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Abstract. Many kinds of spatio-temporal patterns appear in various fields of engineering including chemical and 
biological engineering. Among such spatio-temporal patterns, analyses of patterns created by the so-called 
self-organization are very important as basic problems in engineering, mainly because analyses of the 
spatio-temporal patterns in phase transitions of polymeric materials are essential to develop new materials and 
the analyses of epidermal patterns of animals and seashell patterns shed light on mystery in biology. In this paper, 
focusing on the chemotactic bacterial colony patterns as the spatio-temporal patterns created by the 
self-organization, we study the influence of the random disturbance on the colony formations. 
 Keywords: Chemotaxis, stochastic reaction diffusion systems, E. coli, S. typhimurium, semi-solid media, colony 
formations, numerical simulations. 
 
Introduction 
 
Spatio-temporal patterns created by the 
self-organization [1]-[3] are often observed in 
various fields of engineering. In this paper, we 
study the bacterial colony patterns as the spatio- 
temporal patterns created by the 
self-organization. It is well known that some 
bacteria form complicate geometric 
spatio-temporal colonies. For example, bacterial 
species Bacillus subtilis create five kinds of 
colony patterns depending on two environmental 
conditions, concentrations of nutrient and 
hardness of agar in experiments [4], [5]. Among 
many kinds of bacteria, we consider ones such as 
Escherichia coli (E. coli) and Salmonella 
typhimurium (S. typhimurium) which move in 
the direction of increasing concentration of 
chemoattractant, asparate. This property of 
bacteria is called chemotaxis [6]. Because of 
chemotaxis, they form high-density aggregates, 
i.e, bacterial colonies. Taking into account the 
fact that there exist fluctuations more or less in 
the natural world, we propose the stochastic two 
components reaction diffusion equations as the 
model of the bacterial colony formation under 
chemotaxis. There are two types of culture of 
bacteria, one is culture in liquid media and the 
other is one in semi-solid media. In this paper, 
focusing on chemotactic bacterial colony forma- 

tions in semi-solid media under random 
fluctuation, its stochastic modeling is considered. 
Since the colony formation processes of E. coli 
are much complicated than one of S. 
typhimurium, we make colony formation 
processes of S. typhimurium a particular study as 
the first step of the analyses of chemotactic 
bacterial colony formation. Using the proposed 
stochastic models, we study the influence of the 
fluctuations on the chemotactic bacterial colony 
formations by simulations.  
 
The Model in Semi-solid Media 
 
As the way of culturing the bacteria E. coli and S. 
typhimurium in experiments, there are cultures in 
liquid and semi-solid media (0.24% water agar). 
In liquid media, the bacteria E. coli and S. 
typhimurium form comparatively simple tem- 
porary bacterial colony patterns [6], [7], whereas 
in semi-solid media, they form more complex 
spatio-temporal colony patterns, which are radial 
spots, concentric ring and spotted ring patterns as 
shown in Figure  1, which are experimental 
results [8] in semi-solid media.   
Even if the experimental conditions are the same, 
the pattern formation processes of the bacteria 
species E. coli and S. typhimurium are very 
different. From the initial inoculums at the center  
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(a) Continuous rings       (b) Spotted rings 

Figure 1. Colony patterns of S. typhimurium in 
semi-solid media [8]. 

of the region, E. coli first form the so-called 
swarm ring, continuous high-density ring and 
then they leave cluster of bacteria with angular 
variation behind the ring. On the other hand, S. 
typhimurium first form a low-density lawn and 
then create continuous concentric rings or 
spotted rings on the lawn, which expand 
outwards from the initial inoculums at the center. 
In this paper, we consider the bacterial colony 
formation of S. typhimurium in semi-solid media 
with fluctuation such as impurities in 
chemoattractant. We propose the stochastic 
model of the colony formation process of S. 
typhimurium in semi-solid media.  
Letting  and  be the population 
density of bacteria, S. typhimurium, and be the 
flux of cells at time t  and position 

(u t x, ) ( )J t x,

x , it follows 
from a general conservation law that  

( ) ( ) ( ( )) inu t x J t x f u t x G
t

∂ ,
+∇ ⋅ , = , Θ×

∂
 (1) 

where ( ( ))f u t x,  denotes the growth and death 
rate of bacteria and  and .  (0 )TΘ = , nG R⊂
The flux  of cells consists of diffusion and 
the chemotactic flows,  and 

