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Abstract

As electricity demands and transactions in power markets constantly increase and incur huge
changing power flows, enhancement of transmission system loadability is becoming more
urgent than ever. Determination of the best reinforcement for networks can be formulated as a
mixed discrete-continuous nonlinear optimization problem (MDCP) to determine the
locations and capacities for installation of two types of flexible AC transmission systems
(FACTS) devices, namely static var compensator (SVC) and thyristor controlled series
compensator (TCSC). In the paper, a fitness sharing modified particle swarm optimization
(PSO) method is proposed to solve the MDCP. By combining the fitness sharing scheme into
the PSO process, the searching regions of the particles can be diversified as much as possible,
consequently largely raising the possibility to achieve the optimal solution.

Keywords:FACTS, fitness sharing technique, network congestion, particle swarm
optimization, transmission system loadability



HESR A=t FoM FPERE01IF4A H3A
Journal of Ching-Yun University, Vol.32, No.2 (2012)

I. Introduction

In order to cope with the constantly increasing electricity demands or huge changing
power flows resulted from economic development, and due to the difficulty to obtain
right-of-way and environmental issues, some parts of the transmission network should be
reinforced through installation of FACTS devices. As FACTS devices, TCSC, SVC and
unified power flow controller (UPFC) can be used to balance the transmission line flows and
system voltages, resulting in lower system losses and higher loadability. Effective methods
for locating these equipments become essential in order to meet the transmission service
requests in a competitive power market [1]. To determine suitable locations for FACTS
device installation and their control settings, the problem can be formulated as an MDCP
[2]-[5]; however, the computational requirement for this problem is high due to the large
search space for a practical system.

Aiming at various objectives, different methods have been proposed to determine optimal
locations and controls of FACTS devices. Continuation power flow (CPF) method was used
in [6] and [7] to derive the control schemes of FACTS devices to improve system security and
system loadability. Linear programming and mixed integer linear programming based optimal
power flow (OPF) methods were used in [8] and [9] to determine FACTS controls and load
shedding in order to relieve overload and irregular voltages after outages in pool and hybrid
electricity markets.

When the network voltage magnitudes are poor and indicate possible voltage collapse,
the eigen-vector analysis shown can be used to point out suitable locations for reactive power
compensations. A novel method was proposed in [10] to determine the locations, size and
control modes for SVC and TCSC to achieve a bifurcation point based maximum loadability.
Tangent vectors based loss sensitivity analysis was used in [11] to determine which buses
should be compensated under a competitive environment. With installed TCSC and UPFC
and based on specific generation pattern, a sensitivity-based repetitive linear iterative
approach (SRLIA) optimization algorithm was adopted to improve control performance and
enhance real-time loadability [12], [13]. A two step approach was used by the authors in [14]
to solve the problem. The locations suitable for SVC and TCSC installations are first
determined by using analytical approaches, such as eigen-vector, tangent vector and real
power flow performance index (PI) sensitivity factor. Then, OPF techniques are used to
determine the best controls of the installed SVC and TCSC and other controllable devices to
achieve maximum system loadability.

Because of the nonlinear, nonconvex or even discrete inherence of the planning problem,
original Newton type optimization methods will have difficulties in obtaining the global
optimum. Alternatively, evolutionary computation methods have been used for this purpose in
system planning areas [15]. Evolutionary techniques such as genetic, hybrid tabu search,
simulated annealing [16]-[18] and particle swarm optimization (PSO) algorithms are also
proposed to solve the system loadability problem [19]-[21].

3
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As described in [15], when PSO applied to power system planning, to ensure the search
diversity of population seems to be the main difficulty when the algorithm is approaching the
region of local or global optimum. While in the proposed method, the fitness sharing scheme
is combined into the solution process such that the searching regions of the particles can be
diversified as much as possible through the computation [22].

