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Robust reconfigurable tracking control of near space vehicle with
actuator dynamic and input constraints

ZHANG Qiang1,2, WU Qing-xian1, JIANG Chang-sheng1, WANG Yu-hui1

(1. College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing Jiangsu 210016, China;
2. School of Electrical Engineering, University of Jinan, Jinan Shandong 250022, China)

Abstract: We propose a robust reconfigurable tracking control scheme for the multi-variable and unstable attitude
system of the near-space vehicle (NSV) with parameter uncertainties, external disturbances, dynamic actuator and input
constraints. A second-order sliding-mode disturbance observer is used to reconstruct compound disturbances in the loops
of attitude and angular rate respectively. The backstepping method with integral filter is used to avoid the growing of differ-
ential orders in controller design. The robust terms offset the impact of the reconstruction errors on system performances.
By considering actuator dynamics, input constraints and jammed faults, we propose an online linear-matrix-inequality
(LMI) optimization distribution algorithm for tracking desired guidance commands. Simulation results show good tracking
control performances of the proposed method.

Key words: near space vehicle (NSV); sliding mode disturbance observer (SMDO); integral filters; backstepping; linear
matrix inequalities (LMI)
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2 NSV (NSV model and pro-
blem formulation)

NSV Winged-Cone ,
1 [17–18]

1 NSV

Fig. 1 NSV simulation model

NSV
, .

4 . , NSV

.

Lagrange ,
, NSV

, NSV
[18]:

Ω̇ = fs + Gsω + Ds, (1)

ω̇ = ff + GfM + Df , (2)

y = Ω, (3)

: Ω = [α β μ]T, ω = [p q r]T

, α, β, μ

, p, q, r ; fs =
[fα fβ fμ]T, ff = [fp fq fr]T ;
Gs Gf ; Ds = Δfs + ΔGsω +
ds(t),Df = Δff + ΔGfM + df(t)

, Δfs, Δff , ΔGs, ΔGf ,
ds(t),df(t) ; M = [lctrl mctrl nctrl]T

,
. Gf,δ

δact , Mact = Gf,δδact,

δact = [δe δa δr δx δy δz]T.

δe, δa, δr, δx, δy, δz

3
.

δ1 � δe, δ2 � δa, δ3 � δr, δ4 � δx, δ5 �
δy, δ6 � δz. :{ − δi � δi � δ̄i,

δ̇i � δ̇i � ˙̄δi,
(4)

: 1 � i � 6, δi, δ̄i, δ̇i,
˙̄δi δi

.
fs,ff , Gs, Gf

Gf,δ :⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

fα =
1

MV cos β
(−q̂SCL,α+

Mg cos γ cos μ − T sin α),

fβ =
1

MV
(q̂SCY,ββ + Mg cos γ cos μ−

T sin β cos α),

fμ =
1

MV
q̂SCL,α(tan γ sin μ + tanβ) − g

V
×

cos γ cos μ tanβ +
1

MV
q̂SCY,ββ tan γ×

cos μ cos β +
T

MV
[sinα(tan γ sin μ+

tanβ) − cos α tan γ cos μ sin β],
(5)⎧⎪⎨

⎪⎩
fp = I−1

xx [laero − qr(Izz − Iyy)],
fq = I−1

yy [maero − pr(Ixx − Izz)],
fr = I−1

zz [naero − pq(Iyy − Ixx)],
(6)



10 : 1265

Gs =

⎡
⎢⎣tanβ cos α 1 − tanβ sin α

sin α 0 − cos α

sec β cos α 0 sec β sin α

⎤
⎥⎦ , (7)

Gf = diag{I−1
xx , I−1

yy , I−1
zz }, (8)

Gf,δ =

⎡
⎢⎣gp,δe gp,δa gp,δr gp,δx

0 0
gq,δe gq,δa gq,δr 0 0 gq,δz

gr,δe gr,δa gr,δr 0 gr,δy 0

⎤
⎥⎦ , (9)

: M , V NSV ; q̂ ; S
; T ; CL,α, CY,β

NSV ; Ixx, Iyy,
Izz x, y z ; laero, maero,
naero x, y z

; Gf,δ NSV .

