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Three-dimensional path tracking control for

autonomous underwater vehicle based on neural network

JIA He-ming1, ZHANG Li-jun2, QI Xue3, YANG Li-xin3

(1. College of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin Heilongjiang 150040, China;
2. School of Marine Engineering, Northwestern Polytechnical University, Xi’an Shaanxi 710072, China;

3. College of Automation, Harbin Engineering University, Harbin Heilongjiang 150001, China)

Abstract: Considering the uncertain hydrodynamic coefficients and environmental current disturbances, we propose
an adaptive output feedback neural network controller for the three-dimensional path tracking control of an autonomous
underwater vehicle (AUV). The controller consists of three control terms: the output feedback control term of the dynamic
compensator, the neural network adaptive control term and the robust control term. An observer is designed to provide the
neural network with the adaptive learning signal. The stability of the controller is analyzed by Lyapunov theory. A three-
dimensional path tracking simulation is carried out on an experimental AUV; simulations results show that the designed
controller provides high tracking precision, effectively suppresses the effect of the time-varying nonlinear hydrodynamic
damping on the AUV system, and significantly attenuate the external currents disturbances.
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2 (AUV modelling)

,{
η̇ = J(η)ν,

Mν̇ + C(ν)ν + D(ν)ν + g(η) + τd = τ,
(1)

: M , ; C(ν) ∈
R

6×6 ,
; D(ν) ∈ R

6×6

; g(η) ∈ R
6 ; τd

; η = [x y z φ θ ϕ]T

, ;
ν = [u v w p q r]T

; τ ∈ R
6

, . J(η)
.

ηd ∈ R
6, [ηd η̇d

η̈d]T . ξ̄=[ξ1 ξ2]T, ξ1, ξ2∈Ω⊂R
6

ξ1 = η − ηd, ξ2 = J(η)ν − η̇d,

(1)⎧⎪⎨
⎪⎩

ξ̇1 = ξ2,

ξ̇2 = f(ξ1, ξ2, ηd, η̇d, η̈d)+

J(ξ1 + ηd)M−1(τ − τd),

(2)

: f(ξ1, ξ2, ηd, η̇d, η̈d) ,
ξ1 ∈ R

6 . (2),
: ξ1, τ ,

.

3 (NN
adaptive output feedback control scheme)

(2), f τd ,

τ = MJ−1(u1 − f + JM−1τd). (3)

, (2)

ξ̇1 = ξ2,

ξ̇2 = u1.
(4)

(4) :

ξ̇c = Adξc + Bdξ1,

u1 = Cdξc + Ddξ1,
(5)

: ξc ∈ R
6, Ad, Bd, Cd, Dd ∈ R

6×6 .
,

, f(ξ1, ξ2, ηd, η̇d, η̈d)
.

, u2, f(ξ1, ξ2,

ηd, η̇d, η̈d) ,
τd,

1.

1

Fig. 1 Controller architecture

3.1

(Compensator based on dynamic recurrent
fuzzy neural network)

2 .

xN = [xN
1 · · · xN

n ]T , yN

. 2
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yN = F (xN) =
m∑

a=1
ȳa
N

1

1 + e
−μ(

mP

j=1
w1

jaαc,j(k)+μ
i1
1 (xN

1 (k))+ ··· +μin
n (xN

n (k))−0.5)

m∑
p=1

1

1 + e
−μ(

mP

j=1
w1

jpαc,j(k)+μ
i1
1 (xN

1 (k))+ ··· +μin
n (xN

n (k))−0.5)

, (6)

: ȳa
N , m , w1

, μ .

μj
i = exp[−(

xN
i − x̄ij

σij
)2], (7)

x̄ij σij .

αc,j(k) = αj(k − 1), (8)

αa(k) =
1

1+e
−μ(

mP

j=1
w1

jaαc,j(k)+μ
i1
1 (xN

1 (k))+ ···+μin
n (xN

n (k))−0.5)
.

(9)

(8)−(9) , αa(k)
xN μi1

1 (xN
1 (k)),

· · · , μin
n (xN

n (k)),
[10–12].

2

Fig. 2 Dynamic recurrent fuzzy neural network architecture

f(ξ1,

ξ2, ηd, η̇d, η̈d) . , ξ2

, .
,

, ξ1 ξ2 ,
ξ1

. , ηd, η̇d η̈d

, ηd

. , ξ1 ηd

, f(ξ1, ξ2, ηd,

η̇d, η̈d) ,

, .

β � [x̄T

σT w1T ȳT
N]T, : x̄ = [x̄ij ]

, σ = [σij ] .
, D̄, (ξ1, ξ2, ηd, η̇d,

η̈d) ∈ D̄ , ε∗,
β, f(ξ1, ξ2, ηd, η̇d, η̈d)

F (ξ1, ηd |β ) ,

f(ξ1, ξ2, ηd, η̇d, η̈d) = F (ξ1, ηd |β ) + ε, (10)

ε , ‖ε‖ < ε∗.