This paper is organized as follows: Section II presents the detailed formulation of the
MDCP. Section III describes the PSO-based solution algorithm for the MDCP, in which all
discrete variables are treated as continuous variables first and change to nearest discrete
values upon convergence. The fitness sharing scheme combined into the solution process of
PSO for updating particles is presented in Section VI. The performance of the proposed
method is validated with the detailed studies for the modified IEEE-14bus test system in
Section V and followed by the conclusion in Section VI.

I1. Problem Formulation

An SVC can be installed at a bus to provide reactive power and control local bus voltage,
while a TCSC can be used to control the line flows by regulating the branch reactance. Let

x;. be aregulated reactance of the TCSC installed on transmission line i/, and the range is

where x; is the reactance of line i-j. Real and reactive power

setto —0.8x; <x; . <0.2x;, i

flows of a compensated line i-j can be expressed as:

P, =Vig;—VV(g;cosO +bysinb;) (1)
O = Vi (by +by) = ViV (g sin O = by cos 0;) &)
where g = iy and = %y = Xye) are the conductance and

2 2 2 2
i+ (X +xg ) i+ (X +xg)

susceptance with a TCSC on the line i-j; 6;; is the phase angle difference between buses i

and ;.

Let Q. be a regulated reactive power supplied by an SVC installed at bus i with a

range of -0, <Q.; <Q .»and let 1 >0 be the factor of uniform increase of system bus load,

then the real and reactive power balance equations at bus i can be expressed as:

S By o = Foio = Fgi + (14 2) Ppiy =0 .
v
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gQij,c —06io = 96i — Qi +(1+ 4)0p,, =0 @
/j

where —Fg;, +Pp;,, and — Qg + Op;, are the real and reactive power injections of

generator and load at bus 7 under base case condition (4 =0). Depending on the generation

dispatch policy, P; and Qg are the additional real and reactive power generation at bus i
when system load is changed. System operation constraints are expressed as:

h<h(x)<h (5)

Equation (5) includes the bus voltage limits, V', <V, < 2 , generator output limits,

0<Pgy +Pgi <Pg and Q ci <960 +9ai < Qg » line thermal ratings

:1/sz2,c +Qi]2',c <S8, and the SVC and TCSC operation limits. x = [V’ 01" is the

Sij

vector of bus voltage magnitudes and phase angles. Control variable vector

v=[F; V, a, cf]T, where P; is the vector of real power generations, V, includes

automatic voltage regulators variables, a, includes variables of on load tap changing (OLTC)

transformers and shunt capacitors (SC) and ¢, represents the vector of loading factor A4,

bus and branch numbers of SVC and TCSC installations and their control settings.
The MDCP to determine the locations and control settings of SVC and TCSC for system
loadability enhancement is formulated as follows:

Max A

s.t. gxv)=0
h<h(xv)<h ©
vSv<vy

where g(x,v) =0 represents (3) and (4). After solving the problem, the maximum

additional loading of the system, 2 > Pp,, , can be obtained.
Vi



R 8 A A T REAR OR SEk 2 RA AL FACTS 28700 8 A LR #2303
"4

III. PSO-Based Solution Algorithm

In the paper, a PSO solution algorithm is directly used to solve the MDCP, where all
discrete variables (including SVC and TCSC locations) are treated as continuous variables
first and change to nearest discrete values upon convergence. In the original PSO algorithm,
particle position and velocity can be updated using the following two equations [21]:

X, (k+)=X[k)+V;(k+1) (7)

+oyn j(gbest; —x; (k)

X;(k) and V;(k) represent the position and velocity of particle i at iteration k. x; ; is the

jth entry of X;(k). In (6) X,;(k)=[P; L O X C]T, where vectors FPg containing the
real power generations, L including the locations for SVC and TCSC installation, and O,

and X being the capacity settings of the installed SVC and TCSC, respectively. v; ;18

the jth entry of V; that denotes the velocity of X;(k); 0.9<w<0.4 is an inertia weight to
determine how much of the particle’s previous velocity is preserved; ¢; and ¢, are two

positive acceleration constants, they are set to 2.0 in the algorithm; 7 ;, r, ; are random

numbers sampled from uniform distribution U(0,1); pbest; and gbest are the personal

best position of particle i and the best position in the entire swarm, respectively. The original
PSO algorithm for the optimal FACTS installation is shown below:

1. Set iteration number to NT.
2. Narrow down the control variable adjustment ranges and generate a swarm with NP
particles.

