3
5

ð15Þ

When the distance of a follower to the leader is
assigned, i.e., D _pf in Equation 15 is given, we can obtain
the formation control law for a follower (Cui, Xu, Xu,
Yan, & Pan, 2007):

vf = (sin uf sin ul + cos uf cos ul cos Dc)vl + g2xe

_uf = zevl cos ul cos Dc=k2 + Dzf sin uf � k2 sin uf + _ul

_cf = vlye cos ul=k1 + (k1 sin Dc� zeDyf sin uf ) + _cl

8<
:

ð16Þ

where xe and ye represent the formation errors between
the follower’s actual location and the trajectory to be
followed on the axes X and Y, and the control coeffi-
cients g, k1 and k2 are positive constants that mainly
affect the forward velocity, the yaw angle and pitch
angle rates of the follower. In our application, we

Figure 4. Behavior switching diagram-based coordination
mechanism for multiple vehicles to trace a chemical plume.
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choose g = 16, k1 = 0:1 and k2 = 0:01. By considering the
vehicle’s dynamics (Kang, 2010), we simulate different
formation strategies to evaluate the formation perfor-
mance. During the simulation studies, the leader’s velo-
city is set as constant 6 knots, whereas the followers’
velocities are adjusted to between 1 and 8 knots (0.5–
4.0 m/s) to maintain the assigned formation. Figure 5
represents a simulation result on maintaining a triangu-
lar formation. It clearly demonstrates that using the
proposed control law the formation errors are elimi-
nated quickly. For in-water test runs, we use data col-
lected by the Doppler Velocity Log (DVL) to calculate
the actual vehicle’s location (Li et al., 2006; Farrell et
al., 2005; Kang et al., 2011; Tian, Li, Zhang, & Yu,
2011). This localization technique can be directly
applied for each AUV in the multiple AUV system.

5 Simulation evaluation

We evaluate the strategy for moth-inspired CPT via
multiple vehicles in a simulated fluid-advected environ-
ment (Sutton & Li, 2008), which upgrades the version
of Farrell, Murlis, Long, Li, and Cardé (2002) by
expanding the filament-based plume model from two
dimensions to three dimensions. The upgraded version
allows us conveniently to define multiple vehicles and
plume sources, as shown in Figure 6. The plume model
(Farrell et al., 2002) does not specify any type of plume,
but addresses the major characters that challenge CPT
algorithms, such as significant intermittency between
chemical filaments, significant plume meander, noise
and uncertainty of sensors, and magnitude and direc-
tion variation of flow fluid at time and location. The
detailed analysis of this model and the data comparison
between the simulated and real plumes can be found in
Farrell et al. (2002).

The operational area is specified by [0, 100]3
[250, 50] in meters. The filament release rate is 5 fila-
ments per second, the simulation time step is 0.01 s,

and the mean fluid velocity is 1.0 m/s. The measured
fluid flow is corrupted by additive noise that is a white
normal random process. The plume source is located at
(10, 0) in meters, which is unknown to the vehicles
fleet. The home location is defined as (110, 40) in
meters outside the operational area. The operation time
is limited to Tmax =1000 s. For each CPT mission, the
vehicle fleet starts around the home location and
returns to the home location when the vehicle fleet
identifies the source location or reaches its maximum
mission time Tmax.

The evaluation studies are to compare the CPT per-
formances via a single vehicle with those via multiple
vehicles. Both strategies run in the same simulated
fluid-advected environment concurrently. The simula-
tion studies keep changing the chemical plume in a fluid
environment over time, and 1000 CPT test runs are per-
formed for our studies. Vehicle speed can be adjusted
between 1 and 8 knots (between 0.5 and 4.0 m/s).
Figure 6 shows a run of the CPT mission, including the
Find-Plume, Maintain-Plume, Reacquire-Plume, and
Declare-Source behavior activities. The vehicle fleet
starts its CPT mission around the home location.
Vehicle 1 is selected as the leader and activates Find-
Plume behavior, and vehicles 2 and 3 follow the leader
to perform a cross-flow search for the chemical plume
in the operational area. Since vehicle 3 first detects the
plume, it becomes the leader, as shown in Figure 6a.
Once vehicle 3 activates Maintain-Plume behavior as
the new leader and uses Track-In and Track-Out activi-
ties toward the chemical source location, while the
other vehicles start to follow the new leader via commu-
nication. For example, vehicle 1 switches its role to a
follower, so it moves to the left side of the leader to
build another triangular formation and maintains this
formation by following the leader, as shown in Figure
6b. When vehicle 3 loses its contact with the chemical
for a certain number of seconds, it activates Reacquire-
Plume behavior to cast for the lost chemical, and vehi-
cles 1 and 2 follow the leader on cloverleaf-shaped tra-
jectories. As vehicle 2 first casts the lost plume during
Reacquire-Plume activity, it switches its role to the
leader and triggers a new Maintain-Plume activity. In
the meantime, vehicle 3 turns its role to that of a fol-
lower and moves to the right side to build a new trian-
gular formation. Vehicle 2 leads the vehicle fleet to
reach the source location, as shown in Figure 6c. Figure
6d demonstrates Declare-Source activities of the vehicle
fleet to identify the source location. Figure 1 shows the
more difficult tracking of the chemical plume related to
a significant meander via multiple vehicles. Tables 2
and 3 list the result of the evaluation studies in three
aspects: reliability, accuracy, and time cost. The results
show that CPT via the multiple vehicles significantly
reduces the time cost for tracing the plume and declar-
ing the source location, and slightly improves the source
location accuracy.

