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2)  The operation using equation (7) is equivalent to a multiplication by a rotation 
matrix: 

( )B
Nx M q y=  (9) 

where the rotation matrix ( )B
NM q  is expressed in terms of quaternion by the 

following formula [14]: 

( ) ( ) (2
0 3 3 02B T T

NM q q q q I qq q q×× )⎡ ⎤= − + − ⎣ ⎦  (10) 

where  is given by (4) with replacing  by . q×⎡ ⎤
⎣ ⎦ aq q

Finally, one obtains:  

( )
( ) ( ) (

( ) ( ) (

( ) ( ) ( )

2 2
0 1 1 2 0 3 1 3 0 2

2 2
1 2 0 3 0 2 0 1 2 3

2 2
0 2 1 3 2 3 0 1 0 3

2 1 2 2

2 2 1 2

2 2 2

B
N

q q q q q q q q q q )

)

1

M q q q q q q q q q q q

q q q q q q q q q q

⎡ ⎤+ − + −
⎢ ⎥
⎢= − + − +⎢
⎢ ⎥

+ − +⎢ ⎥⎣ ⎦

⎥
⎥

−

G

 (11) 

3.2.   Sensor-based framework 

The sensors configuration consists of 3-axis gyroscope, 3-axis accelerometer and 
3-axis magnetometer containing MEMS technologies. A detailed study of these 
sensors is given in [15]. Their outputs are expressed in the frame , respectively, by: B

T

G G x G y G z bω ω ω ω ω δ⎡ ⎤= =⎣ ⎦ + +  (12) 

( )( )T B
x y z Nf f f f M q g a fδ⎡ ⎤= = +⎣ ⎦ +  (13) 

( )T B
x y z Nh h h h M q m hδ⎡ ⎤= =⎣ ⎦ +  (14) 

where 3 1T
x y zω ω ω ω ×⎡ ⎤= ⎣ ⎦ ∈ℜ  represents the real angular velocity vector 

measured in . B [ ] 3 10 0 9.81 Tg ×= ∈ℜ  and 3 1T
x y za a a a ×⎡ ⎤= ∈ℜ⎣ ⎦  represent 

the gravity vector and the body acceleration, respectively.  and a g  are expressed in 

. N ( ) ( ) 3 10 cos 0 sin
TT

x zm m m m mθ θ ×⎡= =⎡ ⎤⎣ ⎦ ⎣ ⎤ ∈ℜ⎦  represents the magnetic 
field measured in . The theoretical model of the magnetic field nearest to reality 
considers a magnetic field vector with an inclination angle 

N
60θ = °  and a norm vector 

0.5m = Gauss [16]. 3 1T
x y zb b b b ×⎡ ⎤= ⎣ ⎦ ∈ℜ  is a function varying slowly in time 
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and representing an unknown gyro-bias modeled by a Gauss-Markov process [17]. It 
is described by: 

1b T b−= −  (15) 

where 3 3T Iτ ×=  is a diagonal matrix of the time constant τ . 
3 1

Gδ
×∈ℜ ,  and 3 1

fδ
×∈ℜ 3 1

hδ
×∈ℜ  are assumed uncorrelated white Gaussian 

measurements noises with null mean and covariance matrix.  
Since a normalized unit quaternion is used, then g  is also normalized to a unit vector 
such as: 

[ ] [ ]
2

0 0 9.81
0 0 1

9.81

T
Tg = =  (16) 

In the same way as for the accelerometer,  is normalized to a unit vector such as: m

( ) ( )
( ) ( )2 2 2 2

0.5cos 60 0 0.5sin 60 30.5 0 20.5 cos 60 0.5 sin 60

T T

m
⎡ ⎤° ° ⎡ ⎤⎣ ⎦= = ⎢ ⎥⎣ ⎦° + °

 (17) 

3.3.   Rigid-body kinematic model  

The kinematic equation, expressed using the unit quaternion, describes the relation 
between the variation of the rigid-body attitude in time and the angular velocity. It is 
given by [14]:  

0

3 0

1
2

Tqq

I q qq
ω×

⎡ ⎤−⎡ ⎤ ⎢ ⎥=⎢ ⎥ ⎡ ⎤⎢ ⎥+⎣ ⎦ ⎣ ⎦⎣ ⎦
 (18) 

where  represents the real angular velocity rate vector of a rigid-

body measured by gyroscope in the frame . 