(1) (2) NSV
. ,

, Ωd

δcmd, NSV Ω Ωd.
(9) , Gf,δ ,

NSV . ,
, ,

,
.

, 2
.

2 , :

1) NSV ,
NSV ,

,
;

2) ,
,

.

2 NSV

Fig. 2 the diagram of NSV attitude control system with actuators dynamic and limited input

,

x1 � Ω, x2 � ω, x̄2 � [xT
1 xT

2 ]T,

f1(x1) � fs, f2(x̄2) � ff ,

G1(x1) � Gs, G2(x̄2) � Gf ,

D1 � Ds, D2 � Df .

, f1(x1) f1.

3 (Second order
sliding-mode disturbance observer design)

(sliding mode disturbance
observer, SMDO) ,

, [19–20] SMDO
, [19–20]

,
. , [21–22]

SMDO,

. [19–20] ,
[21–22] ,

.

, ,
(second order sliding mode disturbance

observer, SOSMDO),
, .

SMDO , ,
.

:

1 .

2 Di(i ∈ {1, 2})
,

Ci > 0 :

‖αi(·)‖∞ = sup
t∈[0,∞)

∥∥∂Di

∂t

∥∥ � Ci, i ∈ {1, 2}.(10)

1 NSV (1)–(3),
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1 2, :⎧⎪⎪⎨
⎪⎪⎩

si = xi − zi,

żi = Kisi + φi + D̂i,

˙̂
Di = ξisgn si,

(11)

: i ∈ {1, 2}, si = [si1 si2 si3]T ∈ R
3

; Ki = diag{ki1, ki2, ki3} ∈ R
3×3

; φ1 = f1(x1) + G1(x1)x2, i = 1;
φ2 = f2(x̄2) + G2(x̄2)M , i = 2; D̂i

, ; sgn si = [sgn si1

sgn si2 sgn si3]T. ξi > Ci ,
si ṡi .

(1)–(2) (11),

ṡi = −Kisi + Di − D̂i, i ∈ {1, 2}. (12)

2 , (12) , (11)

s̈i + Kiṡi = −μisgn si, (13)

μi ∈ [ξi − Ci, ξi + Ci].
Lyapunov :

Vi =
3∑

j=1

1
2
[sij ṡij ]Pij [sij ṡij ]T +

aijμ
� sij

0
sgn sijdsij , (14)

:

Pij =

[
pij1 pij3

pij3 pij2

]

, pij1pij2 > p2
ij3

, pij1 =
kijpij3, pij2 = aij , pij2kij > pij3.

(14) , (13)
Pij

V̇i =
3∑

j=1
[ṡij s̈ij ]Pij [sij ṡij ]T + aijμṡijsgn sij =

3∑
j=1

pij1sij ṡij + (pij2ṡij + pij3sij)(−kij ṡij −

μsgn sij) + pij3ṡ
2
ij + aijμṡijsgn sij =

3∑
j=1

−(kijpij2 − pij3)ṡ2
ij − μpij3sijsgn sij .

(15)

sij �= 0 ṡij �= 0 , V̇i < 0. ,
si ṡi

. .

1 [19–20] SMDO ,

.

, .

2 [6, 15–16] [5]

, ,

.

4 SOSMDO (Based
on SOSMDO robust controller design )

NSV (1)–(3) , back-
stepping . xd

2

= −[pd qd rd]T ,
.

backstepping ,
,

, ,
NSV .

,
v :⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

˙̂
λ1 = − λ̂1 − v

ρ1
− ξ1(λ̂1 − v)

||λ̂1 − v|| + ζ1

,

˙̂
λ2 = − λ̂2 − ˙̂

λ1

ρ2
− ξ2(λ̂2 − ˙̂

λ1)

||λ̂2 − ˙̂
λ1|| + ζ2

,

(16)

: ρi , ξi ζi ,
i ∈ 1, 2, λ̂1 v , λ̂2

˙̂
λ1 , v̇

.