(J t x, )
( )DJ t x, ( )CJ t x, , in 

such a way that  
( ) ( ) (D CJ t x J t x J t x, = , + , )  (2) 

Since diffusion of cells depends only on their 
density gradient and DJ  denotes the diffusion 
contribution, we have  

( ) ( )D uJ t x d u t x, = − ∇ ,  (3) 
where  is a positive constant.  ud
On the other hand, since the chemotaxis is the 
biological phenomenon that the bacteria move 
toward a higher concentration of the chemo- 
attractant, which is sort of like a negative 
diffusion, the chemotactic flow depends on 

concentration of chemoattractant and its spatial 
gradient and the interaction of cells. Therefore, 
denoting the attractant concentration at time t  
and position x  by ( )v t x, , we have  

( ) ( ) ( ) ( )CJ t x u t x v v t xχ, = , ∇ ,  (4) 
where ( )vχ  denotes the chemotaxis response, 
which is the function of the attractant concen- 
tration .  v
Equations (2) to (4) yield that  

( ) ( ) ( ) ( ) (uJ t x d u t x u t x v v t x)χ, = − ∇ , + , ∇ ,  (5) 
Some kinds of forms of the chemotaxis response 
function ( )vχ  have been proposed in the past. In 
this paper, we adopt the receptor law [6] below:          

2( )
( )

av
b v

χ =
+

                                      (6) 

where  and  are positive constants.  a b
It follows from Eqs.(1), (5) and (6) that  

2

( ) ( ) ( )( )
( ( ))u

u t x u t x v t xd u t x a
t b

⎛ ⎞
v t x

∂ , ,
= Δ , − ∇ ⋅⎜ ⎟∂ +⎝ ⎠

∇ ,
,

  

 
( ( )) inf u t x G+ , Θ×                       (7) 

Next, consider the modeling of time evolution of 
chemoattractant concentration . Since the 
chemoattractant diffuses with time and is also 
produced and consumed by the bacteria, we have  

( )v t x,

( ) ( ) ( ) ( ) inv
v t x d v t x g u h u v G

t
∂ ,

= Δ , + − , Θ×
∂

 (8) 

where  and ( )g u (h u v),  denote the production 
and the uptake rates of attractant by bacteria and 

 is a positive constant.  vd
 
 Remark 2.1: The bacteria  E. coli and  S. 
typhimurium secrete the attractant under the 
existence of TCA (tricarboxylic acid) cycle 
intermediate, chemical stimulant such as 
succinate and fumarate.  Therefore, the function 

( )g ⋅  in Eq.(8) depends on both of the bacteria 
density  and concentration of succinate or 
fumarate.  From experimental results, we have 
knowledge that the consumption of chemical 
stimulant by  S.  typhimurium in semi-solid media 
is negligible. Furthermore, assuming that 
stimulant concentration is uniform in a whole 
region, we can consider that is the function 
of only the bacteria density   

u

( )g ⋅
.u
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Consider the concrete forms of the functions 
f g,  and  in Eqs.(1) and (8). As the growth and 

death rate 
h

( )f u  of bacteria in Eq.(1), we adopt 
the logistic form such that  

( ) ( )( ( ))f u ru t x u t xδ= , − ,  (9) 
where  and r δ  are positive constants.  
In disregard of saturation of the attractant 
concentration, a plausible form of the production 
rate  becomes:  ( )g u

2( ( )) ( )g u t x u t xβ, = ,  (10) 
where β  is a positive constant.  
Since the consumption of the attractant by 
bacteria is proportional to both of the population 
density u  and the attractant concentration v , the 
consumption rate  in Eq.(8) becomes  (h u v, )

( ) ( ) ( )h u v u t x v t xτ, = , ,  (11) 
where τ  is a positive constant.  
In the real situation, since fluctuations in the 
bacterial behaviors and substance concentration 
more or less are contained, taking this fact into 
consideration and modeling the randomness of 
fluctuations as the spatio-temporal white 
Gaussian noise [9], we propose the stochastic 
model:  
 

 2

( ) ( ) ( )( )
( ( ))u

u t x u t x v t xd u t x a
t b

⎛ ⎞∂ , , ∇ ,
= Δ , − ∇ ⋅⎜ ⎟∂ +⎝ ⎠v t x,

 

 
2 ( )( )( ( )) ( ) inu
w t xru t x u t x s u t x G
t x

δ ∂ ,
+ , − , + , Θ×

∂ ∂
 (12) 

