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Abstract—Developing traffic signal control methods is considered 
as the most important way to improve the traffic efficiency of 
modern roundabouts. This paper applies a traffic signal 
controller with two fuzzy layers for signalizing roundabouts. The 
outer layer of the controller computes urgency degrees of all the 
phase subsets and then activates the most urgent subset. This 
mechanism helps to instantly respond to the current traffic 
condition of the roundabout so as to improve real-timeness. The 
inner layer computes extension time of the current phase and 
decides whether to turn to the next phase in the running phase 
subset. As the phase sequences are well-designed, the inner layer 
smoothes the traffic flows which helps to avoid traffic jam. An 
offline particle swarm optimization (PSO) algorithm is developed 
to optimize the membership functions adopted in the proposed 
controller. In this way, the membership functions in the 
controller are no longer given by human experience, but 
provided by the intelligent algorithm. Simulation results 
demonstrate that the proposed controller outperforms previous 
traffic signal controllers in terms of improving traffic efficiency 
of modern roundabouts. 

Keywords-fuzzy logic, membership function, particle swarm 
optimization (PSO), roundabout, traffic control. 

I.  INTRODUCTION 
With the rapid development of automobile industry and the 

increase in urban population, traffic congestion is becoming a 
critical problem in large urban cities all around the world. As 
existing traffic facilities can hardly be extended due to the cost 
and environmental issues, traffic engineers are paying more 
attention on developing traffic signal control methods to better 
use the available facilities so as to provide better service and 
prevent congestion.  

With the spread of inexpensive sensors and communication 
devices, real-time traffic data can be easily accessed. In recent 
years, researchers have made great efforts to develop real-time 
traffic signal controllers [1]-[10]. The vehicle actuated method 
[1] was the first real-time traffic controller. It decided whether 
to extend the current phase according to whether there were 
vehicles detected in real time. The method was simple, and it 
was effective when the traffic condition was not heavy. For 
further study, real-time traffic control based on fuzzy logic has 
become a very hot research field [2]-[8], because it has been 

known that fuzzy logic is well suited to control complex 
systems with uncertainties and human perception. Basically, 
according to the control mechanisms, there were two types of 
fuzzy traffic signal controllers in use. The first type outputs an 
extension time of the current green phase [2]-[4]. If the 
extension time was bigger than a predefined threshold value, 
the current green phase would last another period of time. 
Otherwise, it would turn to the next phase in the phase circle. 
We term this fuzzy control method as FUZZY-TURN. The 
other type output the urgency degrees of all the phases at set 
intervals [5]-[7]. The phase would jump to the phase which was 
in the most urgent by the end of each interval. This fuzzy 
control method can be termed FUZZY-JUMP. The work in [8] 
is a developed FUZZY-JUMP controller. The controller 
activates the most urgent phase, but applies an additional stage 
to calculate the last time for the activated phase. 

As the FUZZY-TURN controller uses well-designed phase 
sequences that only permit consistent adjacent phases, it is not 
easy to cause traffic jams. But the use of preset phase 
sequences may lower the real-timeness of the controller. On the 
other side, FUZZY-JUMP is capable of frequently changing its 
phase sequences and therefore has better real-timeness than 
FUZZY-TURN. However, the FUZZY-JUMP controller 
enables inconsistent traffic flows of adjacent phases exist 
simultaneously and is more likely to cause traffic jams. 
Moreover, frequently changing sequence of phases may 
confuse the drivers and lead to traffic accidents. 

In our preliminary work [11], a mixed fuzzy traffic control 
mechanism termed FUZZY-MIX is proposed. In the FUZZY-
MIX controller, the phase set is divided into several phase 
subsets according to the directions. The FUZZY-MIX has two 
layers of fuzzy controllers. The outer layer computes the 
urgency degrees of different phase subsets and determines the 
next running subset, while the inner layer computes the 
extension time of the green phase and determines whether to 
turn to the next phase in the running phase subset. By this way, 
the FUZZY-MIX technique is a combination of FUZZY-JUMP 
and FUZZY-TURN methods. The FUZZY-MIX controller 
incorporates the advantages of FUZZY-TURN and FUZZY-
JUMP with the outer layer to improve real-timeness and the 
inner layer to reduce the risk of traffic jam and improve traffic 
safety. 

But in a fuzzy controller, the traditional use of membership 
functions given by human preference cannot guarantee the 
optimal performance of the controller [2][7][8]. The 
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evolutionary computation (EC) and swarm intelligence (SI) 
technique is developing very fast recently [12]-[14]. In order to 
further improve the performance of FUZZY-MIX, this paper 
develops particle swarm optimization (PSO) to optimize the 
membership functions adopted in the controller. The PSO 
algorithm was firstly introduced by Kennedy and Eberhart in 
1995 [15][16]. The algorithm simulates the swarm behaviors of 
bird flocking or fish schooling and is very easy to implement. 
In recent years the algorithm has been successfully applied on 
various problems and demonstrated to have high operating 
efficiency [17]-[20]. PSO is suitable for solving optimization 
problems, especially continuous optimization problems. In this 
paper, the PSO algorithm is applied to optimize the shapes of 
the 11 membership functions used in FUZZY-MIX (six for 
input variables and five for output variables). In this way, a 
novel PSO-based optimal fuzzy controller for modern 
roundabouts termed FUZZY-MIX-OPT is developed. In the 
proposed FUZZY-MIX-OPT controller, the shapes of 
membership functions are no longer given by human 
preference, but optimized by the intelligent algorithm 
inartificially. 

