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Abstract: This paper presents a unified perspective for geometric and algebraic criteria for the reachability and controllability
of switched linear systems. The direct connection between the geometric and algebraic criterion is established as well as that
between the subspace algorithm for controllability/reachability and other algebraic criterion. In particular, we investigate the
reachability realization problem for a class of controlled switched linear discrete-time systems. Both aperiodic and periodic

switching sequences are designed to solve the problem.
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1 INTRODUCTION

Switched systems are referred to as control systems that con-
sist of a finite number of subsystems and a logical rule that
orchestrates switchings among them. The study of such sys-
tems is significant from both practical and theoretical point
of view. A challenging topic in switched systems is to evalu-
ate the effect of switched control on the system operation.
It is usually formulated as the controllability problem of
switched systems [> 14 131, For switched systems the study of
controllability and reachability is difficult because of the in-
volvement of both continuous and discrete dynamics as well
as continuous and discrete controls. Since both the control
input and the switching sequence are design variables, the
reachability and controllability cannot be investigated thor-
oughly without considering the role of switching sequences.
This motivates the study of switching mechanism in the con-
trollability and reachability analysis -1, Most results along
this line consist in how to find a switching sequence in a con-
structive way with its reachable/controllable state set equal-
ing the overall reachable/controllable set of the system. Here
we call it the reachability/controllability realization prob-
lem. It should be noted that a switched linear system is
essentially a nonlinear one with switching functions acting
as controls. The controllability of switching systems de-
serve further study from the general nonlinear control point
of view 181, Most results on controllability and reachability
of switched linear systems were expressed in terms of ge-
ometric symbols (e.g. [1, 3, 7, 9-11]), while a few others
algebraic (e.g. [2, 12]). The geometric criteria have the ad-
vantage of a straightforward characterization of the reach-
able/controllable subspace, while the algebraic criteria can
be checked and manipulated more conveniently. It is worth
noting that there is a lack of systematic perspective on the
connections between these two kinds of results as well as the
related subspace-based algorithms. In this paper, we present
not only these connections but also some improved geomet-
ric and algebraic criteria. Also the relationship between the
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existing subspace-based algorithms is revealed.

2 DEFINITIONS AND SUPPORTING LEM-
MAS

A switched linear discrete-time system is described by

(k4 1) = Ay (k) + Boryu(k) €))

where (k) € R” is the state, u(k) € RP the input,
o(k) : {0,1,---} — A = {1,---,m} is the switching
path to be designed.Throughout the paper, we assume that
the discrete-time switched system (1) is reversible [10]. A
natural number £ is said to be a switching instant of the
switching sequence if o (k) # o(k—1). Lettq,ta,- -+ , s be
the ordered switching instants with 0 < t; < to < --- < t,.
The sequence 0,t1,--- ,ts is said to be the switching in-
stant sequence of o. A switching sequence 7t with length
L(m) s is denoted by 7 {(i0, ho) -+ - (is—1hs—1)},
where 0, ho, hg + h1,-- -, Zj;é h; is the switching instant
sequence, ig = 0(0),i1 = o(hg), is—1 = U(E;;g h;) is
the switching index sequence. Setk = {0,--- ,k — 1}. We
recall some definitions % 11,

Definition 1 State x is reachable, if there exist a time in-
stant £k > 0, a switching path ¢ : £k — A, and inputs
u : k — R™, such that (0) = 0, and z(k) = z. The reach-
able set of system (1) is the set of states which are reachable.
System (1) is said to be (completely) reachable, if its reach-
able set is R™. The controllability counterpart can be given
by replacing ‘z(0) = 0, and z(k) = 2’ with ‘2(0) = z and
x(k) =0".

Definition 2 Given a switching sequence 7t {(i0, ho)

-+ (i5—1,hs—1)}, the reachable state set of 7t is defined by

J(n) = {z| Jinputs u(i),i € s, suchthat x(0)
s—1

Oand (3>, hy) = z}.