T
x y zω ω ω ω⎡= ⎣ ⎤⎦

B q×⎡ ⎤
⎣ ⎦  is given by (4) with replacing  

by . 
aq

q

4.  Design of the complementary nonlinear observer approach for 
the rigid-body attitude estimation 

In this paper, the objective is to design a rigid-body attitude estimation algorithm 
based on inertial and magnetic MEMS sensors (low-cost and low-power sensors). The 
proposed approach will be subsequently used to estimate the orientation, under 
several motions, of the studied animal’s specie: the king penguin. Amongst various 
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navigation systems, strap-down system based on the integral of the angular velocity 
from gyroscope leads to a good attitude estimates (in dynamic situations) for short 
time but suffers from gyro-bias which causes the orientation estimates to drift away 
from the true orientation rapidly. Accelerometer and magnetometer are good sensors 
in attitude estimation for static and quasi-static motion but with poor dynamic 
performance [2]. 

We propose an observer approach to take advantages from accelerometers, 
magnetometers and gyroscopes in order to estimate the most accurate attitude. 
Moreover, the proposed solution includes the estimation of rate gyros biases to 
compensate angular velocity measurements. It important to stress that the resulting 
approach structure is complementary: high bandwidth rate gyro measurements are 
combined with low bandwidth vector observations to provide an accurate estimates of 
the attitude [17]. In our knowledge, the proposed approach using this triad of sensors 
is the first work applied in Bio-logging area [18]. 
Firstly, one considers that the real angular velocity vector ω  is written as: 

G b Gω ω= − −δ  (19) 

To achieve our goal, let us consider the following nonlinear system described in (20) 
and obtained from (18), (15) and (19): 

1 2 3

0 3 2

3 0 1

2 1 0

3 3 0

1

0 1 2 3

1
2

1
12 0 0

10 0

10 0

' ' ' ' '

G G

T

q q q
q q q

b
q q q
q q qq

q
I q q

b
T b

b

y q q q q q

ω δ

ω

τ

τ

τ

×
×

−

⎡ ⎤− − −⎡ ⎤
⎢ ⎥⎢ ⎥−⎢ ⎥⎢ ⎥ ⎡ ⎤− −⎣ ⎦⎢ ⎥⎢ ⎥−
⎢ ⎥⎢ ⎥⎡ ⎤⎡ ⎤ −− ⎢ ⎥⎣ ⎦⎢ ⎥⎢ ⎥ ⎢ ⎥⎡ ⎤ ⎢ ⎥ ⎡ ⎤⎡ ⎤⎢ ⎥= + =⎢ ⎥⎢ ⎥ −⎣ ⎦⎣ ⎦⎢ ⎥ ⎢ ⎥⎢⎣ ⎦ ⎢ ⎥ ⎢ ⎥⎢ ⎥−⎣ ⎦ ⎢ ⎥⎢ ⎥−⎢ ⎥⎢ ⎥

⎢ ⎥⎢ ⎥
⎢ ⎥−⎢ ⎥
⎢ ⎥⎢ ⎥⎣ ⎦⎣ ⎦

= =⎡ ⎤⎣ ⎦
T

⎧
⎪
⎪
⎪
⎪
⎪
⎪
⎪⎪
⎨
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪⎩

⎥  (20) 

where 4 1q ×∈ℜ  is the quaternion and 3 1b ×∈ℜ  is the bias (system’s states). 

 is an identity matrix. 3 3
3 3I ×
× ∈ℜ 4 1'q ×∈ℜ  is the system output that is determined 

based on optimal fusion of accelerometer and magnetometer measurements. The 
method that allows to calculate  is presented in the next section.   'q
In order to estimate the attitude, the following complementary nonlinear attitude 
observer is proposed: 
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1
3 3 0