In the experiment, a common roundabout with two 
circulatory lanes and four approaches is simulated, and 16 
traffic conditions including eight steady conditions and eight 
time-varying conditions are tested. We implement five real-
time controllers including the vehicle actuated method termed 
VA [1], the FUZZY-TURN method [2]-[4], the FUZZY-JUMP 
method [5]-[7], the FUZZY-MIX controller [11], and the 
proposed FUZZY-MIX-OPT controller on the roundabout. 
Simulation results and comparisons show that the FUZZY-
MIX controller outperforms the previous traffic controllers VA, 
FUZZY-TURN, and FUZZY-JUMP. In addition, by using the 
PSO algorithm to optimize the membership functions of 
FUZZY-MIX, the PSO-based FUZZY-MIX-OPT controller 
further improves the performance of FUZZY-MIX and 
provides a very effective and efficient traffic signal control tool 
for the roundabout.  

The rest of this paper is organized as follows. Section II 
introduces the geometric design and phase composing of the 
roundabout. Section III describes the methods of fuzzy traffic 
controllers. In Section IV, the PSO algorithm is applied on 
optimizing the membership functions of the fuzzy traffic 
controller. In Section V, simulations are conducted and 
comparisons of five traffic controllers for the roundabout are 
made. At last, a conclusion is drawn in Section VI. 

II. ROUNDABOUT MODEL 

A. Geometric Design 
The geometric design of a commonly employed modern 

roundabout is illustrated in Fig. 1. The roundabout is composed 
of four approaches numbered 0, 1, 2, and 3. For each approach, 
there are three entrance lanes. From left to right, the three 
entrance lanes only permit the left-turn vehicle flow, the go-
through vehicle flow, and the right-turn vehicle flow, 
respectively. Stop lines are placed before the left-turn and go-
through entrance lanes. For a signalized roundabout, the traffic 
signal controls the movement of vehicles behind the stop lines. 
The right-turn traffic flows are free from the traffic signal 

because they can turn right directly without entering the 
circulatory lanes of the roundabout. The roundabout contains 
two circulatory lanes. The inner one is used for left-turn 
movements, while the outer one is occupied by go-through 
vehicles and the left-turn vehicles which are about to enter or 
left the inner lane.   

B. Traffic Signal 
As described in Subsection A, there are totally eight traffic 

flows consist of the left-turn and go-through flows of the four 
approaches under the control of traffic signal. Six possible 
phases for the eight traffic flows are illustrated in Fig. 2, which 
are described as follows. 

Phase 0: the go-through traffic flows on approaches 0 and 
2 are activated, whereas the other traffic flows are stopped. 

Phase 1: only the left-turn traffic flows on approaches 0 
and 2 are activated. 

Phase 2: all the traffic flows on approaches 0 and 2 get 
green time. 

Phase 3: green time for approaches 0 and 2 ends. The go-
through traffic flows on approaches 1 and 3 are activated. 

Phase 4: the left-turn flows on approaches 1 and 3 start to 
move whereas the other flows are stopped. 
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Figure 1.  Illustration of the roundabout. 

 

 
Figure 2.  Phase set of an ordinary four-approach roundabout.  
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Phase 5: green time for all the traffic flows on approaches 
1 and 3. 

The phase set can be divided into two subsets. Phases 0, 1, 
and 2 belong to subset I which permit the north-south traffic 
flows and stop the west-east traffic flows. Phases 3, 4, and 5 do 
just the opposite and belong to subset II. 

As shown in Fig. 3, a phase circle is a cycle of the phase 
sequences. It is well-designed, only permitting consistent 
traffic flows in adjacent phase sequences to avoid traffic jam. 
Traditional traffic signal timing is to determine how long each 
phase involved in the circle should last. The fixed-time control 
methods use fixed durations for the phases, whereas the real-
time control methods use time-varying durations for the phases. 
However, using preset phase sequences may lower the real-
time response of the system. Thus, instead of using the phase 
circle, some state-of-the-art real-time signal controllers always 
jump to the phase which is in the most urgent so as to improve 
the real-timeness. However, as this mechanism may lead to 
occurrences of inconsistent traffic flows in adjacent phases 
(e.g. if the system jumps instantly from phase 0 to phase 5), the 
system is vulnerable to traffic jam. Employing an all-red time 
between phase switching so as to clear the vehicles in the 
roundabout can help to reduce the risk of traffic jam [21][22]. 
But frequently inserting all-red time induces additional time 
cost and reduces the traffic capacity of the roundabout during a 
time period.  

III. FUZZY TRAFFIC CONTROLLER 
An illustration of using a fuzzy traffic controller (FTC) to 

signalize a roundabout is shown in Fig. 4. Inputting the current 
traffic condition, the FTC outputs the selected active phase to 
the traffic signal module. According to the selected phase, the 
signal of each approach permits a portion of vehicles behind 
the stop lines to enter the circulatory lanes. Then the traffic 
condition of the roundabout changes and the FTC generates 
the newly selected active phase accordingly. 

In our preliminary work [11], we have developed a two-
layer FTC hybridizing FUZZY-TURN and FUZZY-JUMP, 
which is termed FUZZY-MIX. In this section, brief 
descriptions of the FUZZY-TURN, FUZZY-JUMP, and 
FUZZY-MIX controllers are presented. All the three 
controllers receive same input variables including queue 
length (QL) and waiting time (WT) which reflect the current 

traffic condition. The control mechanisms of the three 
controllers differ with respect to their output variables, which 
are described as follows. 

FUZZY-TURN: by the end of each phase, the FUZZY-
TURN generates an extension time (ET) of the current phase 
according to the traffic condition of the roundabout. If ET is 
larger than a predefined threshold value (Φ time units), the 
green phase lasts for another ET period of time. Otherwise, the 
current green phase is terminated and the next phase in the 
phase circle (shown in Fig. 3) is activated and allocated with 
an initial duration (Θ time units). 