Definition 3 Given a switching sequence m = {(ig, ho)
-+ (i5-1,hs—1)}, the controllable state set of 7t is defined
by C(mr) = {z| 3 inputs wu(i),i € s, suchthat z(0)
v and z(352g h;) = 0}.



Lemmal ™ Given a switching sequence n =
{(i0,ho) - -~ (is—1,hs—1)}, the reachable state set of 7t
is a linear space described by

ho1 o pM {B
1 1

i

hs—1 hsg_2—1
+ Ais_l Im [Bis—szis—zBis—w T 7Ais_2

Ahs*lilBiS,l]

fuaa AL
where Im(-) denotes the image space of a matrix.

ﬂ(n):A i07AiOB

ho—1
io""vAiOO Bm:l_;,....
Bis—Q}

+Im [Bikl ,Ai, B

We denote by .7 and % the set of all reachable and con-
trollable states of systems (1), respectively. Clearly, 7 =
Uy 7 (7). Given a switching sequence 7w = {(ig, ho) - - -
(ts—1,hs—1)}, denote A = ngs_l AZ?, where the prod-
uct notation is to be read left-to-right, i.e., szl X; =
X1X5 -+ X,. The following result is straightforward from
Lemma 1.

Lemma 2 ! Given switching sequences 71; and 7o,

3(7'[1 A\ 7'[2) = Aﬂzy(ﬂfl) + 3(712).

Given A € R™*" and a linear subspace # C R", we de-
note (A|W) = Y. AT . (A|¥) is a minimum A-
invariant subspace that contains % . Define the following
subspace sequence &; = > J_ ATy i = 1,2,---.
Clearly (A|#) = 2,. Let ¥ be the integer such that
Y =min{j | &; = P41, j = 1,2,---}. In association
with A, we denote by p the degree of its minimal polyno-
mial.

Lemma 3 3! Given a matrix A € R™*™, and a linear sub-
space # C R™,

P =Py, forallj>d

with 9 satisfying ¢ < min{n — dim % + 1, p}.

Remark 1 An immediate consequence of this lemma is
(AlW) = Zle A=y . For the convenience of statement,
we hereafter call ¢ the (A, #)-invariant subspace index.

Lemma4 !l Given a switching sequence 7, .7 (t\") =

(Ar| 7 (m)) -

Combining this lemma with the property of invariant sub-
space and the non-singularity of 4;, i € A, yields

Apns T ("™ = T (n""), Vs=1,2,--- (2)

For any matrices A € R"*™ and B € R"*P set B :=Im B.
We need the following subspace sequence 3 191,

N=Y B li=Y (A%ia),i=23, ()
s=1 s=1

Define ¥ = > .o, . It follows that .7 (m) C . This
yields 7 C ¥. Furthermore, the following result holds.

Lemma 5 1% !l For discrete-time switched linear systems
(), T =¥ =C.

Let ¢ = min{i| ¥ = %41, i = 1,2,-- - }. It can be readily
seen that ¥4 C ¥ C --- C ¥, and ¥ = ¥,,. Obviously, i
is fixed once the switched system (1) is given. Furthermore
u < n—d; + 1. Hereafter, we call i the joint invariant sub-
space index of (A1, -+, Ay; Bi,-- -, B, and denote by
d; the dimension of 7#;, i.e.,d; =dim%;, i =1,2,--- | u.