Figure 5. Simulation studies on following trajectories under for-
mation control of the non-leader vehicles.
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6 Conclusions

This paper presents a novel strategy for a moth-
inspired CPT via multiple AUVs under formation con-
trol. The leader in the vehicle fleet is responsible for

finding the plume, tracing the plume, casting the
plume, and declaring the source location, whereas the
two followers serve as guarders keeping the leader in
the middle when performing CPT missions. Figure 7
displays the trajectories from the home location to the

(a) (b)

(c) (d)

Figure 6. A test run of moth-inspired plume tracing via multiple vehicles under formation control. (a) Find-Plume activity: vehicle 1 is
the leader, and vehicles 2 and 3 follow it to find the plume, but vehicle 3 becomes the leader when it first detects the plume. (b)
Maintain-Plume activity: vehicle 3 is the leader to perform Maintain-Plume behavior, and vehicles 1 and 2 follow the leader toward to
the source. (c) Reacquire-Plume activity: vehicle 2 first detects the plume during Reacquire-Plume and becomes the new leader, and
vehicles 1 and 3 follow it toward to the source location. (d) Declare-Source activity: all vehicles run around the source location to
identify the chemical source by alternating the leader and followers’ roles.

Table 2. Time cost for chemical plume tracing (CPT) test runs on single vehicle versus multiple vehicles

CPT strategies
(1000 runs)

Average
time, s

Time within
150–200 s

Time within
200–250 s

Time within
250–300 s

Time within
300–350 s

Time within
350–400 s

Time greater
than 400 s

Single vehicle 229.7512 61/1000 (6.1%) 754/1000 (75.4%) 164/1000 (16.4%) 16/1000 (1.6%) 5/1000 (0.5%) 0/1000 (0.0%)
Multiple vehicles 195.1064 645/1000 (64.5%) 329/1000 (32.9%) 21/1000 (2.1%) 2/1000 (0.2%) 2/1000 (0.2%) 1/1000 (0.1%)

138 Adaptive Behavior 20(2)

 at SEIR on August 2, 2012adb.sagepub.comDownloaded from 

http://adb.sagepub.com/


plume source location during the leaders’ maneuvers.
The leaders generate these nearly linear trajectories,
which are close to the shortest paths to find the plume
and to trace the plume toward its source location. The
test run in Figure 6c shows that a follower (vehicle 2)
detects the chemical plume and takes over the leader
role when the leader (vehicle 1) activates the Reacquire-
Plume behavior after it loses its contact with the plume
for a certain number of seconds, so that the time cost
for casting the plume on cloverleaf-shaped trajectories
significantly decreases, i.e., the time cost for plume tra-
cing is greatly reduced, as indicated in Table 2. The
time cost for declaring the source location is also
reduced because creating LCDPs in parallel by multiple
vehicles allows the source declaration to be speeded up.
The tracking of a chemical plume via multiple vehicles
is more robust as oppose to a single vehicle, whereas if
one vehicle is defective in the vehicle fleet the rest of
vehicles can continue the CPT mission.