FUZZY-JUMP: at set intervals (Δ time units), the 
urgency degree (UD) of each phase is computed. Then the 
signal module jumps to the phase with largest UD. Obviously, 
if the current green phase has the largest UD, it lasts for 
another Δ period of time; otherwise it is replaced by another 
phase. What should be pointed out is that if the adjacent 
phases are inconsistent, an all-red time (θ time units)  should 
be inserted between the two phases to avoid traffic jam. 

FUZZY-MIX: the phase set is divided into two subsets as 
presented in Section II-B. The FUZZY-MIX controller 
consists of two fuzzy layers. The outer layer is a coarser-
grained form of the FUZZY-JUMP controller. By the end of 
each phase, this layer computes UD of the two subsets.  

1) If UD of the current running subset is larger than that of 
the other subset, the controller performs the inner layer. The 
inner layer is similar to the FUZZY-TURN controller, which 
outputs ET of the current phase. If ET is larger than Φ, the 
current phase is maintained. Otherwise, the inner layer 
activates the next phase in the current subset and allocates it 
with the initial duration Θ. Fig. 5 shows the phase sequences 
of the two subsets. 

2) If UD of the current running subset is smaller than that 
of the other subset, the entrance phase of the other subset is 
activated. To avoid inconsistent traffic flows existing in the 
roundabout, all-red time θ  is inserted between the phase 
conversions. It can be observed in Fig. 5 that the entrance 
phase of subset I is phase 1 whereas that of subset II the phase 
4. The two phases are with maximal number of active flows in 

 
Figure 4.  Illustration of using FTC to signalize roundabout. 

 
Figure 5.  Phase sequences of FUZZY-MIX controller.  

 
Figure 3.  Phase circle of the four-approach roundabout. 
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order to maximally relieve the traffic burden of the roundabout 
after the all-red time.  

Detailed implementations of the FUZZY-MIX FTC can be 
found in [11]. In general, each layer of FUZZY-MIX follows 
the universal procedure of fuzzy logic controllers, which 
consists of a fuzzifier, a fuzzy rule base, a fuzzy inference 
engine, and a defuzzifier. The fuzzifier receives crisp input 
values and applies membership functions of the input variables 
to generate linguistic values with membership grades. Then, the 
fuzzy inference engine receives the linguistic values and infers 
the linguistic outputs according to related rules in the fuzzy rule 
base. At last, the defuzzifier is executed to convert linguistic 
outputs with membership grades into a single crisp output 
value.  

IV. PSO-BASED FUZZY TRAFFIC CONTROLLER 
In industrial applications of fuzzy logic controller, the 

shapes of membership functions are always chosen by human 
arbitrarily. It is based on engineers’ experience, and cannot 
guarantee to provide optimal control for the corresponding 
system. In this paper, to further improve the performance of the 
FUZZY-MIX controller, a PSO algorithm is adopted to 
optimize the shapes of the membership functions. The FUZZY-
MIX controller with optimal membership functions trained by 
PSO is then termed FUZZY-MIX-OPT. This Section describes 
the implantations of applying PSO algorithm for optimizing the 
membership functions of FUZZY-MIX-OPT. 

A. Methodology 
PSO algorithm stimulates the foraging behavior of birds or 

fishes, in which a group of particles are randomly scattered in 
the problem space and search for the optimal point 
simultaneously. In PSO algorithm, a particle swarm composed 
of M particles is maintained. Each particle is associated with a 
position vector 1 2[ , ,..., ]N

i i i ix x x=X , a velocity vector 
1 2[ , ,..., ]N

i i i iv v v=V , and a fitness value Fiti (where N is the 
dimensionality of the search space and 1,2,...,i M= ). The 
position vector Xi stands for a candidate solution of the 
optimization problem, and is evaluated to obtain the fitness 
value of a particle. Each particle maintains a previous best 
position vector 1 2[ , ,..., ]N

i i i ipBest pBest pBest=pBest  as its 
search experience. Meanwhile, the global best position found 
by the whole swarm during the search process is recorded as 

1 2[ , ,..., ]NgBest gBest gBest=gBest . Then, particle i adjusts 
its flying velocity based on pBesti (self-cognitive) and gBest 
(social-cognitive), and accordingly updates its position vector. 
In this way, the particles tend to fly towards better and better 
domain. Eventually, the particle swarm is likely to converge to 
the optimal position of the problem space. PSO is capable of 
exploring and exploiting some large, complex, and initially 
unknown problem spaces, which traditional algorithms 
(enumerative, heuristic, etc.) can hardly deal with. The 
algorithm is suitable to optimize the membership functions of 
the fuzzy traffic controller. 

The procedure of the PSO algorithm for optimizing 
membership functions of FUZZY-MIX-OPT is very simple as 

shown in Fig. 7. In the initialization, the position and velocity 
vectors of the M particles are randomly generated. The fitness 
values of the particles are evaluated according to (1). The 

ipBest  of particle i is set with its initial position vector iX , 
and then the gBest  is set with the currently best ipBest .  

In each iteration of the algorithm, the particles in the 
swarm interact with each other and collaborate to search the 
problem space. The update of position and velocity for particle 
i is defined as 

1 1

2 2

( )
      ( )

i i i i

i

c
c

ω= + ⊗ −
+ ⊗ −

V V rand pBest X
rand gBest X

 ,                (2) 

i i i= +X X V ,                                    (3) 
where ω is the inertia weight; c1 and c2 are acceleration 
coefficients which determine the relative weights of self-
cognitive and social-influence; rand1 and rand2 are two 
random vectors uniformly distributed over [0, 1]N; ⊗ is 
component-wise multiplication.  