3. Aload flow analysis is conducted for each particle i with X, (k)=[P; L O, X.]".Ifno

load flow solution exists in the swarm, return to step 2. Otherwise, set pbest; and fitness
f; for each particle i. For particle i with a converged load flow solution,

fi =2; /(1+ pen_i), and for the particles without a load flow solution, f; =-10, where
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pen_i is a penalty that is proportional to the severity of security constraint violation and

A

;1s the personal current loading factor. Restore the control variable adjustment range to

the original problem. Set Ite num = 1 and go to step 4.
4. gbest = the pbest of the particle with maximum fitness. Update the particles using (7) and
(8).

5. Execute load flow for each particle and check security constraints. Update particle fitness

(fi =4 /(1+ pen_i)). If Ite_num is lower than the NT, Ite_num = Ite_ num+1 and go to

step 4, otherwise, go to step 6.
6. Record SVC and TCSC capacity settings, generation outputs and the loading factor
obtained.

In the early stages of the PSO solution procedure, the phenomenon of stagnation
addressed in [23] might occur and could lead to prematurely converged solutions. It may lead
to a high possibility of obtaining a local optimal solution if the diversity between the particles
descends too fast during evolutionary process. Apart from improvement of PSO operators, the
performance of PSO by incorporating different schemes is continuously exploited by
researchers.  These advances include Guaranteed Convergence PSO  [23],
Fitness-Distance-Ratio Based PSO [24], Pareto-Based Multi-objective PSO [22], and so forth.

IV. Fitness Sharing PSO Solution Method

The fitness sharing scheme is to distribute a population of particles along a set of

resources [24]. When a particle i is sharing resources with other particles, its fitness f; is

degraded proportional to the number and closeness to particles that surround it. If maximum
solution is the target of the problem, the fitness haring for particle i is defined as:

)

A bigger sharing fitness represents that the particle is distant from the swarm. On the
other hand, while the target is to search for a minimum solution, the fitness sharing is defined
as:

NP
f5;i=fi- Ssht (10)
k=1

where shl-k denoting the sharing factor that measures the similarity from particles i to k by a
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distance function dl-k . When the particle is averagely more distant from other particles, a

smaller sharing factor takes place. In the paper, they are given as:

k= 1-(d¥ / 0)? ifdf <o an
' 0 Otherwise
5 2
K pbest; ; —xy ;
and di - z max _ _min (12)
T X j

where o being the distance for the particles to remain distant from each other and j indexing
variables in particle x.

A particle with the best fitness sharing will take the position to guide the swarm into the
next generation. With the fitness sharing scheme involved in the solution process, step 4 of
the original PSO algorithm is changed to:

gbest = the pbest of the particle with maximum (or minimum) sharing fitness. (13)

The setting of o 1is dealt with on a case-by-case basis and, in the test system, based on a
specific number of simulation trials, the effects for various values of o to achieving optimal
solution are inspected.