, (3) f(ξ1, ξ2, ηd, η̇d, η̈d)
u2 ,

u2 = F (ξ1, ηd|β̂) = f̂(ξ1, ξ2, ηd, η̇d, η̈d), (11)

β̂ = [ˆ̄xT
σ̂T ŵ1T ˆ̄yT

N]T β .

(10) (11), ,

f(ξ1, ξ2, ηd, η̇d, η̈d) − u2 =

F (ξ1, ηd|β) − F (ξ1, ηd|β̂) + ε =

−β̃T ∂F (ξ1, ηd|β)
∂β

|β=β̂ + ◦(β̃2) + ε, (12)

: β̃ = β̂ − β, lim
t→∞

◦(β̃2)
β̃2

= 0 .

‖∂F (ξ1, ηd|β)
∂β

|β=β̂‖ � D1, (13)

‖◦(β̃2) + ε‖ � D2, (14)

D1, D2 .
, .

3.2 (Robust control term)

(3) , τd ,
τd , ‖τd‖ � D3, D3 .

,
u3. (3) J(ξ1+ηd)M−1τd

u3, u3

u3 = −(D2 + ‖JM−1‖D3)
2ξ̂TPb

‖2ξ̂TPb‖ , (15)

ξ̂ P . , (3)
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τ = MJ−1(ξ1)(u1 − u2 + u3). (16)

3.3 (Observer and adap-
tive learning law)

u2 , β̂

[ξ1 ξ2 ξc]T,
ξ2 ,

ξ2, Lyapunov β̂

.

ξ� [ξ1 ξ2 ξc]T, A�

⎡
⎢⎣ 0 1 0

Dd 0 Cd

Bd 0 Ad

⎤
⎥⎦ , b� [0 1 0]T.

(2)(5)(16),

ξ̇ = Aξ + b(f − u2 − JM−1τd + u3). (17)

g � [ξ1 ξc]T. ,

ξ̇ = Aξ + b(f − u2 − JM−1τd + u3),
g = Cξ,

(18)

: C =

[
1 0 0
0 0 1

]
, u2 u3

f − u2 − J(ξ1 + ηd)M−1τd + u3 ≈ 0, (19)

g ,
˙̂
ξ = Aξ̂ + Kg̃,

ĝ = Cξ̂,
(20)

: g̃=g− ĝ , K , A−KC

.

ξ̃ = ξ̂ − ξ, Ã � A−KC,

˙̃
ξ=Ãξ̃−b(f−u2−J(ξ1 + ηd)M−1τd + u3.

(21)

(20) (21) ξ2.

˙̂
β = γβ [2

∂F (ξ1|β)
∂β

|β=β̂ ξ̂TPb −

λβ(β̂ − β0)], (22)

: β0 , β

. λβ > 0,
λβ

2
− D2

1 > 0, γβ

, P , Lyapunov

ATP + PA = −Q, (23)

Q > 0.

4 (Stability analysis)

AUV
. [18–19], Lyapunov ,

: ξ , ξ̃

ε ,
AUV

.

P̃ ,

ÃTP̃ + P̃ Ã = −Q̃, (24)

Q̃ > 0,

λmin(Q̃) − 2‖Pb + P̃ b‖2 > 0, (25)

λmin(Q̃) Q̃ .

1 (2) (20),
(22) (5)

(11)(15)−(16), ξ, ξ̃, β̃

.

Lyapunov

V = ξTPξ + ξ̃TP̃ ξ̃ +
1
2
β̃Tγ−1

β β̃, (26)

ξ̃ = ξ̂ − ξ, Lyapunov

V̇ =

−ξTQξ − ξ̃TQ̃ξ̃ + 2ξ̂TPb(f(ξ1, ξ2, ηd, η̇d, η̈d) −
u2 − J(ξ1 + ηd)M−1τd + u3) −
2ξ̃T(Pb + P̃ b)(f(ξ1, ξ2, ηd, η̇d, η̈d) −
u2 − J(ξ1 + ηd)M−1τd + u3) + β̃Tγ−1

β
˙̃
β.

(12)(15) (22)

V̇ =

−ξTQξ − ξ̃TQ̃ξ̃ + 2ξ̂TPb(ε + ◦(β̃2) −
J(ξ1 + ηd)M−1τd) −

2ξ̂TPb(D2 + ‖J(ξ1 + ηd)M−1‖D3)
2ξ̂TPb

‖2ξ̂TPb‖ −

2ξ̃T(Pb + P̃ b)(f(ξ1, ξ2, ηd, η̇d, η̈d) −
u2 − J(ξ1 + ηd)M−1τd + u3) − λββ̃T(β̂ − β0).