Then, the positions of all the particles are evaluated. If the 
new position of particle i is better than its previous best 
position, pBesti is replaced by Xi. Furthermore, if a new global 
best-so-far position is discovered, the gBest is accordingly 
updated. After a few iterations, the particle swarm converges, 
and an optimal or near-optimal solution of the problem is 

TABLE I.  SIXTEEN TRAFFIC CONDITIONS 

Condition Arrival Rate (vehicle/unit) 
0-L 1-L 2-L 3-L 0-S 1-S 2-S 3-S 

Steady

C1 0.102 0.097 0.092 0.123 0.118 0.108 0.108 0.125 
C2 0.156 0.099 0.143 0.102 0.176 0.111 0.180 0.108 
C3 0.067 0.074 0.068 0.068 0.178 0.149 0.158 0.169 
C4 0.057 0.111 0.069 0.121 0.154 0.199 0.142 0.212 
C5 0.178 0.165 0.189 0.215 0.199 0.212 0.203 0.222 
C6 0.181 0.121 0.243 0.132 0.209 0.131 0.255 0.143 
C7 0.132 0.114 0.117 0.108 0.251 0.232 0.223 0.209 
C8 0.101 0.188 0.098 0.200 0.198 0.287 0.216 0.320 

Time-
varyin

g 

C9 
0.089 0.102 0.103 0.077 0.112 0.108 0.131 0.105
↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

0.178 0.177 0.190 0.168 0.198 0.189 0.179 0.170

C10
0.057 0.066 0.072 0.072 0.080 0.066 0.073 0.081
↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

0.224 0.232 0.189 0.250 0.200 0.240 0.232 0.255

C11
0.156 0.078 0.123 0.050 0.158 0.089 0.149 0.101
↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

0.223 0.182 0.189 0.132 0.240 0.194 0.278 0.201

C12
0.101 0.058 0.097 0.034 0.125 0.077 0.102 0.073
↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

0.242 0.179 0.199 0.155 0.252 0.177 0.280 0.156

C13
0.101 0.097 0.108 0.099 0.159 0.188 0.180 0.176
↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

0.158 0.135 0.138 0.160 0.277 0.256 0.280 0.310

C14
0.057 0.077 0.079 0.100 0.140 0.161 0.151 0.130
↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

0.158 0.170 0.120 0.155 0.300 0.341 0.400 0.299

C15
0.055 0.089 0.048 0.100 0.121 0.189 0.148 0.210
↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

0.101 0.151 0.078 0.162 0.178 0.298 0.210 0.250

C16
0.055 0.102 0.077 0.134 0.160 0.205 0.144 0.245
↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

0.158 0.189 0.176 0.188 0.298 0.315 0.298 0.341
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obtained. The PSO algorithm is always defined with a maximal 
number of iterations G, by which the algorithm will be 
terminated. 

B. Representation 
In order to use PSO algorithm for optimizing the 

membership functions in FUZZY-MIX-OPT, we should 
define the representation of particle’s position and the search 
space. Each particle’s position should indicate a candidate 
solution of the problem, i.e., the shapes of all the membership 
functions adopted in FUZZY-MIX-OPT.  

As described in [11], there are totally 11 membership 
functions in the FUZZY-MIX controller (three for QL, three 
for WT, two for ET, and three for UD.). All the membership 
functions are triangular or trapezoidal functions, which are 
commonly used in fuzzy logic controllers. Moreover, a 
triangular function can be regarded as a special trapezoidal 
function (the length of upper line is 0). Therefore, only 
trapezoidal function is concerned in the optimization.  

As shown in Fig. 6, each membership function in FUZZY-
MIX-OPT can be represented by a triple <Ui, Li, Ci>, where Ui 
and Li stand for the length of upper line and lower line 
respectively, and Ci is the coordinate of the middle point of the 
parallel sides. It should be noticed that each membership 
function is regarded as an isosceles trapezoid in order to 
reduce the search space of the PSO algorithm. Moreover, in 
each trapezoidal function there exists a constraint that Ui 
should be no larger than Li. We can eliminate this constraint 
by introducing a variable Di = Li－Ui and representing each 
trapezoidal function as <Ui, Di, Ci>. In the representation of 
PSO algorithm, each candidate solution (particle’s position) is 
in a form of 1 1 1 2 2 2 11 11 11[ ]U D C U D C U D C… , which indicates 
the shapes of the 11 membership functions in the FTC. 
Consequently, the dimensionality of the search space of the 
PSO algorithm is 33. In addition, the ranges of all the 
variables are presented as follows, 

0 10,  0 10,  0 20 ( 1, 2,3)i i iU D C i≤ ≤ ≤ ≤ ≤ ≤ = , 
0 50,  0 50,  0 100 ( 4,5,6)i i iU D C i≤ ≤ ≤ ≤ ≤ ≤ = , 
0 7.5,  0 7.5,  0 15 ( 7,8)i i iU D C i≤ ≤ ≤ ≤ ≤ ≤ = , 

0 0.5,  0 0.5,  0 1 ( 9,10,11)i i iU D C i≤ ≤ ≤ ≤ ≤ ≤ = . 

C. Evaluation 
In the literature, the fitness value of each particle is 

commonly evaluated by a mathematical function (called 

fitness function) defined according to the objective of the 
problem. However, it is hard to define a mathematical fitness 
function for a traffic signal control system. Therefore, in this 
paper we perform simulations and evaluate each particle’s 
position by the performance measure during the simulation.  