Compared with the cooperation mode of the previ-
ous multi-robot CPT strategies (e.g., Hayes et al., 2002;
Meng et al., 2011), the main advantages of the leader–
follower strategy are addressed below. First, the track-
ing of a plume with a significant meander using a non-
leader–follower strategy may frequently activate the
Reacquire-Plume behavior to cast the lost plume.
However, the leader–follower strategy can eliminate a
number of Reacquire-Plume activities, as one of the
followers may still keep contact with the intermittent
plume when the leader loses the plume. Furthermore,
the vehicle fleet has an improved ability to maintain
contact with the intermittent plume during the vehicles’
role switch as they maneuver ‘‘in the intermittent
plume’’ in different directions. The two simulation
examples compare the plume-tracing trajectory created
by the leader–follower strategy shown in Figure 8a andT
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Figure 7. Trajectories generated by the leader vehicles during
Find-Plume, Maintain-Plume, and Reacquire-Plume activities. Each
segment of the trajectories shows a short distance to its target
defined during the test run.
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the one by the non-leader–follower strategy shown in
Figure 8b. Clearly, the leader–follower strategy con-
trols the vehicle fleet to travel a short distance to reach
the source location. The coordination mechanisms of
the non-leader–follower strategy evaluated in this
study is comparable with those of the multi-robot CPT
strategies (e.g., Hayes et al., 2002). Second, the leader–
follower strategy also improves the source identi-
fication performance, whereas the multi-robot CPT
strategies (e.g. Hayes et al., 2002; Marques et al., 2002)
do not address this issue. Finally, the proposed strategy
is evaluated by considering the vehicle dynamics, which
significantly affects CPT performance.

For tracing a plume via multiple AUVs, there always
exists a trade-off of determining AUVs number between
the system cost and CPT performance. This study sug-
gests that it would be enough to use three vehicles to
trace a plume of the Rhodamine dyes developed in a
turbulent, near-shore, oceanic fluid flow, which was
used for in-water test runs, as shown in Figures 9a and
9b. Considering the AUV turning radius, we control
distances of followers to the leader between 10 and
20 m to cover the Rhodamine dye plume with a width
in the order of tens of meters. Adding any new vehicles
into the multi-vehicles system requires that just the fol-
lowing distances of the new followers to the leader need
to determine. Because the communication between
AUVs is still a bottleneck for application of AUVs in
ocean environments, we assume that communication
between AUVs is available for developing the new algo-
rithm. The algorithm suggests that the leader negotiates
with the followers in a distributed way. Each individual
vehicle behaves as a single independent moth-vehicle to

trace the chemical plume when the communication link
between the vehicles is broken.

This paper focuses on simulation evaluation on the
proposed strategy. Differently from plume-tracing tests
via mobile robots in environments with scales of a few
meters, the proposed plume-tracing strategies, which
are evaluated by using the simulated plume in an opera-
tional area with a large scale (over 100 m), address not
only patchy odor concentrations but also significant
plume meander. The significant plume meander is
yielded when the plume is transported over a significant
distance from its source location. The significant plume
meander often causes a vehicle to lose contact with the
plume because the instantaneous fluid flow direction
within the plume with the significant meander is not
always aligned with the plume’s long axis because of
the time lag of forming the plume. Our field tests were
done by a direct transition from the simulated environ-
ment to the near-shore ocean environments.

The successful in-water test runs of tracing the
Rhodamine dye plumes via a moth-inspired vehicle
(Li et al., 2006; Farrell et al., 2005; Kang et al., 2011;
Tian et al., 2011) support our design procedure, i.e., the
moth-inspired CPT algorithms evaluated in the simu-
lated environment are effective for tracing the
Rhodamine dye plumes, as shown in Figures 9a and
9b, which were developed in the ocean environments at
the San Clemente Island of California and at Dalian
Bay in China, respectively. The width range of both
plumes is about tens of meters.

Our further research will be to expand CPT missions
via multiple vehicles from two dimensions to three
dimensions. In particular for locating deep-sea

Figure 8. Comparison studies on plume tracing using the leader–follower and non-leader–follower strategies.
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hydrothermal vents, we need to systemically evaluate
the tracking of hydrothermal plumes with both buoy-
ant and non-buoyant features.

Acknowledgements

The authors express their thanks to Professor Feng, Professor
Li, and Dr Xu at the State Key Laboratory of Robotics at
Shenyang Institute of Automation for their support in con-
ducting this research. We also appreciate the suggestions of
the reviewers, which have greatly improved the article.

Funding

The work of this paper is in part supported by the Chinese
National 863 Plan Program under grant 2007AA09Z207,
National Natural Science foundation under grants 61075085
and 41106085, and State Key Laboratory of Robotics at
Shenyang Institute of Automation under grant 2009-Z03.