1
2

ˆ
1 ˆˆ ˆ2 ˆ

ˆ ˆ

T

G

e

q
q b

I q q

b T b k q

ω
×

×

−

⎧ ⎡ ⎤−
⎪ ⎢ ⎥ ⎡ ⎤= −⎪ ⎣⎡ ⎤⎢ ⎥+⎨ ⎣ ⎦⎣ ⎦⎪
⎪ = − −⎩

ek q+ ⎦  (21) 

q̂  and  represent the estimated states. The observer gains ,b̂ 1k 1 1
2k ×∈ℜ  are positive 

constants. q̂×⎡ ⎤
⎣ ⎦  is given by (4) with replacing  by . aq q̂ 3 1

eq ×∈ℜ  represents the 

vector part of the error quaternion .  eq

eq  is obtained by using the quaternion product (3) between the measured quaternion 

 and the complementary estimated quaternion 'q q̂  with replacing  by aq q̂  and  
by : 

bq
'q

0ˆ '
TT

e eq q q q qe⎡ ⎤= ⊗ = ⎣ ⎦  (22) 

Based on [2], [19], a detailed mathematical analysis of the observer convergence and 
the global stability are derived. Suppose that 0Gδ =  and 'q q≈ .  

Theorem 1: Consider the kinematic equation (18) for a time-varying ( )q t  and with 

measurements given by  and 'q Gω . Let ( ) ( )( )ˆˆ ,q t b t  denote the solution of (21). 

Define error variables ˆ 'eq q q= ⊗  and ˆ
eb b b= − . Then, the error ( ) ( )T T

e eq t b t⎡ ⎤
⎣ ⎦  is 

globally asymptotically stable to [ ]1 0 0 0 0 0 0± . For almost all initial 

conditions , the trajectory ( ) ( )( 0 0,e eq t b t ) ( ) ( )( )ˆˆ ,q t b t  converges to the trajectory 

( )( ),q t b . 

Proof: Let us consider the two error equations given by: 

0 1 2 3 ˆ 'T
e e e e eq q q q q q q= ⎡ ⎤⎣ ⎦ = ⊗

b= −

 (23) 

ˆT
e ex ey ezb b b b b⎡ ⎤= ⎣ ⎦  (24) 

Suppose that  and using the definition of quaternion product 'q q≈ ⊗  given in (3), 
equation (23) can be written as: 

0 0 1 1 2 2 3 3

0 1 1 0 2 3 3 2

0 2 1 3 2 0 3 1

0 3 1 2 2 1 3 0

ˆ ˆ ˆ ˆ
ˆ ˆ ˆ ˆ
ˆ ˆ ˆ ˆ
ˆ ˆ ˆ ˆ

e

q q q q q q q q
q q q q q q q q

q
q q q q q q q q
q q q q q q q q

+ + +⎡ ⎤
⎢ ⎥− + + −⎢=
⎢− − + +
⎢ ⎥
− + − +⎣ ⎦

⎥
⎥

 (25) 
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Now, differentiating (24) and (25), then one obtains: 

0 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3

0 1 0 1 1 0 1 0 2 3 2 3 3 2 3 2

0 2 0 2 1 3 1 3 2 0 2 0 3 1 3 1

0 3 0 3 1 2 1 2

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ

ˆ ˆ ˆ ˆ

e

q q q q q q q q q q q q q q q q

q q q q q q q q q q q q q q q q
q

q q q q q q q q q q q q q q q q

q q q q q q q q

+ + + + + + +

− − + + + + − −
=

− − − − + + + +

− − + + − 2 1 2 1 3 0 3 0ˆ ˆ ˆ ˆ

ˆ
e

q q q q q q q q

b b b

⎧ ⎡ ⎤
⎪ ⎢ ⎥
⎪ ⎢ ⎥
⎪ ⎢ ⎥⎪
⎨ ⎢
⎪ ⎢ ⎥− + +⎣ ⎦⎪
⎪

= −⎪⎩

⎥  (26) 

Substitute , 0 1 2 3
Tq q q q q= ⎡ ⎤⎣ ⎦

T
x y zb b b b⎡ ⎤= ⎣ ⎦ , 0 1 2 3ˆ ˆ ˆ ˆ ˆ

T
q q q q q⎡ ⎤= ⎣ ⎦  and 

 given in (20) and (21).  ˆ ˆ ˆ ˆ
T

x y zb b b b⎡= ⎢⎣ ⎦
⎤
⎥

Finally, the observation error dynamic’s is written as follows: 