2ξ̂TPb(ε + ◦(β̃2) − J(ξ1 + ηd)M−1τd) −
‖2ξ̂TPb‖(D2 + ‖J(ξ1 + ηd)M−1‖D3) � 0,

−λββ̃T(β̂ − β0) =

−λββ̃T(β̃ + β − β0) �
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−λβ

2
‖β̃‖2 +

λβ

2
‖β − β0‖2,

V̇ �
−λmin(Q)‖ξ‖2 − λmin(Q̃)‖ξ̃‖2 −
2ξ̃T(Pb + P̃ b)[−β̃T ∂F (ξ1, ηd|β)

∂β
‖β=β̂ +

◦(β̃2) + ε − J(ξ1 + ηd)M−1τd −

(D2 + ‖J(ξ1 + ηd)M−1‖D3)
2ξ̂TPb

‖2ξ̂TPb‖ ] −
λβ

2
‖β̃‖2 +

λβ

2
‖β − β0‖2 �

−λmin(Q)‖ξ‖2 − (λmin(Q̃) −
2‖Pb + P̃ b‖2)‖ξ̃‖2 − (

λβ

2
− D2

1)‖β̃‖2 +

4(D2 + ‖J(ξ1 + ηd)M−1‖D3)2 +
λβ

2
‖β − β0‖2 � −λV + ρ, (27)

:

λ = min{ λmin(Q)
λmax(P )

,
λmin(Q̃) − 2‖Pb + P̃ b‖2

λmax(P̃ )
,

2γβ(
λβ

2
− D2

1)},

ρ=4(D2+‖J(ξ1+ηd)M−1‖D3)2+
λβ

2
‖β−β0‖2,

λmax(P ) λmax(P̃ ) P P̃

.

(27)

0 � V � ρ

λ
+ (V (0) − ρ

λ
)e−λt. (28)

t → ∞ , V
ρ

λ
, γ1‖ξ‖ � V ,

γ1 ,

lim
t→∞ ‖ξ‖ � γ−1

1

ρ

λ
, (29)

ξ . , ξ̃ β̃ .

5 (Simulation)

AUV ,
AUV

,
.

AUV

(xi, yi, zi) =

(R × cos(i × 15◦), R × sin(i × 15◦), (i + 1) × d),

: R=100, i = 1, 2 · · · , 80, d AUV .
AUV AUV

.
AUV ,

ucurrent =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

1.25m/s, 0m � z � 80m,

1.00m/s, 80m < z � 170m,

0.75m/s, 170m < z � 250m,

0.50m/s, 250m < z � 380m,

0◦( X ). AUV
(x, y, z) = (100, 0, 10), (ϕ, θ, φ) =
(0◦, 0◦, 90◦), (u, v, w) = (0, 0, 0) m/s,

ud = 2 m/s.

Ad = −8, Bd = 0.5,

Cd = 25, Dd = −10.
, γβ = 1.5, D1 = 0.5. 10,

0.2, 0.5,
0. λβ = 1, γβ = 1.5.

K =

⎡
⎢⎣ 1.5 1

0.25 −8
0.2 0.75

⎤
⎥⎦.

D2 = 0.05, D3 = 2.
AUV

, Ad, Bd, Cd, Dd

,
;

,
(

);
, ,

AUV .

3 AUV
. , PID

AUV , 3
P1 P2 1 , P2 P3

2 . 4 , 5 6
AUV 1 XY

XZ , 7
. 4

PID ,
. 5 6 PID
,

, ,
AUV , . 8

AUV ,
AUV (

),
,
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, ,
PID , PID

, ,
,

.
AUV .

3 AUV
Fig. 3 AUV spatial path following

4
Fig. 4 Spatial path following error

5 XY

Fig. 5 XY plane path following

6 XZ

Fig. 6 XZ plane path following

7

Fig. 7 Speed error of the AUV

8

Fig. 8 Thruster force changing curves

6 (Conclusion)

AUV ,

.

.
,

.
AUV

, ,
.



7 : 883

, AUV
.

(References):

[1] , , , .
[J]. , 2007, 33(8): 840 – 846.

(YU Jiancheng, ZHANG Aiqun, WANG Xiaohui, et al. Direct
adaptive control of underwater vehicles based on fuzzy neural net-
works [J]. Acta Automatica Sinica, 2007, 33(8): 840 – 846.)

[2] YOERGE D R, SLOTINE J E. Robust trajectory control of underwa-
ter vehicles [J]. IEEE Journal of Oceanic Engineering, 1985, 10(4):
462 – 470.