References

Basil, J., & Atema, J. (1994). Lobster orientation in turbulent

odor plumes: Simultaneous measurements of tracking

behavior and temporal odor patterns. Biological Bulletin,
187, 272–273.

Belanger, J. H., & Willis M. A. (1998). Adaptive control of

chemical-guided location: Behavioral flexibility as an anti-

dote to environmental unpredictability. Adaptive Behavior,
4, 217–253.
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Li W., Farrell J. A., & Cardé R. T. (2001). Tracking of fluid-
advected chemical plumes: Strategies inspired by insect
orientation to pheromone. Adaptive Behavior, 9, 143–170.

Li W., Farrell J. A., Pang S., & Arrieta R. M. (2006). Moth-
inspired chemical plume tracing on an autonomous under-
water vehicle. IEEE Transactions on Robotics, 22, 292–307.

Liao Q., & Cowen E. A. (2002). The information content of a
scalar plume – A plume tracing perspective. Environ Fluid

Mechanics 2, 9–34.
Lilienthal A. J., Ulmer H., Froehlich H., Werner F., & Zell

A. (2004). Learning to detect proximity to a gas with
mobile robot. Proceedings of IEEE Conference on Intelli-

gent Robots and Systems (pp. 1444–1449).
Marques L., Nunes U., & Almeida A. T. de. (2002). Olfac-

tion-based mobile robot navigation. Thin Solid Films.,418,
51–58.

Meng Q. H., Yang W. X., Wang Y., and Zeng M. (2011). Col-
lective odor source estimation and search in time-variant
airflow environments using mobile robots. Sensors, 11,
10415–10443.

Russell R. A. (2001). Tracking chemical plumes in constrained

environments. Robotica, 19, 451–458.
Sutton J., & Li W. (2008). Development of CPT_M3D for

multiple chemical plume tracing and source identification.

Seventh International Conference on Machine Learning and

Applications (pp. 470–475).
Tian Y., Li W., Zhang A. Q, & Yu J. C. (2011). Behavior-

based control of an autonomous underwater vehicle for

adaptive plume mapping. The 2nd International Conference

on Intelligent Control and Information Processing (pp. 719–

724).
Vergassola, M., Villermaux, E., & Shraiman B. I. (2007).

‘‘Infotaxis’’ as a strategy for searching without gradients.

Nature, 445, 406–409.
Weissburg M. J., Dusenbery D. B., Ishida H., Janata J., Kel-

ler T., Roberts P. J. W., & Webster D. R. (2002). A multi-

disciplinary study of spatial and temporal scales

containing information in turbulent chemical plume track-

ing. Environmental Fluid Mechanics 2, 65–94.
Weissburg, M. J., & Zimmer-Faust, R. K. (1994). Odor

plumes and how blue crabs use them in finding prey. Jour-

nal of Experimental Biology, 197, 349–375.
Zarzhitsky D., & Spears D. F. (2005). Swarm approach to

chemical source localization. Proceedings of 2005 IEEE

International Conference on Systems, Man and Cybernetics

(pp. 1435–1440).

About the Authors

Xiaodong Kang received his Ph.D. (2011) in pattern recognition and intelligent systems
from the graduate school of the Chinese Academy of Sciences. Currently he is an engineer
at Sany Heavy Industry Co., Ltd. and a postdoctoral researcher at Central South
University, China. His current research interests include: intelligent systems, robotics,
electro-hydraulic integration, and human–computer interaction. E-mail: kangxdcsu@163.
com

Wei Li received his B.S. (1982) and M.S. (1984) in electrical engineering from the Northern
Jiaotong University, Beijing, P.R. China, and a Ph.D. (1991) in electrical and computer
engineering from the University of Saarland, Germany. He was a full professor of
Computer Science and Technology, at Tsinghua University (1996–2001). Currently he is a
Professor with the Department of Computer and Electrical Engineering and Computer
Science at California State University, Bakersfield. Since 2009, Dr. Li has been appointed a
Professor at the State Key Laboratory of Robotics, Shenyang Institute of Automation,
Chinese Academy of Sciences.