,
:

3 y(t) yd(t)
, G1, G2 .

1 [23] α1, α2, α3, γ1 ∈ K∞,
ς1 > 0 V : R

n → R
+

u{
α1(||x||) � V (x) � α2(||x||),
V̇ (x) � −α3(||x||) + γ1(||u||[0,t)) + ς1

(17)

, ẋ = f(x,u) [0, t)
.

4.1 (Controller design of
attitude angle loop)

,
NSV (1) xd

2 ,
, .
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e1 = y − yd.
3 , e1 , (1)

ė1 = f1 + G1x2 + D1 − ẏd, (18)

D1 . 1 , D1

SOSMDO . 3 ,
xd

2{
xd

2 =G−1
1 (−Λ1e1−f1−D̂1+ẏd+r1),

r1 = −τ1e1,
(19)

: Λ1, τ1 > 0
; D̂1 SOSMDO

; r1

. Λ1 = λmin(Λ1) Λ1 ,
eD1 = D1 − D̂1 .

, Lyapunov V1 =
1
2
eT

1 e1, (18) V1

(19) young

V̇1 = eT
1 (f1 + G1x2 + D1 − ẏd) =

eT
1 (−Λ1e1+G1(x2−xd

2)+D1−D̂1+r1) �

−Λ1||e1||2+eT
1 G1(x2−xd

2)+
||eD1 ||2

4
τ1, (20)

: eT
1 G1(x2 − xd

2)
. (20) , ||x2 − xd

2 || → 0 ,
||e1|| , Ω

Ωd.

4.2 (Controller design
of angular rate loop)

,
x2 xd

2 ,
M .

e2 = x2 − xd
2 , ,

(2)

ė2 = f2 + G2M + D2 − ẋd
2 . (21)

e2 (20) ,
M⎧⎪⎪⎨

⎪⎪⎩
M = G−1

2 (−Λ2e2 − f2 − D̂2 + λ̂2−
GT

1 e1 + r2),

r2 = −τ2e2,

(22)

: Λ2, τ2 > 0 ,
; D̂2 SOSMDO
; λ̂2 xd

2 (16) ;
r2

. Λ2 = λmin(Λ2) Λ2 ,
eD2 = D2 − D̂2

.

, ,

Lyapunov V = V1 +
1
2
eT

2 e2.

(20) , V (20), (21)–
(22)

V̇ = V̇1 + eT
2 (f2 + G2M + D2 − ẋd

2) �
2∑

i=1
−Λie

T
i ei +

||eDi ||2
4

τi. (23)

, NSV
. .

3 NSV ,

.

backstepping ,

.

4.3 (Stability analysis)
, .

2 NSV (1)–(3), 1–
3, SOSMDO (11) (19)(22) , NSV

ei(i ∈ {1, 2}) [t0, t)
eD , KL β1, K∞

α1, γ1,

α1(||ei(t)||) � β1(||ei(t0)||, t) +

γ1(||eD||[t0,t)), t � t0 (24)

, ||eD|| = max
i=1,2

(||eDi ||2).
(23)

V̇ � −κV + ςeD, (25)

: κ = min
i=1,2

(Λi), ς = max
i=1,2

(
1
4
τi). 1 ,

δ > 0 ||eD|| � δ .
(1)–(3) Lyapunov V 1,

. .

5 (Dynamic control allocation)
NSV

(22) ,
. ,
[5–6, 16] ;

[24] ,
; ,

[25]
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,
; [26] X-33

.

[5–6, 16, 24–26] ,
, ,

NSV . , LMI
, NSV .

NSV
,
,

. ,
, LMI ,

,
NSV .

5.1 (Discrete space descrip-
tion of actuator)

Eular (4)

δi(k) + δ̇iT � δi(k + 1) � δi(k) + ¯̇
δiT, 1 � i � 6,

T . (4) ,
i (4)

δi(k + 1) � δi(k + 1) � δ̄i(k + 1), 1 � i � 6,

(26)
:

δi(k + 1) = max{δi min, δi(k) + δ̇iT},
δ̄i(k + 1) = min{δi max, δi(k) + δ̇iT}.