3 A UNIFIED PERSPECTIVE ON REACHA-
BILITY AND CONTROLLABILITY CRITE-
RIA

3.1 Geometric and Algebraic Criteria

Let w; ;, 4,j = 1,---,m, be the (A;, B;)-invariant sub-

space index, and ¥; j, 1 =1,--- ,m;j =1,---,u—1, the

(A;, ¥;)-invariant subspace index. Denote by p; the degree

of the minimal polynomial of A;. It follows from Lemma 3

that ¥; can be written in the form

m Os,i—1

V= > AT, i=23, 0 (4

s=1 j=1
with ¥, ;_1, the (A, #;_1)-invariant subspace index,
Vi1 <min{n—d;—1 +1,ps},s=1,---,m 5)
t=2,---, 1, and w; ; satisfying
w; ; < min{n —dimB; + 1, p; } 6)
Set ¥; = max{w; s, U ;8 = 1,---
1},i = 1,--

1,---,m}, pSmax{ps, s = 1,---,m}. By (5), (6), and
the inequality 1 < 8 < diy < dy < -+ < dy—1 <
d, = dim?, one has ¥; < min{n — § + 1,p},i =

7m7] = ].,"',,LL—

,m, and denote ﬁémin{diml’j’j,j =

1,---,m. Accordingly, n — ¢; > 0 and one can intro-
duce the following definition A(d; +5) £{0,1, -+ ,9; —
1+4517=01,-,n—9}i=1--- m. Note that

A(Y;) é{0, 1,---,9; —1},4 = 1,--- ,m. Thus we asso-
ciate with each subsystem matrix A; a nonnegative inte-
ger set A(1J;), which is the smallest one in the sense that
A(;) C AW +37), 5=1,2,--+ ,n —9;. To proceed, we
need to define the following subspaces

M (L, 2y y)
FREAWiyHliy ) k=1, u—1

= >

10, slpu—1 €A

AT ALB, (D)

where [;, € {1,2,---,n—9;,}; s=1,--- ,u— 1. In par-
ticular, whenl;, = --- =1 = 0, expression (7) becomes

Tp—1
to
J1EAWD iy )y du—1€AW, )
A Ju—1 Ji
M= g Aiﬂ,l Ay Biy o (8)
90, 5iu—1€A

Since A(¥;,) C A(Y;, +1;,), it follows from (7) and (8)
that for an arbitrary [;, € {1,2,---,n — ¥;.}; M C
m (li1 AN liu—l) , which means the inclusion is true for an
arbitrary group of integers {;,,--- ,1;,_, } with at least one
nonzero element.Finally, combining (3), (4) with (8) yields

JREA(Diy ) k=1, u—1

=X

i0, iu—1€EA

ApTL o ALB = ()

Since ¥" = ¥,,, by Lemma 5, we have the following result.



Theorem 1 The switched linear discrete-time system (1) is
reachable if and only if

M =R"

Remark 2 The contribution of Theorem 1 consists in pro-
viding a simplified geometric characterization for the reach-
ability subspace 7, i.e. 7 = 9. More specifically, 7 was
written in [1] in the form

J1y s Jn—1€{0,--- ,n—1} ‘ .
7= > AL ALB,(10)
90, yin—1€EA
which clearly corresponds in (7) to the case 4 = n with

li, =n—1;,s=1,---,n. The difference between (8) and
(10) lie in (a): The number of multiplying matrices involved
in each adding term in (8) is u (< n — d; + 1) which is
not greater than n, the same kind of number in (10) as p
in (8). Consequently, the number of adding terms in (10) is
greatly reduced in (8), especially when y is much less than
n. (b): The maximum number of power in association with
each multiplying system matrix A;_in (10)is n — 1, which
is reduced to ¥;, — 11in (8), i; € A. Note that by (5) and (6)
¥, < min{n —dim B;, + 1, p;_ }.

Next we demonstrate the corresponding algebraic criteria for

Theorem 1. Let ¢1,--- ,i,—1 € A be given. Define at first
the following m matrices fors = 1,--- ,m,
(E'u_l(s7 ila e 7i,u—1)
4 [A-jﬂ*l -~-Angs} (11)
pot ! J1EAWiy )y Ju—1€A(s,_,)
Then define
— A i . .
Q‘/ 1(8): [(E/ 1(3,21,-.- ’Z”_l)]il,m,iu,leA (12)
Let
M = [Ql“_l(l) Ar=L(2) - Ql“_l(m)} (13)

We have the following Kalman-type rank criterion for reach-
ability.