 2( ) ( ) ( ) ( ) ( )v
v t x d v t x u t x u t x v t x

t
β τ∂ ,

= Δ , + , − , ,
∂

 
2 ( )( ) inv
z t xs v t x G
t x

∂ ,
+ , Θ×

∂ ∂
 (13) 

where  and (w t x, ) )(z t x,  are mutually 
independent Brownian sheets, i.e., two param- 
eters Wiener processes [9],  and  are 
constants.  

us vs

Initial and boundary conditions are given by  
0 0(0 ) ( ) (0 ) ( ) onu x u x v x v x G, = , , =  (14) 

 
( ) ( ) 0 onu t x v t x G
ν ν

∂ , ∂ ,
= = Θ×

∂ ∂

where ( ) ν∂ ⋅ /∂  denotes the outer normal 
derivative on the boundary .  G∂
 
Linear Stability Analysis of Deterministic 
Systems 
 
In this section, we consider the linear stability of 
the deterministic equations with Eqs.(12) and 
(13):  

( ) ( ( ) ) ( ) inu
u t x d u u v v f u G

t
χ∂ ,

= Δ −∇ ⋅ ∇ + Θ×
∂

 (16) 
 

( ) ( ) ( ) inv
v t x d v g u h u v G

t
∂ ,

= Δ + − , Θ×
∂

 (17) 

where ( ) ( ) ( )v f v g uχ , ,  and  are defined 
by Eqs.(6), (9), (10) and (11).  

(h u v, )

In the absence of diffusion and chemotaxis, 
linearizing Eqs.(16) and (17) around the 
nontrivial steady states (  such that 

 

)u v∗ ∗,

u v βδδ
τ

∗ ∗= , = ,                         (18) 

i.e., setting as u u u v v vε ε∗= + , = +% % ∗ , we have  

( ) ( )u
u d u u v v f u u
t

χ∗ ∗ ∗
u

∂
= Δ − Δ +

∂
%

% % %  (19) 

 

( ) ( ) ( )v u u v
v d v g u u h u v u h u v v
t

∗ ∗ ∗ ∗ ∗∂
= Δ + − , − ,

∂
%

% % % %

 (20) 
where subscripts of f g,  and  denote the 
partial differentiation w.r.t. the corresponding 
subscripts.  

h

Noting the boundary condition (15) and 
assuming that the spatial region G  is square 
(0 ) (0 )L L, × , , set as  

1 1 1 2( ) cos( ) cos( )tu t x e k x k xλδ, =% 2

2

)

 (21) 
 

2 1 1 2( ) cos( ) cos( )tv t x e k x k xλδ, =%  (22) 
From Eqs.(15), (21) and (22), we have  

1 2 ( 1 2k m L k n L m nπ π= / , = / , , = , ,L  (23) 
 

It follows from Eqs.(19) to (22) that the 
characteristic equation holds:  

∂  (15) 2 2 2( ) ( )p k q kλ λ 0+ | | + | | =  (24) 
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where  
2 2( ) ( )u v up k d d k f h∗| | = + | | − + v

∗

2

 (25) 
 

2 4( ) u vq k d d k A k B| | = | | + | | +  (26) 
and where  

( )v u u v u u u vA h d f d g h u B f hχ∗ ∗ ∗ ∗ ∗ ∗ ∗= − − − , = − ∗

2
2

 (27) 
and  and each  is calculated at 
the steady states  and .  

2 2
1k k k| | = + ( )∗⋅

u∗ v∗

From the standard Turing Instability theory [6], 
in order to form the nonuniform spatio-temporal 
pattern, the following conditions are required:  
(i) The system without diffusion and chemotaxis 
is asymptotically stable.  
(ii) Under the existence of diffusion and 
chemotaxis, the real part of at least one solution 
of the characteristic equation (24) is positive.  
Noting Eq.(18), we have  

2(0) ( ) 0 (0) 0p r q rτ δ τ δ= + > , = >  (28) 
therefore, the above condition (i) holds.  
Let 1λ  and 2λ  be two solutions of Eq.(24) such 
that 1 2λ λ≥ . Then, we have  

 from Eqs. (25) and (28). Therefore, if 
, the real part of 

2
1 2 ( )p kλ λ+ = − | |

0>
2

1 2 ( )q kλ λ = | | < 0 1λ  becomes 
positive. The condition (ii) is satisfied. Let  
and  be solutions of , i.e.,  