(4) (26),
6 :{
xact(k + 1) = Aactxact(k) + Bactδcmd(k),
δact(k) = Cactxact(k),

(27)

s.t. δ(k + 1) � δact(k + 1) � δ̄(k + 1), (28)

: Aact, Bact, Cact T

,

δ(k + 1) = [δ1(k + 1) · · · δ6(k + 1)]T,

δ̄(k + 1) = [δ̄1(k + 1) · · · δ̄6(k + 1)]T.

NSV ,
, . ,

δact(k) = δs(k) + δ−s(k), (29)

: δs(k) = [0 · · · 0︸ ︷︷ ︸
i−1

δis 0 · · · 0]T ∈ R
6(1 �

i � 6) i ; δ−s(k) =
[δ1 · · · δi−1 0 δi+1 · · · δ6]T (27) .

:

4 (Aact, Bact, Cact) ,
CactBact .

5 .

4 , T , (27)
δact(k + 1) δcmd(k) .

(9) , M(k)
k + 1 ,

M(k) = Mact(k + 1) = Gf,δ(k + 1)δact(k + 1),

(30)

(9) , (30) δact(k) .
,

(27) ,
(30) .

5.2 LMI (Dynamic al-
location algorithm with online LMI)

, ||M(k) −
Mact||, ||δact(k)||.

NSV , :

J = δact(k + 1)TW 2
δ δact(k + 1) + (M −

Gf,δ(k + 1)δact(k + 1))W 2
M(M −

Gf,δ(k + 1)δact(k + 1)), (31)

: Wδ = diag{wδ1 , wδ2 , · · · , wδ6} ∈ R
6×6,WM

= diag{wM1 , wM2 , wM3} ∈ R
3×3

. θ > 0,
(31) :

θ − J > 0, (32)

(27) (28)
(29), (31) (32), schur ,

(32) :

min
δcmd(k)

θ,

s.t.

⎡
⎢⎣ θ A TWδ BTWM

WδA I 0
WMB 0 I

⎤
⎥⎦ > 0, (33)

:

θ>0, A =δact(k + 1), B=M − Gf,δ(k + 1)A ,

eiδact(k + 1) − eiδact(k + 1) > 0, 1 � i � 6,

ej δ̄act(k + 1) − ejδact(k + 1) > 0, 1 � j � 6,

: ei, ej ; δact(k + 1), δ̄act(k +
1), δact(k + 1) (27)–(29).
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4
, WM

Wδ .

5 (33) ,

LMI .

.

. NSV

, .

T = 0.01 s.

6 (Simulation analysis)
NSV M =136080 kg,

V0 =2200 m/s, T =400 kN,
H0 = 27 km,

α0 = 0.0◦, β0 = 1.0◦, μ0 = 0.2◦, p0 = q0 =
r0 = 0 rad/s, :

δmin = −[30 30 30 15 15 15] (◦),

δmax = [30 30 30 15 15 15] (◦),

δ̇ = −[60 60 60 30 30 30] (◦)/s,
¯̇
δ = [60 60 60 30 30 30] (◦)/s.

30% ,
t = 0 s

d f(t) =

[6.0 × 105(cos(9t) + 0.3) 1.2 × 105(sin(9t) + 0.1)

2.5 × 105 cos(9t)]T N · m,

t = 0.5 s dz ;
yd = [3.0◦ 0◦ 1.5◦]T.

, 3
2

s + 2
.

,
SOSMDO : v1 = 0.5, v2 = 1.

: ζ1 = ζ2 = 1.1. :

Λ1 = diag{1, 1, 3}, Λ2 = diag{5, 5, 5},
τ1 = 30, τ2 = 50.

Wδ = I6×6, WM = 100I3×3.

,
,

LMI , SOSMDO
[20] SMDO ,

3–4 . , SMDO

,
50

s + 50
[20]

, 5 .