Theorem 2 The switched linear discrete-time system (1) is
reachable if and only if the controllable matrix M is of full
row rank, i.e.

rankM =n
Proof From (9), 7,, can be written in the form
¥, = Afﬁii"'A3131+"'
i1y 1 €N G EAD;, ) k=1, p1
+ > Aj:jf Al B, (14)

i1, i1 €A G EA(Y) ) k=1, ,u—1

By (11), for a group of given iy, -+ , 4,1,
Im E* (s, 41,0+ d,-1)
- Z AZ'Z:II~~~AZ:BS,5:1,~~,m
JREA(D:, ) k=1, u—1
Furthermore, it follows from (12) that fors =1,--- ,m
Im 2A*1(s)
- X > AZ) - ALB,

i1, i1 €A jREA(, ) k=1, ,u—1
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Combining this with (13) and (14) yields InM = 7,,. The
result then follows from Lemma 5.

The algebraic conditions on controllability were recently
studied in [2, 12] by employing a concept of joint control-
lability matrices. We revisit this concept. Define

ki oo s VAT pdk . pd2 g0 g

x (7/17 7”@) {Azk A7‘2A21 B“]jh e R€{0,1, =1}
Then let Eo(i) = =®l(4), -, EFG =
[k 1 (i i1, ,ik)|i,. iren. The joint controllability

matrices can be iteratively defined as W0 = [A°(1)&E(2)

L EO(m)], -, WF = [BF(1)E*(2) - - BF(m)]. There
exists a joint controllability coefficient k, of the system
defined by k, = arg mlin {rank W' = rank W*+1} 2. Yang

proved that a necessary condition for the controllability is
rank W* = n. Then Stikkel, Bokor and Szab6 showed
that this condition is also necessary provided that the
switching signal is exciting. So the algebraic criterion on
controllability has not been solved completely. In particular,
there are two questions related to it, which are: (a) Few
properties are known on k,., especially the exact value. So
we want to know whether there are any other characteriza-
tions for k,. (b) Whether can the exciting assumption on
switching signals be removed? There is a positive answer
for the second question in Theorem 2. To analyze the first
one, we present a modified version of joint controllability

matrlces Let (B°(i )A Bi,i=1,---,m. @iy, - ,ix)
= Al Al B . Define 2°(i) =

JLEA(Diy ), ik €EA(D4y,)
BO3) -, AR(GE) = [EF(i, iy, ,ik)}il,“‘,ike/\,
and WO RO AO(2) - A(m)], -+, Wh =
(2R (1) A¥(2) - A¥(m)] . It can be seen that the joint

controllability matrices defined in this way has the prop-
erty: ImW* = 7.1, k = 0,1,2,.... An immediate
consequence of this observation is the following result.

Theorem 3 The relationship between the joint controlla-
bility coefficient k,. and the joint invariant subspace index of
system (1) is

kr=p—1

Remark 3 Theorems 1 and 2 exhibit a direct connection
and correspondence between the geometric and algebraic
criteria. Theorems 1-3 not only present simplified geometric
and algebraic criteria for controllability and reachability of
switched linear systems, but also demonstrate these two cri-
teria in a systematic and unified way for the first time. At the
same time the relationship between the joint controllability
coefficient and the joint invariant subspace index is revealed.