2
ak

2 2 2(b a bk k k≤ ) 02( )q k| | =
 

2 2
2 24 4

2 2
u v u v

a b
u v u v

A A Bd d A A Bd d
k k

d d d d
− − − − + −

= , =

 
From Eqs.(23) and (26), the condition that 

 holds in the range of  and 
 is derived in such a way that  

2( )q k| | < 0
2
b

0

2 0k| | >
2 2
ak k k<| | <

 
20 4 u vA A Bd d< , − >  (29) 

and the set  below is not empty  S
 

2
2 2 2 2

2{( ) ( ) ( 1 2 )}a bS m n k m n k m n
L
π

= , | < + < , , = , ,L

 (30) 
In numerical simulations, all parameters are 
chosen to satisfy the diffusion-chemotaxis driven 
instability conditions (29) and (30).  
 

Simulations 
 
In this section, we study the influence of the 
random noise on chemotactic bacterial colony 
formations in the square region under the 
chemotaxis by numerical simulations.  
Taking (0 30) (0 30)G = , × ,  and setting param- 
eters and the initial attractant concentration as 

0 25 1 0 0 2 20 0 01u vd d β δ τ= . , = . , = . , = , = . ,  
0 04 0 02u vs s= . , = . and  and 

changing the chemotaxis coefficient 
0 ( ) 0v x x G∀= , ∈

α  in two 
ways, simulations are performed with different 
initial population density . 0 ( )u x
 
Case-1: Under the condition of 2 5α = .  and  

1 2
0

5 ( ) (15 15)
( )

0 otherwise
x x x

u x
, = , = ,⎧

= ⎨ , ,⎩
 (31) 

simulations are performed.   
 

   

  

 
(a) Under the no noise       (b) Under the noise  
 

Figure  2. Time evolution of  in Case-1\. ( )u t x,
 

Time evolution of the bacteria density ( )u t x,  
under the no noise and the noise is shown in 
Figure  2.  In Figure  2, value of the population 
density (u t x),  is shown as the gradations of 
white to black, for example, the region with 
white color denotes the high-density population 
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one. It should be noted that scale of color in each 
figure changes with time, however, scale at the 
same time in the no noise and the noise cases is 
the same. In the no noise case, we can see that a 
low-density bacterial lawn spreads from the 
initial inoculums added to the center of the 
region. After that, the high-density ring appears 
on the lawn created at the first stage and 
concentric high density bacterial colonies are 
formed as shown in Figure  2(a), which is very 
similar to the exper- imental result in Figure  1.  
 

             
 

(a) Under the no noise 
 

 
(b) Under the noise 

 
Figure 3.  Profile of (70 )u x, in Case-1. 
 
On the other hand, in the noise case, the process 
at the first stage is similar to the no noise case, 
however, the created colonies are different from 
the no noise case in that the high-density 
concentric ring is broken by the noise and spotted 
concentric rings with higher density than Figure  
2(a) appear as shown in Figure  2(b). In [10], we 
have found that the random noise promotes the 
colony formation in liquid media under 
chemotaxis. In other words, the random noise 

strengthens the effect of chemotactic property, so 
that concentric rings are broken and higher 
density spotted colonies are created. Simulation 
results show that enhancement of chemotaxis by 
the random noise holds in semi-solid media. In 
the Case-1, since a chemotactic property is not so 
strong, continuous rings are formed under the no 
noise and these continuous rings change into 
spotted rings under the noise because of 
enhancement of chemotactic property by the 
noise.  
The profile of (70 )u x,  under the no noise and the 
noise cases are shown in Figure  3. 
 

Case-2: Setting the chemotaxis coefficient α  as 
the larger value 3 0α = .  than the Case-1 and the 
other conditions are the same as in the Case-1, 
simulation results are shown in Figure  4.  
 

 

 

 
  
(a) Under the no noise       (b) Under the noise  
Figure 4. Time evolution of  in Case-2. ( )u t x,

 
In the same manner as the Case-1, the 
low-density lawn is first created. After that, not 
continuous rings but spotted high-density rings 
are formed on the lawn in both of the no noise 
and the noise cases, mainly because the 
chemotactic property (opposite effect of 
diffusion) is stronger than the Case-1 and 
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bacteria have a strong trend toward aggregation. 
Since the random noise promotes the aggregation 
of bacteria, the spotted  
rings under the noise are created at the earlier  
stage than under the no noise as shown in Figure  
4. The 3-D views of population densities at time 

 under the no noise and the noise are 
shown in Figure  5. The spotted patterns are very 
similar to the experimental result in Figure  1. 
The distance between each spot on the same ring 
in the noise case is longer than one in the no noise 
case.  