3 x1(Ω1)

Fig. 3 Time response of attitude angle x1(Ω1)

4 δ

Fig. 4 Time response of control surface δ
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5
Fig. 5 Reconstruction effect of compound disturbance in

angular rate loop

3 , NSV ,
, ;

SOSMDO [20] SMDO

, , .
4 t = 0.5 s dz (33)

LMI ,
. 4 ,

LMI .
5 [20] SMDO SOSMDO

.
SOSMDO [20] SMDO , SOS-

MDO ,
.

NSV ,
SOSMDO , [16]

, 6 .

6 NSV ( [16] )
Fig. 6 Attitude control performance of NSV with actuator dynamic and input constraints (the algorithm of

pseudo-inverse allocation in reference [16])

6 ,
NSV ,

,
NSV ,

NSV .
.

7 (Conclusions)

NSV . NSV
,

, backstepping
. ,

. ,
,

LMI ,
NSV .
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, NSV
.

(References):

[1] , , .
[J]. , 2011, 28(10): 1496 – 1505.

(HUANG Lin, DUAN Zhisheng, YANG Jianying. Challenges of con-
trol science in near space hypersonic aircrafts [J]. Control Theory &

Applications, 2011, 28(10): 1496 – 1505.)

[2] YOUNG M, KEITH S. An overview of advanced concepts for near-
space systems [C] //The 45th AIAA/ASME/SAE/ASEE Joint Propul-
sion Conference & Exhibit. Denver, CO: American Institute of Aero-
nautics and Astronautics, 2009: AIAA – 2009 – 4805.

[3] JOYCE P J, POMROY J B, GRINDLE L. The hyper-X launch vehi-
cle: challenges and design considerations for hypersonic flight test-
ing [C] //AIAA/CIRA the 13th International Space Planes and Hyper-
sonics Systems and Technologies. Reston, VA: American Institute of
Aeronautics and Astronautics, 2005: AIAA – 2005 – 3333.

[4] , . [J]. , 2009,
39(6): 756 – 765.
(WU Hongxin, MENG Bin. Review of the control of hypersonic flight
vehicles [J]. Advances in Mechanics, 2009, 39(6): 756 – 765.)

[5] CHENG L, JIANG C S, PU M. Online-SVR-compensated nonlinear
generalized predictive control for hypersonic vehicles [J]. Science in
China (Series F), 2011, 54(3): 551 – 562.

[6] DU Y L, WU Q X, JIANG C S, et al. Robust predictive control for
hypersonic vehicles using recurrent functional link artificial neural
networks [J]. International Journal of Innovative Computing, Infor-
mation and Control, 2010, 6(12): 5351 – 5365.

[7] XU H J, IOANNOU P A, MIRMIRANI M. Adaptive sliding mode
control design for a hypersonic flight vehicle [J]. Journal of Guid-
ance, Control and Dynamics, 2004, 27(5): 829 – 838.

[8] HARL N, BALAKRISHNAN S N. Reentry terminal guidance
through sliding mode control [J]. Journal of Guidance, Control and
Dynamics, 2010, 33(1): 186 – 199.

[9] JIANG B, GAO Z F, SHI P, et al. Adaptive fault-tolerant tracking
control of near space vehicle using Takagi-Sugeno fuzzy models [J].
IEEE Transcations on Fuzzy Systems, 2010, 18(5): 1000 – 1007.

[10] SONNEVELDT L, CHU Q P, MULDER J A. Nonlinear flight con-
trol design using constrained adaptive backstepping [J]. Journal of
Guidance, Control and Dynamics, 2007, 30(2): 322 – 336.

[11] LUO Y, YEH Y H, ISHIHARA A K. Adaptive backstepping de-
sign for a longitudinal UAV model utilizing a fully tuned frow-
ing radial basis function network [C] //AIAA Infotech@Aerospace.
St. Louis, MO: American Institute of Aeronautics and Astronautics,
2011: AIAA – 2011 – 1451.