In the algorithm, Fiti of particle i is determined by 

1 2( )iFit w vehMiss vehPass w vehDelay= × + ×          (1) 
where vehMiss vehPass  is the ratio of the number of 
undetected vehicles (vehMiss) to the number of passing 
vehicles (vehPass) during the simulation; vehDelay stands for 
the average delay time of vehicles; w1 and w2 are the 
corresponding weights for vehMiss vehPass  and vehDelay. 
Details of the simulation will be described in Section V. 

V. SIMULATION RESULTS AND COMPARISONS 
In the experiment, the performance of different controllers 

is compared by simulations conducted on the roundabout with 
two circulatory lanes and four approaches. In order to 
comprehensively investigate the performance of these 
controllers for signalizing the roundabout, we generate 16 
traffic conditions for the roundabout, each of which has its own 
characteristics. Then, five real-time traffic controllers including 
the vehicle actuated method (VA) [1], the FUZZY-TURN 
controller, the FUZZY-JUMP controller, the FUZZY-MIX 
controller, and the FUZZY-MIX-OPT controller are applied. In 
this Section, we first describe the simulation environment and 
parameters, and then present the simulation results and 
comparisons. 

A. Simulation Environment and Parameters 
We simulate the roundabout described in Section II with 

Visual C++. The program is running on a machine with Intel 
Pentium Dual CPU, 1.99 GHz/500 MB of RAM. Table I 
shows the vehicle arrivals (subject to Poisson distribution [8]) 
on different lanes of the 16 traffic conditions, where 0-L 
stands for the left-turn vehicle arrival rate on approach 0, 1-S 
represents the go-through vehicle arrival rate on approach 1, 
and so forth. For the time-varying conditions C9-C16, the 
vehicle arrival rate of each lane starts with an initial value and 

 
Figure 7. Flowchart of PSO algorithm.  

M
em

be
rs

hi
p 

G
ra

de

 
Figure 6.  Representation of a trapezoidal function. 
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gradually increases to the final value. The differences among 
the 16 traffic conditions are presented as follows. 

1. The flow rates of C1-C8 are steady whereas those of 
C9-C16 are time-varying. 

2. In C1, C3, …, C15, the differences between the 
north-south flow rates (the arrival rates of vehicles from 
approaches 0 and 2) and the west-east flow rates (the arrival 
rates of vehicles from approaches 1 and 3) are inconspicuous. 
In contrast, in C2, C4, …, C16, those differences are 
conspicuous. 

3. In C1, C2, C5, C6, C9, C10, C13, and C14, the left-
turn flow rate and go-through flow rate of a same approach are 
similar. In contrast, the left-turn and go-through flow rates of a 
same approach differ a lot in the other conditions. 

4. Among the steady traffic conditions, C1-C4 are light 
conditions the vehicle arrival rates of which are relatively low, 
whereas C5-C8 are heavy conditions which have much higher 
vehicle arrival rates than C1-C4. 

5. Among the time-varying conditions, the range of the 
flow rate in C13-C16 is larger than that in C9-C12. 

It is assumed that the detectors are installed at a certain 
distance to the roundabout, and the maximal number of 
detectable queuing vehicles of each entrance lane is equal to 
20. If the queue length of an entrance lane exceeds 20, the 
newly arrived vehicle on this lane will be regarded as an 
undetected vehicle. We always expect to reduce the length of 
waiting-vehicle queue and the number of undetected vehicles 
(vehMiss). Moreover, the undetected vehicles lead to 
occurrence of detecting error which would do harm to the 
performance of the fuzzy controller. Therefore, when using 
PSO algorithm to optimize the membership functions of 
FUZZY-MIX-OPT, minimizing the vehMiss should be 
concerned. Due to the random factors in the simulation, 

minimizing the ratio of vehMiss to vehPass is used as the first 
objective of PSO, which is shown in equation (1). Moreover, 
as a common performance index of traffic signal control, the 
average delay time of vehicles is used as the second objective 
of PSO. In the experiment, we set w1 and w2 of equation (1) as 
w1=1 and w2=10-8 so as to make minimizing the 
vehMiss/vehPass in preference to minimizing the vehDelay. 

Besides, in the PSO algorithm, the population size M is set 
as 20; the dimensionality N is 33; the maximal number of 
iterations G is set as 1,000; ω is initialized as 0.9 [23] and 
linearly decreased to 0.4 during the search process; 
acceleration coefficients are set as that c1 = c2 = 2.0. 

Each simulation lasts 100,000 time units. In the 
controllers, the initial duration Θ for each phase is set as 10, 
the threshold value Φ for extending the green phase is set as 5, 
the interval time Δ for recomputing UD is set as 10, and the 
length θ of all-red time is set as 5. The membership functions 
of FUZZY-TURN, FUZZY-JUMP, and FUZZY-MIX are set 
to be the same in [11] by human perception, whereas those of 
FUZZY-MIX-OPT are set according to the optimization 
results of the PSO algorithm. 