[3] FOSSEN T I, SAGATUN S I. Adaptive control of nonlinear systems:
a case study of underwater robotic systems [J]. Journal of Robotic
Systems, 1991, 8(3): 393 – 412.

[4] CORRADINI M L, ORLANDO G. A discrete adaptive variable struc-
ture controller for MIMO systems and its application to an under-
water ROV [J]. IEEE Transactions on Control Systems Technology,
1997, 5(3): 349 – 359.

[5] ANTONELLI G, CHIAVERINI S, SARKAR N. Adaptive con-
trol of an autonomous underwater vehicle: experimental results on
ODIN [J]. IEEE Transactions on Control Systems Technology, 2001,
9(5): 756 – 765.

[6] , , .
[J]. , 2004, 26(6): 515 – 518.

(GAO Jianshu, XING Zhiwei, ZHANG Hongbo. Observer-based
neural network adaptive control of underwater vehicles [J]. Robot,
2004, 26(6): 515 – 518.)

[7] LIU S Y, WANG D E , POH E K, et al. Nonlinear output feed-
back controller design for tracking control of ODIN in wave dis-
turbance condition [C] //Proceedings of MTS/IEEE OCEANS. New
York: IEEE, 2005, 2: 1803 – 1810.

[8] LI J H, LEE P M. A neural network adaptive controller design for
free-pitch-angle diving behavior of an autonomous underwater vehi-
cle [J]. Robotics and Autonomous System, 2005, 52(2): 132 – 147.

[9] , , , . [J].
, 2008, 25(1): 9 – 13.

(YU Jiancheng, LI Qiang, ZHANG Aiqun, et al. Neural network
adaptive control for underwater vehicles [J]. Control Theory & Ap-
plications, 2008, 25(1): 9 – 13.)

[10] . [J].
, 2008, 37(3): 269 – 274.

(ZHANG Youwang. Direct adaptive dynamic recurrent fuzzy neu-
ral network control and its application [J]. Information and Control,
2008, 37(3): 269 – 274.)

[11] , , , .
[J]. , 2006, 34(12): 2285 – 2287.

(MAO Liuping, WANG Yaonan, SUN Wei, et al. An adaptive con-
trol using recurrent fuzzy neural network [J]. Acta Electronica Sinica,
2006, 34(12): 2285 – 2287.)

[12] ZHANG L J, QI X, PANG Y J. Adaptive output feedback control
based on DRFNN for AUV [J]. Ocean Engineering, 2009, 36(9/10):
716 – 722.

[13] JAVADI J, BAGHERI A. An adaptive neuro-fuzzy sliding mode
based genetic algorithm control system for under water remotely op-
erated vehicle [J]. Expert Systems with Applications, 2010, 37(1): 647
– 660.

[14] , , , . L2

[J]. , 2011, 28(5): 645 – 651.
(ZHANG Lijun, JIA Heming, BIAN Xinqian, et al. Three-
dimensional path tracking control for an autonomous underwater ve-
hicle based on L-two disturbance attenuation method [J]. Control
Theory & Applications, 2011, 28(5): 645 – 651.)

[15] LI J W, SONG B W, SHAO C. Tracking control of autonomous un-
derwater vehicles with internal moving mass [J]. Acta Automatica
Sinica, 2008, 34(10): 1319 – 1323.

[16] KUMAR R P, KUMAR C S, SEN D, et al. Discrete time-delay con-
trol of an autonomous underwater vehicle: theory and experimental
results [J]. Ocean Engineering, 2009, 36(1): 74 – 81.

[17] , , , . AUV
[J]. , 2011, 26(10): 1452 – 1458.

(JIA Heming, CHENG Xiangqin, ZHANG Lijun, et al. Three-
dimensional path tracking control for an underactuated AUV based
on discrete – time sliding mode prediction [J]. Control and Decision,
2011, 26(10): 1452 – 1458.)

[18] GE S S, WANG C. Adaptive neural control of uncertain MIMO
nonlinear systems [J]. IEEE Transactions on Neural Network, 2004,
15(3): 674 – 735.

[19] CHENG L, HOU Z G, TAN M. Adaptive neural network tracking
control for manipulators with uncertain kinematics, dynamics and ac-
tuator model [J]. Automatica, 2009, 45(10): 2312 – 2318.

:
(1983–), , ,

, E-mail: jiaheminglucky99@126.com;

(1973–), , , ,

, E-mail: zhanglj@hrbeu.edu.cn;

(1981–), , ,

, E-mail: qixue@hrbeu.edu.cn;

(1982–), , ,

, E-mail: yanglixin@hrbeu.edu.cn.



<<
  /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 true
  /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 ()
  /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 [612.000 792.000]
>> setpagedevice