V. Test Results and Discussions

The base-case power flow solution for the modified IEEE-14 bus test system depicted in
Fig. 1 is shown in Table I. Higher load demand is in the upper area of the network. The
voltage limits are 0.95 p.u. and 1.05 p.u., and the line thermal limits are shown in the second
column of Table II. Under the base load and without FACTS device installation, the system

load can only be increased to 4~ 3 Ppi, =0.42 pu. with A" =0.18 . The power flow and

line flows are shown in Tables I and II, respectively. It can be seen that system loadability is
impeded by transmission congestion at line 1-5 and voltage at bus 14.
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G : Generator

C : Synchronous Compensator —>

Fig.1. Modified IEEE-14 bus test system

TABLE I:

COMPARISON OF TWO BEST SOLUTIONS IN CANDIDATE SOLUTIONS

" SvC TCSC
A
Bus pu. Line Comp.
4 0.026 2-5 -0.136
0.55
6 0.437 3-4 -0.707

As shown in Table I, the optimal solution with system loadability at A~ =0.55 as can

be derived by either the original PSO or the proposed fitness sharing modified PSO. TCSC
installed on lines 2-5 and 3-4 which are parallel with line 1-5, could change the direction of
power flows and enable the network to accommodate more power flows from the lower area
to the upper area, while the SVC installations at buses 4 and 6 would relieve low voltage
problem at bus 14. Through this enhancement, the system load can be increased is

Ay Pp;, =1.31p.u.and the load flow under this installation is also shown in Tables II and III.

As can be seen from Table II that better profile of bus voltage magnitudes is achieved and the
four transmission lines at lower part of the network which are found to be congested after the
FACTS installation are better utilized.
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* *
POWER FLOWS OF BASE-CASE, AT A =0.18 WITHOUTANDAT A =0.55 WITH FACTS INSTALLATION

TABLE 11

Base Case Without FACTS With FACTS
Bus Vol. Ve O¢ 5 Or | Vol F; B Vol. F; B
1 | 1.080 | 0.168 | 0.788 - - 1.080 | 0.522 - 1.080 | 0.156 -
2 1.045 | 0.521 | -0.706 - 0.127 | 1.045 | 0.637 - 1.045 | 1.645 -
3 1.070 | 1.735 | 0.281 | 0.942 | 0.190 | 1.070 | 1.693 | 1.108 | 1.070 | 1.991 | 1.461
4 | 1.030 - - 0.478 [-0.039| 1.023 - 0.562 | 1.020 - 0.742
5 1.031 - - 0.076 | 0.016 | 1.023 - 0.089 | 1.024 - 0.118
6 0.991 - - 0.112 | 0.075 | 0.974 - 0.132 | 1.024 - 0.174
7 1.034 - - - - 1.025 - - 1.026 - -
8 | 1.090 - 0.345 - - 1.090 - - 1.090 - -
9 1.003 - - 0.295 | 0.166 | 0.988 - 0.347 | 0.992 - 0.458
10 | 0.994 - - 0.090 | 0.058 | 0.977 - 0.106 | 0.985 - 0.140
11 | 0.989 - - 0.035 | 0.018 | 0.971 - 0.041 | 0.999 - 0.054
12 | 0.977 - - 0.061 | 0.016 | 0.957 - 0.072 | 0.999 - 0.095
13 | 0.974 - - 0.135 | 0.058 | 0.953 - 0.159 | 0.991 - 0.209
14 | 0.971 - - 0.149 | 0.050 | 0.950 - 0.175 | 0.961 - 0.231
Sum - 2.424 | 0.708 | 2.373 | 0.735 - 2.852 | 2.791 - 3.792 | 3.682
*MVA base = 100MVA
TABLE 11

* *
PARTS OF LINEFLOWSAT A =0.18 WITHOUTANDAT A = 0.55 WITH FACTS INSTALLATION

The ability of the proposed method to derive the maximum system loadability through
two SVC and two TCSC installations in the network is tested by 100 trials with iteration
number and particle number set to 1000 and 30, respectively. When o set to 5, the analysis
for the results in the 100 trails solved using the proposed method is shown in Fig. 2. As seen
in Fig. 2 that the A4 equating 0.40, 0.52, and 0.55 are the worst, average, and maximum
loading factor values, respectively. On the other hand, with the same parameters set and

Terminals Limit Without FACTS | With FACTS
1-5/5-1 0.40 0.397/0.400 0.397/0.400
2-4/4-2 0.56 0.444/0.433 0.560/0.544
3-4/4-3 0.80 0.541/0.522 0.800/0.762
5-6/6-5 0.64 0.507/0.483 0.639/0.639

10
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solved using the traditional PSO, the A obtained in the worst, average and optimal solutions
are 0.22, 0.50, and 0.55, respectively. Obviously, the worst is due to the premature
phenomenon that lowers the efficiency of the traditional PSO. Also, it is evident that the
worst and average ones derived with the traditional PSO are all smaller than those derived
with the proposed method as shown in Fig. 2, validating the performance of the proposed
method.