Dr. Li received the 1995 National Award for Outstanding Postdoctoral Researcher in China
and the 1996 Award for Outstanding Young Researcher at Tsinghua University. He was a
Croucher Foundation Research Fellow (1996) at City University of Hong Kong and an
Alexander von Humboldt Foundation Research Fellow at the Technical University of
Braunschweig, Germany (1997–1999). From 1999 to 2001, he was a Research Scientist of the
Department of Electrical Engineering at the University of California, Riverside. His research
interests are bio-inspired intelligent systems, robotics, BCI-based control system, fuzzy logic con-
trol and neural networks, multisensor fusion and integration, and graphical simulation. Address:
Department of Computer and Electrical Engineering and Computer Science at California State
University, Bakersfield, Bakersfield, CA 93311, USA. E-mail: wli@cs.csubak.edu

142 Adaptive Behavior 20(2)

 at SEIR on August 2, 2012adb.sagepub.comDownloaded from 

http://adb.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeCorpID-Acrobat
    /AdobeCorpID-Adobe
    /AdobeCorpID-Bullet
    /AdobeCorpID-MinionBd
    /AdobeCorpID-MinionBdIt
    /AdobeCorpID-MinionRg
    /AdobeCorpID-MinionRgIt
    /AdobeCorpID-MinionSb
    /AdobeCorpID-MinionSbIt
    /AdobeCorpID-MyriadBd
    /AdobeCorpID-MyriadBdIt
    /AdobeCorpID-MyriadBdScn
    /AdobeCorpID-MyriadBdScnIt
    /AdobeCorpID-MyriadBl
    /AdobeCorpID-MyriadBlIt
    /AdobeCorpID-MyriadLt
    /AdobeCorpID-MyriadLtIt
    /AdobeCorpID-MyriadPkg
    /AdobeCorpID-MyriadRg
    /AdobeCorpID-MyriadRgIt
    /AdobeCorpID-MyriadRgScn
    /AdobeCorpID-MyriadRgScnIt
    /AdobeCorpID-MyriadSb
    /AdobeCorpID-MyriadSbIt
    /AdobeCorpID-MyriadSbScn
    /AdobeCorpID-MyriadSbScnIt
    /AdobeCorpID-PScript
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-ItalicOsF
    /Aldus-Roman
    /Aldus-RomanSC
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AssemblyLightSSK
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AuroraOpti-Condensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Book
    /Avenir-BookOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Light
    /Avenir-LightOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BaileySansITC-Bold
    /BaileySansITC-BoldItalic
    /BaileySansITC-Book
    /BaileySansITC-BookItalic
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Baskerville-Normal-Italic
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-BoldItalicOsF
    /BauerBodoni-BoldOsF
    /BauerBodoni-Italic
    /BauerBodoni-ItalicOsF
    /BauerBodoni-Roman
    /BauerBodoni-RomanSC
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /BroadwayBT-Regular
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenFace
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /Century-HandtooledBold
    /Century-HandtooledBoldItalic
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraItalic
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Cheltenham-HandtooledBdIt
    /Cheltenham-HandtooledBold
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMR10
    /CMR8
    /CMSY10
    /CMSY8
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Della-RobbiaItalicBT
    /Della-RobbiaSCaps
    /Del-NormalSmallCaps
    /Delphin-IA
    /Delphin-IIA
    /Delta-Bold
    /Delta-BoldItalic
    /Delta-Book
    /Delta-BookItalic
    /Delta-Light
    /Delta-LightItalic
    /Delta-Medium
    /Delta-MediumItalic
    /Delta-Outline
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /DomCasual
    /DomCasual-Bold
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ELANGO-IB-A03
    /ELANGO-IB-A75
    /ELANGO-IB-A99
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /ElGreco
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /EurostileLTStd-Demi
    /EurostileLTStd-DemiOblique
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Flood
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDAaOsF
    /FontanaNDAaOsF-Italic
    /FontanaNDCcOsF-Semibold
    /FontanaNDCcOsF-SemiboldIta
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Bold
    /FontanaNDEeOsF-BoldItalic
    /FontanaNDEeOsF-Light
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /ForteMT
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScrD
    /FreestyleScript
    /Freestylescript
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Futura-Thin
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond-Antiqua
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Halbfett
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-BookNarrow
    /GaramondITCbyBT-BookNarrowItal
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /GaramondThreeSMSIISpl-Italic
    /GaramondThreeSMSitalicSpl-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Black
    /GoudySans-BlackItalic
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySans-Book
    /GoudySans-BookItalic
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HelvExtCompressed
    /HelvLight
    /HelvUltCompressed