1 0

1 1

1
2

01
2 2

T
e e e

e
ee e e e

e e e

b k q q
q

qb k q b k q

b T b k q

ω ××

−

⎧ ⎡ ⎤+⎡ ⎤⎣ ⎦ ⎡ ⎤⎪ ⎢ ⎥= ⎢ ⎥⎪ ⎢ ⎡ ⎤⎡ ⎤− + + +⎡ ⎤ ⎡ ⎤ ⎥ ⎣ ⎦⎨ ⎣ ⎦ ⎣ ⎦⎢ ⎥⎣ ⎦⎢ ⎣ ⎦⎣ ⎦⎪
⎪ = − +⎩

⎥
 (27) 

It is easily verified that:   

[ ]1 0 0 0 0 0 0T T
e eq b⎡ ⎤ = +⎣ ⎦  (28) 

and 

[ ]1 0 0 0 0 0 0T T
e eq b⎡ ⎤ = −⎣ ⎦  (29) 

are the equilibrium states of the error dynamics (27). 
Let us consider a domain  as: D

( ) { } ( ) { }{ }4 1 3 1/  1 1 , i=1..4  and /  -  , i=1..3e e e eD q q i b b i× ×= ∈ℜ − ≤ ≤ ∈ℜ ∞< < +∞  (30)  

Let us define two candidate Lyapunov functions  and . These functions are 

continuous, positive definite, bounded and belong to the class  as: 
1V 2V

2C

( )( )2
1 2 0

1 1 ,    if 
2

T T
e e e e e eV b b k q q q q= + − + ≥0 0  (31) 

( )( )2
2 2 0

1 1 ,   if 
2

T T
e e e e e eV b b k q q q q= + + + <0 0  (32)   

In our case, the motion can change randomly, and then  can take positive or 
negative value according to the value of 

0eq
φ . If we choose the case , then we 

consider the Lyapunov function in (31). Equation (31) can be written also as: 
0 0eq ≥
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((2
1 2 1
2

T
e e eV b b k q= + − ))0

eb

0

 (33) 

When differentiating (33) and using (27), one obtains: 

2 02 T
e eV k q b= − +  (34) 

Finally, one obtains: 
1

2 1
T T
e e e eV k k q q b T b−= − −  (35) 

Since , then: 00 1eq≤ ≤

2
01T

e e eq q q= − ≥  (36) 

When the gains ,  are positive constants, we can write: 1k 2k
0V ≤  (37) 

It is clear that V  is negative semi-definite and for equilibrium states (28) and (29), 
the condition ( ) ( ), ,e e e eV q b V q b= 0=  is satisfied. Thus, ( ),e eq b → 0  and 
consequently  (the norm of   is always equal 1 [13]).  0 1eq → ± eq
In the same way, for the case 0 0eq < , the associated Lyapunov function (32) leads to 
the same result given by (35). 
Let . Therefore, the only solution that can stay 
identically in 

( ) ( ){ , /  ,e e e eq b D V q bϒ = ∈ = }0
ϒ  is the trivial solutions in (28) and (29). Now, applying Krasovskii-

LaSalle’s principle [20], one can conclude that the equilibrium states (28) and (29) are 
globally asymptotically stable, which ends the proof.  

 

5.  Optimal determination of  from vector observations 'q

In this section, one presents an optimal method to determine the attitude  that is 
used as measurements for the nonlinear observer in (21). The problem of optimal 
attitude determination algorithm using two sensor’s measurements (vector 
observations) is known as the Wahba’s problem [21]. In this paper, we consider the 

earth’s magnetic field  defined in (17) and the gravity vector 

 expressed in (16) as vector observations. These quantities are 

locally constant in the Earth-fixed frame .  