3.2 Computational Issues and Other Algebraic Rank

Condition
Vo= B, M =Wo+) AW (19
j=1 Jj=1

Let#* = hm W}, itis proved in [12] that ImW*r = #/*,

With respect to the subspace sequence (15), we have



Proposition 1 The subspace sequence (15) can be equiva-
lently written as

WOZZB}, %HZ%-I-ZAJ'%
=1

Jj=1

(16)

As a consequence, if a nonnegative number 7 is defined by
v =min{k | # = #i4+1,k =0,1,---}, then
W CHWC--CHy=Wogr=--=W"=T amn

Proof We show it by induction. Clearly # Yo +
> iy Aj#o. Suppose Wi = Wi + >0, A;j#. Then

(i)

m
i+ A,
=1

m m
W2 =0 + Z AiWy1=Wo + Z Aj

)

Wy + Z AW,
=1

j=1

=% + Z <AjWk +A; Z AWy,

(g o) ol

m
=M1+ Y A Wega
j=1

m
+> A

j=1

o + Z AWy,
i=1

)

That is (16) holds. By (16) and the definition of -+, one has
Wo CWLC - CHWy=Wyr1 =+ =W7*. The equality
W = 7 follows by combing (10), Lemma 5 and the proof
of Proposition 1 in [12].

Remark 4 The subspace sequence (16) is exactly the one
used by Sun et al. in [3]. Proposition 1 tells us that the sub-
space sequences (15) and (16) are actually equivalent from
each other. The advantage of (15) lies in its simple form
while the subspace (16) possesses good property (17). By
Proposition 1, these two advantages can be combined to-
gether when one want to calculate the reachable/controllable
subspace for switched linear systems. In other words, one
can start computing #%,k = 0,1,2--- | according to (15)
which is simpler than (16), and stop the algorithm at most
within n — dim % steps because according to (17), v <
n — dim #4.

Next we state another algebraic criterion. Let
Fé[Blv 7B’m:AlBlz"' 7AlB'rna"' 7AmBly"' ,AmBm,

- AIB1,-- A} Bm, Al AaBy, - AY T As B, -
A;YnBly et ,A;Yan]

)

Theorem 4 The switched linear discrete-time system (1) is
reachable if and only if the matrix I' is of full row rank, i.e.
rank ' = n.

The proof is omitted due to the space limitation.

4 REACHABILITY REALIZATION FOR A
CLASS OF CONTROLLED SWITCHED
LINEAR DISCRETE-TIME SYSTEMS

Lemma 6 Given matrices By, By; if Aq,---, A; are suffi-
ciently close to the identity matrix I,,, then for an arbitrary
group of 41, -+ ,is € {1,--- ,t}, it satisfies

rank[B1, A1 - - Ay Ba] > rank[B1, Aj; As, - -+ A, Bal. (18)

Denote § := max;ea{dim B;}. The following lemma is re-
quired for the derivation of main result in this section.
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Lemma 7 ! With respect to the system (1), > ‘.

switching sequences L1, T s T 1, ",

Ty " Tuly 5Ty, can be designed so that
KN

T =Y, = > > T (m;) with n1,---,n, satisfying

i=1j=1

m < min{m,d;—p+1}; 1< < di—dim1,i =2, , u;
and the length L(7r; ;) of switching sequence 71; ; satisfying
L(T(’L',]) = e = L(T[i177i) = ’L7'L = 1’ TR

DenOte’yl :dla Tk =d _dk—17 k= 2,3, y e

Theorem 5 For switched linear discrete-time system (1)
with A; sufficiently close to the identity matrix, a single
switching sequence 7t can be designed such that

TR =Y, =T

p(p+1)

2

19)

where the length of 7 satisfies
Z:l kv — B+ 1.

< L(r) <

Denote m,, = {(io,ho)-'-(im_l,hm_l)} with 79 =
1, ,im—1 = m. Then m)F = m,, A -+ A, is a cyclic
—_——

k times
switching sequence with k switching periods, and the num-

ber of switchings involved in it is km.

Lemma 8 For positive integer k, if & < n,
then 7 (n)F) C  F(n)"). Otherwise, 7 (m)F) =

T (),

Theorem 6 For switched linear discrete-time system (1)
with Ay, - -+ | A,, sufficiently close to the identity matrix I,,,
it holds that 7 (mt)™) = 7.