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ExtraBlackB
    /Humanist777BT-ExtraBlackCondB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightCondensedB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /Iglesia-Light
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Light
    /Imago-LightItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JAKEOpti-Regular
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-Italic
    /JansonText-Roman
    /JansonText-RomanSC
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Juniper
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /KeplMM-Or2
    /KisBT-Italic
    /KisBT-Roman
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Linotext
    /Lithos-Black
    /LithosBold
    /Lithos-Bold
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaHandwritingItalic
    /LucidaMath-Symbol
    /LucidaSansTypewriter
    /LucidaSansTypewriter-Bd
    /LucidaSansTypewriter-BdObl
    /LucidaSansTypewriter-Obl
    /LucidaTypewriter
    /LucidaTypewriter-Bold
    /LucidaTypewriter-BoldObl
    /LucidaTypewriter-Obl
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Machine
    /Machine-Bold
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatrixScriptBold
    /MatrixScriptBoldLin
    /MatrixScriptBook
    /MatrixScriptBookLin
    /MatrixScriptRegular
    /MatrixScriptRegularLin
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MrsEavesAllPetiteCaps
    /MrsEavesAllSmallCaps
    /MrsEavesBold
    /MrsEavesFractions
    /MrsEavesItalic
    /MrsEavesPetiteCaps
    /MrsEavesRoman
    /MrsEavesRomanLining
    /MrsEavesSmallCaps
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadMM
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
    /NeuzeitS-BookHeavy
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewBaskerville-Roman
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /New-Symbol
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OceanSansMM
    /OceanSansMM-It
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Oblique
    /OSPIRE-Plain
    /OttaIA
    /Otta-wa
    /Ottawa-BoldA
    /OttawaPSMT
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Parisian
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /PhotinaMT-UltraBold
    /PhotinaMT-UltraBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Poetica-ChanceryI
    /Poetica-SuppLowercaseEndI
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /ProseAntique-Bold
    /ProseAntique-Normal
    /QuaySansEF-Black
    /QuaySansEF-BlackItalic
    /QuaySansEF-Book
    /QuaySansEF-BookItalic
    /QuaySansEF-Medium
    /QuaySansEF-MediumItalic
    /Quorum-Black
    /Quorum-Bold
    /Quorum-Book
    /Quorum-Light
    /Quorum-Medium
    /Raleigh
    /Raleigh-Bold
    /Raleigh-DemiBold
    /Raleigh-Medium
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /RMTMI
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /RotisSansSerif
    /RotisSansSerif-Bold
    /RotisSansSerif-ExtraBold
    /RotisSansSerif-Italic
    /RotisSansSerif-Light
    /RotisSansSerif-LightItalic
    /RotisSemiSans
    /RotisSemiSans-Bold
    /RotisSemiSans-ExtraBold
    /RotisSemiSans-Italic
    /RotisSemiSans-Light
    /RotisSemiSans-LightItalic
    /RotisSemiSerif
    /RotisSemiSerif-Bold
    /RotisSerif
    /RotisSerif-Bold
    /RotisSerif-Italic
    /RunicMT-Condensed
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-Italic
    /Sabon-Roman
    /SackersGothicLight
    /SackersGothicLightAlt
    /SackersItalianScript
    /SackersItalianScriptAlt
    /Sam
    /Sanvito-Light
    /SanvitoMM
    /Sanvito-Roman
    /Semitica
    /Semitica-Italic
    /SIVAMATH
    /Siva-Special
    /SMS-SPELA
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /SpecialAA
    /Special-Gali
    /Sp-Sym
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Italic
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss921BT-RegularA
    /Symbol
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Tekton
    /Times-Bold
    /Times-BoldA
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /Times-NewRoman
    /Times-NewRomanBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Times-special
    /TimesTenGreekP-Upright
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trajan-Regular
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-Light
    /Univers-LightOblique
    /UniversLTStd-Black
    /UniversLTStd-BlackObl
    /Univers-Oblique
    /Utopia-Black
    /Utopia-BlackOsF
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-Italic
    /Utopia-Ornaments
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Viva-BoldExtraExtended
    /Viva-Regular
    /Weidemann-Black
    /Weidemann-BlackItalic
    /Weidemann-Bold
    /Weidemann-BoldItalic
    /Weidemann-Book
    /Weidemann-BookItalic
    /Weidemann-Medium
    /Weidemann-MediumItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings for creating PDF files for submission to The Sheridan Press. These settings configured for Acrobat v6.0 08/06/03.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