'q

T
x y zm m m m⎡= ⎣ ⎤⎦

⎤⎦
T

x y zg g g g⎡= ⎣
N

To solve this problem, let us define firstly the modelling error: 

( ) ( )ˆ ˆq y yδ = −  (38) 

where  represents the theoretical values of gravity and earth’s magnetic fields: y
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T
x y z x y zy g g g m m m⎡ ⎤= ⎣ ⎦  (39) 

ŷ  depicts the estimated values of g  and m : 

ˆ ˆ ˆ ˆ ˆ ˆ ˆ
T

x y z x y zy g g g m m m⎡ ⎤= ⎣ ⎦  (40) 

Note that these estimated values are obtained from the followings two equations: 

ˆ ˆ ˆ ˆ ˆ0
T

q x y z q ˆg g g g q f q⎡ ⎤= =⎣ ⎦ ⊗ ⊗  (41) 

ˆ ˆ ˆ ˆ ˆ0
T

q x y z qm m m m q h⎡ ⎤= =⎣ ⎦ q̂⊗ ⊗  (42) 

where qf  represents the quaternion form associated to the acceleration vector as 

 and  the quaternion form associated to the earth’s 

magnetic field vector as 

0
T

q x y zf f f f⎡= ⎣ ⎤⎦ qh

0
T

q x y zh h h h⎡ ⎤= ⎣ ⎦ .  depicts the estimated attitude 

form the nonlinear observer in (21). 

q̂

To minimize the error , an iterative method is used to locate the minimum of the 
scalar squared error criterion function: 

( )q̂δ

( ) ( ) ( )ˆ ˆ T ˆJ q qδ δ= q  (43) 

Several approaches have proved to be effective as standard technique for nonlinear 
least-squares problems. In this paper, Levenberg Marquardt Algorithm (LMA) is used 
to minimise the nonlinear function ( )ˆJ q . It outperforms the Gauss-Newton 
Algorithm (GNA) and the method of gradient descent. The LMA is more robust than 
GNA in the region of local minimum [22]. Then the unique minimum can be written 
in the following form [23]: 

( ) ( )
1

3 3ˆ Tq c H H I H qζ λ
−

×⎡ ⎤= +⎣ ⎦ ˆT δ          (44) 

where λ  is a constant that adjusts the convergence rate of the algorithm and 
guarantees that the inverted term will be non-singular. c  is a smoothing parameter 
chosen between 0 and 1 [6]. 

6 3H ×∈ℜ  is the Jacobian matrix defined as [24]: 

ˆ ˆ2
T

H g m× ×⎡⎡ ⎤ ⎡ ⎤= − ⎣ ⎦ ⎣ ⎦⎣
⎤
⎦  (45) 

where ĝ ×⎡ ⎤
⎣ ⎦  and  are defined in (4) with replacing  by m̂×⎡ ⎤

⎣ ⎦ aq ĝ  and .     ĥ

Then, from (45), one obtains the following matrix: 
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ˆ ˆ ˆ ˆ0 0
ˆ ˆ ˆ2 0 0
ˆ ˆ ˆ ˆ0 0

T
z y z y

z x z

y x y x

g g m m

H g g m m
g g m m

− −⎡ ⎤
⎢ ⎥

= − − −⎢
⎢ ⎥− −⎣ ⎦

ˆ x ⎥  (46) 

Note that  represents the vector part of the error quaternion of the LMA. 

Then one takes . Finally, to obtain the quaternion , that is used after 
in (22), one uses the following equation: 

( ) 3 1q̂ζ ×∈ℜ

( )ˆ errorq qζ = 'q

( ) ( )' 1 ' 1 T
errorq k q k q+ = ⊗⎡ ⎤⎣ ⎦  (47) 

For [ ]1..k n=  ( n  is the final integration step), one chooses to use always the 

condition ( ) ˆ ( )' q k=

⎤⎦

q k  to obtain faster convergence of the LMA. Note that the scalar 

part of the error quaternion  is very close to unit since the incremental 
quaternion corresponds to a small angle rotation and then the only dynamics of the 
system will be contained in the vector part of the perturbation quaternion. 

1 T
errorq⎡⎣

Note that this algorithm is limited to the lowest frequencies of the natural panel of 
movements [2] (the static or quasi-static situations) and the values of  are strongly 
disturbed in dynamic situations.  is smoothed after by the proposed observer in 
(21).  