70t =

 

  
(a) Under the no noise 

 

 
(b) Under the noise 

 
 Figure 5. Figure 3  Profile of in 

Case-2. 
(80 )u x,

 
 
Case-3: Setting the chemotaxis coefficient and 
other parameters at the same values as the 
Case-1, changing the initial attractant 
concentration in such a way that  
 

1 2
0

5 ( ) (11 11) (19 19)
( )

0 otherwise
x x x

u x
, = , = , , ,⎧

= ⎨ , ,⎩
   (32) 

 

simulations are performed. Results are shown in 
Figure  6. Unlike the Cases-1 and -2, collisions of 
colonies occur in the Case-3 as shown in Figure  
6.  If there is no collision in the Case-3, colonies 
become continuous rings under the no noise case. 
In the no noise case, the continuous ring is 
formed until the collision occurs, but after 
collision of each colony, the destruction  of 
continuous ring occurs at the collision point and 
the continuous rings become spotted 
high-density colonies. On the other hand, in the 
noise case, before collision, destruction of the 
ring occurs and the spotted rings are created. In 
this way, in the case where the chemotaxis 
property is not so strong, the influence of the 
random noise on the colony formation seems to 
be great and bacteria create the spotted colonies. 
The results in the Case-3 coincides with the 
experimental result that bacterial colonies never 
accrete each other.  
The profile of (80 )u x,  under the no noise and the 
noise cases is shown in Figure  7. 
 

 

 

 
 (a) Under the no noise    (b) Under the noise 
 

Figure 6. Time evolution of   in Case-3. u
Conclusions 
 
The stochastic model of chemotactic bacterial 
colony patterns in semi-solid media has been 
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proposed. In liquid media, although we have 
already found that the random noise promotes the 
aggregation of colonies, simulation results by the 

 
 

(a) Under the no noise 
 

 
(b) Under the noise 

 

Figure 7. Profile of in Case-3. (80 )u x,
 
proposed model have shown that the random 
noise plays the same role in semi-solid media as 
well as liquid media. We have knowledge that 
amalgamation of each bacterial colony never 
occur in the experiments.  The simulation results 
coincide with this experimental result, which 
shows the efficiency of the proposed model.  

As the future work, the analysis of colony 
formation process of bacteria species E. coli 
remains. 
 
 
References 
 
[1] Meinhardt H. (2000) The Algorithmic Beauty 
of Sea Shells, Springer, Tubingen,.  
[2] Walgraef D. (1997) Spatio-Temporal Pattern 
Formation, Springer.  
[3] Haken H. (2000) Information and Self-orga- 
nization, Springer.  
[4] Meinhardt H. (1982) Models of Biological 
Pattern Formation, Academic Press.  
[5] Mimura M, Sakaguchi H and Matsushita M. 
(2000) Reaction-diffusion modelling of bacterial 
colony patterns, Physica A 282 pp283-303.  
[6] Murray J.D.(2001) Mathematical Biology I 
and II, 3rd edn., Springer, New York.  
[7] Tyson R, Lubkin S. and Murray J. (1999) 
Model and analysis of chemotactic bacterial 
patterns in a liquid medium, Journal of 
Mathematical Biology, Vol. 38, pp. 359–375.  
[8]Woodward D. E. et al (1995) Spatio-temporal 
Patterns Generated by Salmonella typhimurium, 
Biological Journal, 68, pp. 2181–2189.  
[9] Kallianpur G. and Xiong, J. (1995) Stochastic 
Differential Equations in Infinite Dimensional 
Spaces, IMS Lecture Notes-Monograph Series, 
Institute of Mathematical Statics.  
[10] Ishikawa M. and Tanabe T. (2005) Simula- 
tion Analyses of Chemotactic Bacterial Patterns 
under Random Fluctuations, Proceedings of 
SICE2005, in CD-ROM.  

 
 

445 


	SIMULATION ANALYSES OF PATTERN FORMATION PROCESSES                                         OF CHEMOTACTIC BACTERIAL COLONIES IN SEMI-SOLID MEDIA                                        Masaaki ISHIKAWA


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 300
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