B. Results Comparisons on Number of Undetected Vehicles 
As an index of performance, the number of undetected 

vehicles during the simulation is shown in Table II. Vehicle 
actuated method has good performance in light and steady 
conditions C1-C4, but is inferior to the other four controllers 
in controlling conditions C5-C16. This is because the VA 
method adjusts the signal just according to whether there is at 
least one vehicle has been detected in the last time period. It 
employs little information of the roundabout and is thus 
limited in controlling heavy and complex traffic conditions. 
FUZZY-TURN and FUZZY-JUMP do better than VA. In 
addition, in the comparison of these two controllers, it can be 

TABLE III.  AVERAGE VEHICLE DELAY OBTAINED BY THE FIVE 
CONTROLLERS 

Cond
ition 

VA 
FUZZY-
TURN 

FUZZY- 
JUMP 

FUZZY-
MIX 

FUZZY-
MIX-OPT 

C1 19.990  19.944  22.813  16.204  11.477  
C2 22.009  21.546  22.619  15.572  12.314  
C3 20.881  20.076  20.703  16.371  11.638  
C4 22.588  21.239  21.015  16.068  11.911  
C5 40.185  36.966  31.220  15.813  13.752  
C6 30.952  29.010  27.002  15.546  13.430  
C7 30.573  25.506  25.187  15.422  13.242  
C8 37.262  35.551  35.225  19.164  14.230  
C9 24.413  22.165  23.891  15.719  12.432  

C10 30.037  28.255  28.205  16.410  12.973  
C11 29.345  27.005  26.234  15.438  13.014  
C12 27.457  25.347  25.532  15.703  12.659  
C13 32.079  27.376  27.709  15.673  13.270  
C14 33.356  29.278  31.894  17.527  14.528  
C15 26.098  23.382  23.014  16.276  12.535  
C16 36.276  32.705  34.017  16.763  14.347  

Mean 28.969  26.584  26.642  16.229  12.985  
 

TABLE II.  NUMBER OF UNDETECTED VEHICLES OBTAINED BY THE FIVE 
CONTROLLERS 

Cond
ition 

VA 
FUZZY- 
TURN 

FUZZY- 
JUMP 

FUZZY- 
MIX 

FUZZY-
MIX-OPT 

C1 0 0 0 0 0 
C2 0 4 1 0 0 
C3 0 0 0 0 0 
C4 7 10 1 0 0 
C5 7988 2361 825 0 0 
C6 1248 1345 751 19 0 
C7 1168 239 104 0 0 
C8 8343 5392 4603 69 0 
C9 161 5 24 0 0 
C10 3474 1250 858 8 0 
C11 1732 752 460 4 0 
C12 1242 509 409 13 0 
C13 4242 1082 856 0 0 
C14 8908 4053 4038 715 77 
C15 404 161 197 4 0 
C16 10708 4530 4508 19 3 
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observed that in controlling all the even numbered conditions, 
FUZZY-JUMP obtains less vehMiss than that obtained by 
FUZZY-TURN. As described in Subsection A, in even 
numbered conditions the differences between the north-south 
flow rates and the west-east flow rates are conspicuous. The 
FUZZY-JUMP always changes its green phase to the currently 
most urgent phase. The controller is much easier to switch the 
phase from one direction to the other direction than the 
FUZZY-TURN (which complies with predefined phase 
circle). Therefore, FUZZY-JUMP is more readily adapt to 
changing needs and circumstances and outperforms the 
FUZZY-TURN in controlling even numbered conditions. 
However, for some odd numbered conditions, the performance 
of FUZZY-TURN is better than FUZZY-JUMP. This may be 
because the FUZZY-TURN uses consistent adjacent phase 
sequences, and saves the cost of all-red time. When the 
urgency of phases between different directions is similar, the 
better real-timeness of FUZZY-JUMP is limited and the 
advantages of FUZZY-TURN emerge. But in general, 
FUZZY-JUMP obtains less vehMiss than FUZZY-TURN in 
most cases.  

As a mixture of FUZZY-TURN and FUZZY-JUMP, the 
FUZZY-MIX controller outperforms FUZZY-TURN and 
FUZZY-JUMP for all the tested conditions. The reasons are 
summarized as follows. First, the inner layer of FUZZY-MIX 
uses consistent phase sequences, which helps to smooth the 
traffic flows and reduce congestion. Second, by the use of the 
outer layer, FUZZY-MIX is capable of breaking the phase 
sequences if the other direction of the roundabout is in more 
urgent than the current direction. By this way, the proposed 
controller can immediately respond to the current need of the 
roundabout. Third, compared to FUZZY-JUMP which 

considers the urgent degrees among the phases, the FUZZY-
MIX concerns the urgent degrees among the phase subsets. 
The coarse-grained FUZZY-MIX controller does not change 
the phase sequences as frequent as the FUZZY-JUMP 
controller, and therefore induces less all-red time than the 
FUZZY-JUMP. The decrease in all-red time helps to improve 
the traffic efficiency of the roundabout. Last, when switching 
the phase from one phase subset to the other, the entrance 
phase of the subset is set as the phase which has maximum 
active flows. As the all-red time (before the entrance phase 
starts up) clears the vehicles in the circulatory lanes of the 
roundabout, the vehicles of the urgent direction can occupy the 
circulatory lanes as soon as possible. This mechanism helps to 
maximally relieve the traffic burden of the urgent direction. 

In addition, by using PSO algorithm to optimize the 
membership functions adopted in FUZZY-MIX, the FUZZY-
MIX-OPT controller further improves the performance of the 
proposed controller. These results also demonstrate that the 
traditional use of artificial membership functions does not 
provide the optimal performance of fuzzy systems. Therefore, 
using intelligent algorithms to optimize the membership 
functions of fuzzy logic controllers is promising. As shown in 
Table II, the FUZZY-MIX-OPT controller has the best 
performance among the five compared controllers. In 
controlling 14 out of the 16 tested conditions, the number of 
undetected vehicles obtained by FUZZY-MIX-OPT is 0. Only 
in controlling C14 and C16, the undetected vehicles still exist. 
This may due to that, in the two conditions, the flow rates 
increase to very big values, and the traffic volume approaches 
the capacity of the roundabout. In such cases, the PSO 
algorithm has little room to make further improvement for 
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Figure 8.  Average queue length during the simulation of condition C8. 
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Figure 9.  Average queue length during the simulation of condition C16. 
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reducing the undetected vehicles. 