'q
'q

6.  Simulation results 

This section aims at illustrating the performance and accuracy of the 
complementary nonlinear observer designed in (21). Some numerical simulations 
were carried out under Matlab to estimate the rigid-body attitude based on the 
measurable inertial and magnetic measurements. To achieve these simulations, one 
starts by generating a theoretical example of attitude variation that was the subject of 
angular velocity data over 100 sec. The kinematic differential equation in (18) is used 
to obtain the continuous time motion in quaternion representation based on the 
considered angular velocity measurements. The obtained motion (quaternion term) is 
used in these simulations as reference and which will be estimated after by the 
proposed observer. To represent the sensor imperfections, an additive random zero-
mean white Gaussian noise was considered for all measurements (see Table 1). 

The sampling and calculation rate was chosen as 100Hz for all measurements 
(0.01sec). The angular velocity measurements are also assumed to be corrupted by a 
theoretical bias. This latter is generated based on equation (15). Notice that the bias is 
very common and undesirable characteristic of low-cost rate gyros. The observer 
gains  and  that guarantee convergent estimates, are set according to the 
considered sensor noise levels and sampling rate as: 

1k 2k

1 25k =  and . The 
constant  used in the LMA is set to 

2 40k =
c 1/ 3c = . In these simulations, one chooses to 

initialize the theoretical states of the model (the quaternion  and bias ) and those q b
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of the observer with different random values. These conditions are summarized in 
Table 2. Notice that this choice allows illustrating the convergence of the observer 
although it was initialized far from the actual states.  

The time history of the seven states to be estimated (quaternion and bias 
components) and observer estimates are shown in Figs. 3 and 4. Despite the nonlinear 
observer and the theoretical model of the quaternion and bias were initialized with 
different initial conditions, one can note that the estimated quaternion and bias 
converge rapidly towards its theoretical values. Notice that one has tried to change the 
initial conditions and the same performance was obtained. It is clear that the domain 
of attraction seems to be large enough since the states are initialized far from their 
true values and the observer converges quite fast. Notice that the nonlinear observer 
copes well with the rate gyro bias. Moreover the noises of the accelerometer and 
magnetometer are rejected. In order to evaluate the overall attitude estimation 
performance, one chooses to plot the time history evolution of the estimation errors 
on the quaternion and bias. Figs. 5 and 6 depict the convergence of these errors 
towards zero during the motion. These obtained results show the effectiveness of the 
complementary nonlinear observer to the attitude estimation during the considered 
rigid-body motion.  
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Fig. 3. Theoretical quaternion  and its estimated values  q q̂

Table 1. Characteristics of the various noises for the sensors’ measurements 

Sensors Parameters Standard deviations Units 
Accelerometer fδ  0.01 2/m s  
Magnetometer hδ  0.03 Gauss  
Gyroscope Gδ  0.01 /rad s  
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Fig. 4. Theoretical bias  and its estimation  b b̂
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Fig. 6. Gyro-bias estimation errors 

Table 2. Initial conditions 

 Quaternion Bias 
Theoretical model ( ) [ ]0 1 0 0 0 Tq t =  ( ) [ ]0 1.5 0.9 1 Tb t = −  
Nonlinear observer ( ) [ ]0ˆ 0.3 0.5 0.8 0.1Tq t = ( ) [ ]0

ˆ 0 0 0Tb t =  

7.  Experimental results 

In order to evaluate the efficiency of the proposed approach in real word 
applications, an experimental setup was developed resorting to an inertial and 
magnetic sensor module. In this study, an Inertial Measurement Units (IMU) was 
employed: the MTi from Xsens Technologies [25], which outputs data at a rate of 
100Hz. This MEMS device is a miniature, light weight, 3D digital output sensor (it 
outputs 3D acceleration (from accelerometer), 3D angular rate (from gyroscope), and 
3D magnetic field data (from magnetometer)) with built-in bias, sensitivity, and 
temperature compensation. In the set of experiments, the calibrated data from MTi are 
used as inputs to the proposed nonlinear observer. In addition, this device is designed 
to track the body 3-D attitude output in Euler angles, quaternion or rotation matrix 
representations. The attitude from MTi is computed using an internal algorithm based 
on Xsens Kalman Filter (XKF) [25]. Note that MTi serves as tools for evaluation of 
the efficiency of the proposed attitude estimation algorithm.  
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	1)   and   are bounded by the following relation: 
	2)  The operation using equation   is equivalent to a multiplication by a rotation matrix: 


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50583
  /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 440
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.56818
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /FRA <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