[12] FARRELL J, SHARMA M, POLYCARPOU M. Backstepping-based
flight control with adaptive function approximation [J]. Journal of
Guidance, Control and Dynamics, 2005, 28(6): 1089 – 1102.

[13] FIORENTINI L, SERRANI A, BOLENDER M A, et al. Nonlinear
robust adaptive control of flexible air-breathing hypersonic vehicles
[J]. Journal of Guidance, Control and Dynamics, 2009, 32(2): 401 –
416.

[14] , , , . backstepping
[J]. , 2008, 25(5): 805 – 810.

(GAO Daoxiang, SUN Zengqi, LUO Xiong, et al. Fuzzy adaptive
control for hypersonic vehicle via backsteeping method [J]. Control
Theory & Applications, 2008, 25(5): 805 – 810.)

[15] LI X D, XIAN B, DIAO C, et al. Output feedback control of hyper-
sonic vehicles based on neural network and high gain observer [J].
Science in China (Series F), 2011, 54(3): 429 – 447.

[16] XU Y F, JIANG B, TAO G, et al. Fault tolerant control for a class of
nonlinear systems with application to near space vehicle [J]. Circuits
System and Signal Process, 2011, 30(3): 655 – 672.

[17] SHAUGHNESSY J D, PINCKNEY S Z, MCMINN J D, et al. Hy-
personic vehicle simulation model: winged-cone configuration [M]
// NASA Technical Memorandum, 102610. Hampton, VA: National
Aeronautics and Space Administration Langley Research Center,
1990.

[18] . [D].
: , 2010.

(DU Yanli. Study of nonlinear adaptive attitude and trajectory control
for near space vehicles [D]. Nanjing: Nanjing University of Aeronau-
tics and Astronautics, 2010.)

[19] LU Y S. Sliding-mode disturbance observer with switching-gain
adaptation and its application to optical disk drives [J]. IEEE Trans-
actions on Industrial Electronics, 2009 , 56(9): 3743 – 1328.

[20] BESNARD L, SHTESSEL Y B, LANDRUM B. Quadrotor vehicle
control via sliding mode controller driven by sliding mode distur-
bance observer [J]. Journal of the Franklin Institute, 2012, 349(2):
658 – 349.

[21] , , , . SMDO
[J]. , 2011, 35(5): 873 – 880.

(ZENG Xianfa, WANG Jieyao, WANG Xiaohu, et al. Design of slid-
ing mode controller based on SMDO and its application to missile
control [J]. Acta Aeronautica et Astronautica Sinica, 2011, 35(5): 873
– 880.)

[22] HALL C E, SHTESSEL Y B. Sliding mode disturbance observer-
based control for a reusable launch vehicle [J]. Journal of Guidance,
Control and Dynamics, 2006 , 29(6):1315 – 1328.

[23] KHALIL H K. Nonlinear Systems [M]. 3rd Edition. New Jersy: Pren-
tice Hall, 2002: 162 – 180.

[24] YANG L Y, FAN Y M, SHAO S, et al. Control allocation and manage-
ment of redundant control effectors based on bases sequenced method
[J]. Science in China (Series F), 2010, 53(2): 577 – 583.

[25] , , . RLV
[J]. , 2010, 32(8): 1973 – 1976.

(HE Chenglong, CHEN Xin, YANG Yidong. Mixed programming
control allocation for reusable launch vehicles using dynamic inverse
calculating [J]. Systems Engineering and Electronics, 2010, 32(8):
1973 – 1976.)

[26] BURKEN J J, PING L. Two reconfigurable flight control design
methods: robust ervomechanism and control allocation [J]. Journal
of Guidance, Control and Dynamics, 2001, 24(3): 482 – 493.

:
(1980–), , , ,

, E-mail: zhang−hongyu198023

@163.com;

(1955–), , , ,

, E-mail: wuqingx-

ian@nuaa.edu.cn;

(1942–), , , ,

, E-mail: jiangchangsheng@nuaa.edu.cn;

(1980–), , , ,

, E-mail: wangyuhui@nuaa.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