C. Results Comparisons on Average Vehicle Delay 
In order to further compare the performance of the 

controllers, the average delay time of vehicles is computed, 
which is presented in Table III. The last column of Table III 
shows the mean of vehDelay among the 16 conditions. From 
Table III, it can be observed that VA has the largest vehicle 
delay, followed by FUZZY-JUMP and FUZZY-TURN. Our 
proposed FUZZY-MIX and FUZZY-MIX-OPT achieve the 
smallest delay. The mean of vehDelay obtained by FUZZY-
MIX-OPT is 12.985 time units, which is about half of the 
value obtained by VA (28.969 time units), FUZZY-TURN 
(26.584 time units), and FUZZY-JUMP (26.642 time units). 
Moreover, compared with FUZZY-MIX with artificial 
membership functions (16.229 time units), the vehicle delay 
time of FUZZY-MIX-OPT decreases 20%. Therefore, the use 
of optimal membership functions trained by the PSO 
algorithm is very effective to improve the traffic efficiency of 
the roundabout. 

In addition, the average length of the eight waiting-vehicle 
queues of the roundabout during the simulation is shown in 
Fig. 8 and Fig. 9, where steady condition C8 and time-varying 
condition C16 are taken as examples. It can be observed that 
the FUZZY-MIX-OPT controller has the shortest average 
queue length during the simulation, which further 
demonstrates the effectiveness and efficiency of the proposed 
optimal traffic signal controller.  

VI. CONCLUSION 
Traffic signal control is a crucial issue for modern 

roundabouts in recent years. Our preliminary work proposes a 
FUZZY-MIX controller which has two fuzzy layers 
hybridizing the FUZZY-TURN and FUZZY-JUMP controllers 
to signalize roundabouts. The paper focuses on applying PSO 
algorithm to optimize the membership functions of FUZZY-
MIX. Therefore, a PSO-based FUZZY-MIX-OPT controller is 
developed, which adopts optimal membership functions 
instead of the previously used manual functions. Simulations 
are done on a roundabout with four approaches and two 
circulatory lanes. Simulation results show that the proposed 
FUZZY-MIX-OPT controller is very effective and can be 
regarded as a suggested scheme for the signal control of 
modern roundabouts.  

 

REFERENCES 
[1] C. W. Doh, The principles of Transportation Engineering. Seoul, Korea: 

Chong-Mun-Kak, 1989. 
[2] J. W. Kim and B. M. Kim, “A GA-based fuzzy traffic simulation for 

crossroad management,” in Proc. 2001 IEEE Congr. Evol. Comput., vol. 
2, pp. 1289-1295. 

[3] P. G. Waingankar, U. Academy, and I. Nashik, “Fuzzy logic based 
traffic light controller,” in 2007 IEEE Int. Conf. Ind. Inform. Syst., pp. 
107-110. 

[4] E. Azimirad, N. Pariz, and M. B. N Sistani, “A novel fuzzy model and 
control of single intersection at urban traffic network,” IEEE Syst. J., 
vol. 4, no. 1, pp. 107-111, Mar. 2010. 

[5] J. H. Lee and H. Lee-Kwang, “Distributed and cooperative fuzzy 
controllers for traffic intersections group,” IEEE Trans. Syst., Man, 
Cybern. C, Appl. Rev., vol. 29, no. 2, pp. 263-271, May 1999. 

[6] M. M. M. Fahmy, “An adaptive traffic signaling for roundabout with 
four-approach intersections based on fuzzy logic,” J. Comput. Inform. 
Technol., vol. 15, no. 1, pp. 33-45, 2007. 

[7] W. Wei and M.-J. Wang, “Fuzzy-GA-based traffic signal control,” in 
Proc. 2nd Int. Conf. Mach. Learning Cybern., 2003, vol. 1, pp. 645-650. 

[8] J. Qiao, N.-D. Yang, and J. Gao, “Two-stage fuzzy logic controller for 
signalized intersection,” IEEE Trans. Syst., Man, Cybern. A, Syst., 
Humans, vol. 41, no.1, pp.178-184, Jan. 2011. 

[9] M. C. Choy, D. Srinivasan, and R. L. Cheu, “Cooperative, hybrid agent 
architecture for real-time traffic signal control,” IEEE Trans. Syst., Man, 
Cybern. A, Syst., Humans, vol. 33, no. 5, pp. 597-607, Sept. 2003. 

[10] P. G. Balaji and D. Srinivasan, “Multi-Agent System in Urban Traffic 
Signal Control,” IEEE Comput. Intell. Mag., vol. 5, no. 4, pp. 43-51, 
Nov. 2010. 

[11] Y.-J. Gong, J. Zhang, O. Liu, and Y. Li, “A novel fuzzy model for the 
traffic signal control of modern roundabouts,” in IEEE. Int. Cont. Syst. 
Man Cybern., 2011, pp. 1777 – 1782. 

[12] J. Zhang, H. S. H. Chung and W. L. Lo, “Clustering-based adaptive 
crossover and mutation probabilities for genetic algorithms”, IEEE 
Trans. Evol. Comput., vol. 11, no. 3, pp.  326-335, Jun. 2007. 

[13] J. Zhang, Z.-H. Zhan, Y. Lin, N. Chen, Y.-J. Gong, H. S. H. Chung, Y. 
Li, and Y.-H Shi, “Evolutionary computation meets machine learning: a 
survey,” IEEE Comput. Intell. Mag., vol. 6, no. 4, pp.68-75, Nov. 2011. 