5 CONCLUSION

The work presented in this paper contributes to the field by
providing a unified perspective for the controllability and
reachability algebraic and geometric criteria as well as the
corresponding subspace based algorithms. Some connec-
tions between the algebraic and geometric criteria are re-
vealed as well as that between the algorithms and the rank
conditions. We also studied the reachability realization prob-
lem for a class of switched linear discrete-time systems.
Both aperiodic and periodic switching sequences are de-
signed to solve the problem.

REFERENCES
(1]

Vk > n.

SUN Z, GE S S. Analysis and synthesis of switched linear
control systems. Automatica, 2005, 41(2): 181-195.

YANG Z. An algebraic approach towards the controllability
of controlled switching linear hybrid systems. Automatica,
2002, 38(7): 1221-1228.

SUN Z, GE S S, LEE T H. Reachability and controllability
criteria for switched linear systems. Automatica, 2002, 38(5):
775-786.

SUN Z. Sampling and control of switched linear systems.
Journal of the Franklin Institute, 2004, 341: 657-674.
JIZ,FENG G, GUO X. A constructive approach to reachabil-
ity realization of discrete-time switched linear systems. Syst.
Contr. Lett., 2007, 56(11-12): 669-677.

JIZ, WANG L, GUO X. Design of switching sequences for
controllability realization of switched linear systems. Auto-
matica, 2007, 43(4): 662-668.

XIE G, WANG L. Controllability and stabilizability of
switched linear-systems. Syst. Contr. Lett., 2003, 48(2): 135-
155.

(2]

(3]

[4]

(5]

(6]

(7]



(8]

(91

[10]

(11]

[12]

CHENG D, LIN Y, WANG Y. Accessibility of switched lin-
ear systems. IEEE Trans. Aut. Contr., 2006, 51(9): 1486-
1491.

XIE G, WANG L. Necessary and sufficient conditions for
controllability and observability of switched impulsive con-
trol systems. IEEE Trans. Aut. Contr., 2004, 49(6): 960-966.
GE S S, SUN Z, LEE T H. Reachability and controllability of
switched linear discrete-time systems. IEEE Trans. Autom.
Control, 2001, 46(9): 1437-1441.

XIE G, WANG L. Reachability realization and stabilizabil-
ity of switched linear discrete-time systems. J. Math. Anal.
Appl., 2003, 280(2): 209-220.

STIKKEL G, BOKOR J, SZABOZ. Necessary and sufficient

706

[13]

[14]

[15]

condition for the controllability of switching linear hybrid
systems. Automatica, 2004, 40(6): 1093-1097.

CHEN C, DESOER C, NIEDERLINSKI A, KALMAN R.
Simplified conditions for controllability and observability of
linear time-invariant systems.IEEE Trans. Aut. Contr., 1966,
11(3): 613-614.

PETRECZKY M. Reachability of linear switched systems:
Differential geometric approach. Syst. Contr. Lett., 2006, 55:
112-118.

KRASTANOV M I, VELIOV V M. On the controllability of
switching linear systems. Automatica, 2005, 41: 663-668.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Batang
    /BatangChe
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Dotum
    /DotumChe
    /EstrangeloEdessa
    /FangSong_GB2312
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FZSTK--GBK1-0
    /FZSY--SURROGATE-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /Impact
    /KaiTi_GB2312
    /Kartika
    /Latha
    /LiSu
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MingLiU
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NSimSun
    /NSimSun-18030
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PMingLiU
    /Raavi
    /Shruti
    /SimHei
    /SimSun
    /SimSun-18030
    /STCaiyun
    /STFangsong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 36
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 36
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 36
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings with Distiller 7.0 or equivalent to create PDF documents suitable for IEEE Xplore. Created 29 November 2005. ****Preliminary version. NOT FOR GENERAL RELEASE***)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