[14] W.-N. Chen and J. Zhang, “Ant colony optimization approach to grid 
workflow scheduling problem with various QoS requirements”, IEEE 
Trans. Syst. Man Cybern. C, Appl. Rev., vol. 31, no. 1, pp. 29-43, Jan 
2009. 

[15] J. Kennedy and R. Eberhart, “Particle swarm optimization,” in IEEE Int. 
Conf. Neural Netw., 1995, vol. 4, pp. 1942-1948. 

[16] R. C. Eberhart and J. Kennedy, “A new optimizer using particle swarm 
theory,” in Proc. 6th Int. Symp. Micro Mach. Human Sci., 1995, pp 39-
43. 

[17] Z.-H. Zhan, J. Zhang, and Y. Li, “Orthogonal learning particle swarm 
optimization”, IEEE Trans. Evol. Comput., vol. 15, no. 6, pp. 832-847, 
Dec 2011. 

[18] Z.-H. Zhan, J. Zhang, Y. Li, and Henry Chung, “Adaptive particle 
swarm optimization”, IEEE Trans. Syst. Man Cybern. B, Cybern., vol. 
39, no. 6, pp. 1362-1381. Dec 2009. 

[19] W.-N. Chen, J. Zhang, H. S. H. Chung, W.-L. Zhong, W.-G. Wu, and 
Y.-H. Shi, “A novel set-based particle swarm optimization method for 
discrete optimization problems”, IEEE Trans. Evol. Comput., vol. 14, 
no. 2, pp. 278-300, Apr. 2010. 

[20] M. R. AlRashidi and M. E. El-Hawary, “A survey of particle swarm 
optimization applications in electric power systems,” IEEE Trans. Evol. 
Comput., vol. 13, no. 4, pp. 913-918, Aug. 2009. 

[21] J.-H. Zheng and M. Kamitani, “Evaluation of lost time in signal control 
for traffic flow analysis,” in Int. Symp. Inform. Eng. and Electron. 
Commerce, 2009, pp. 463-466. 

[22] L. Xue, L.-H. Lin, and R. Tian, Rui, “Researching on left-turning traffic 
organization and control at urban signalized intersections,” in Int. Conf. 
Optoelectronics Image Process., 2010, vol. 2, pp. 331-334. 

[23] Y. Shi and R. Eberhart, “A modified particle swarm optimizer,” in Proc. 
1998 IEEE Congr. Evol. Comput., pp.69-73. 

 

Authorized licensed use limited to: Hanyang University. Downloaded on November 29,2023 at 08:17:15 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /Cmb10
    /CMBSY10
    /Cmbsy10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /Cmbx10
    /CMBX12
    /Cmbx12
    /CMBX5
    /Cmbx5
    /CMBX6
    /Cmbx6
    /CMBX7
    /Cmbx7
    /CMBX8
    /Cmbx8
    /CMBX9
    /Cmbx9
    /CMBXSL10
    /Cmbxsl10
    /CMBXTI10
    /Cmbxti10
    /CMCSC10
    /Cmcsc10
    /CMCSC8
    /Cmcsc8
    /CMCSC9
    /Cmcsc9
    /CMDUNH10
    /Cmdunh10
    /CMEX10
    /Cmex10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /Cmff10
    /CMFI10
    /Cmfi10
    /CMFIB8
    /Cmfib8
    /CMINCH
    /Cminch
    /CMITT10
    /Cmitt10
    /CMMI10
    /Cmmi10
    /CMMI12
    /Cmmi12
    /CMMI5
    /Cmmi5
    /CMMI6
    /Cmmi6
    /CMMI7
    /Cmmi7
    /CMMI8
    /Cmmi8
    /CMMI9
    /Cmmi9
    /CMMIB10
    /Cmmib10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /Cmr10
    /CMR12
    /Cmr12
    /CMR17
    /Cmr17
    /CMR5
    /Cmr5
    /CMR6
    /Cmr6
    /CMR7
    /Cmr7
    /CMR8
    /Cmr8
    /CMR9
    /Cmr9
    /CMSL10
    /Cmsl10
    /CMSL12
    /Cmsl12
    /CMSL8
    /Cmsl8
    /CMSL9
    /Cmsl9
    /CMSLTT10
    /Cmsltt10
    /CMSS10
    /Cmss10
    /CMSS12
    /Cmss12
    /CMSS17
    /Cmss17
    /CMSS8
    /Cmss8
    /CMSS9
    /Cmss9
    /CMSSBX10
    /Cmssbx10
    /CMSSDC10
    /Cmssdc10
    /CMSSI10
    /Cmssi10
    /CMSSI12
    /Cmssi12
    /CMSSI17
    /Cmssi17
    /CMSSI8
    /Cmssi8
    /CMSSI9
    /Cmssi9
    /CMSSQ8
    /Cmssq8
    /CMSSQI8
    /Cmssqi8
    /CMSY10
    /Cmsy10
    /CMSY5
    /Cmsy5
    /CMSY6
    /Cmsy6
    /CMSY7
    /Cmsy7
    /CMSY8
    /Cmsy8
    /CMSY9
    /Cmsy9
    /CMTCSC10
    /Cmtcsc10
    /CMTEX10
    /Cmtex10
    /CMTEX8
    /Cmtex8
    /CMTEX9
    /Cmtex9
    /CMTI10
    /Cmti10
    /CMTI12
    /Cmti12
    /CMTI7
    /Cmti7
    /CMTI8
    /Cmti8
    /CMTI9
    /Cmti9
    /CMTT10
    /Cmtt10
    /CMTT12
    /Cmtt12
    /CMTT8
    /Cmtt8
    /CMTT9
    /Cmtt9
    /CMU10
    /Cmu10
    /CMVTT10
    /Cmvtt10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /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
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /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-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