For each o€[l,5,10,15,20], respectively perform 100 trials by using the proposed
method and make comparison with the results obtained from performing 100 trails by using
the traditional PSO. The optimal solution numbers obtained with o setto 1, 5, 10, 15 and 20
using the proposed method are 7, 31, 26, 27 and 26 respectively, while the optimal solution
number derived using the traditional PSO is 24. Therefore, the proposed method with o =5
behaves the most efficiently.

0.7
X: 999
06 Y:0.5539 7|
........................................................................................... =
.
0.5¢ X:999 ]
Y:0.5223
i
@ 04F/ rmemmm e ]
g £ X: 994
[ Y:0.4047
S o3 i
.......... MaX
Ave
o2y | mm—— Min 4

L L L L L L L L L
0 100 200 300 400 500 600 700 800 900 1000
lteration

Fig. 2. Analysis of the proposed method

In addition, with particle numbers set to 10, 30, 50, 70 and 90, respectively, the optimal
solution numbers derived from 100 trails with o =5 by using the proposed and the
traditional PSO methods are shown in Fig 3. It can be seen that the number of the optimal
solution derived with the proposed method is bigger than the traditional PSO as particle
number set bigger than 20. Therefore, the effectiveness of the diversity by combining the
fitness sharing factors into the PSO update process is validated. From the analysis, to validate
the efficiency of solving this problem using the proposed method with o =35, a swarm with
30 particles is suggested.

11
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Fig. 3. Optimum solution numbers in the respective 100 trails for various particle numbers using the

proposed and original PSO methods

V1. Conclusion

The problem to enhance the transmission system loadability by determining suitable
locations and control settings for SVC and TCSC installations is formulated as an MDCP. In
this paper, in order to improve the computational efficiency of solving the MDCP by using
the proposed fitness sharing PSO algorithm, the fitness sharing factors are combined into the
PSO update process to diversify the searching regions of the particles. The performance of the
proposed method is validated with the test results that confirm the great ability to achieve the
optimal SVC and TCSC installations,

12
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Integrating independent component analysis feature extraction with
support vector regression for exchange rate forecasting
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Abstract

Forecasting exchange rates is important to the investors and the government. In this
study, we present the application of using ICA as a preprocessing tool before building SVR
time series prediction model. In the proposed method, we first use ICA to transform the input
space composed of original time series data into the feature space consisting of independent
components representing underlying information of the original data. The hidden information
of the original data could be discovered in these ICs. Then, the prediction models will be built
by using SVR for each IC. Finally, the predicted value of each IC will be transformed back
into the original space for time series prediction. The proposed model can improve the
forecasting performance compared to the SVR model without using ICA as a preprocessing
tool since the hidden information of the original time series data can be explored through ICA
preprocessing. Experimental results on the forecasting of NTD/USD exchange rate have
showed that the proposed method outperforms the integrated ICA and autoregressive (AR)
model, single SVR model, single AR model and random walk model.

Keywords: independent component analysis, support vector regression, feature extraction,
exchange rate forecasting, financial time series
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Mitra 2002; Ince & Trafalis 2006; Guo & Savickas 2008; Hussain et al. 2008 ; Leu et al. 2009;
Majhi et al. 2009) -
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A B SVRA s [ » s —FEUEIE[JW 83%] Jﬁ“aﬁa Penff"(2004)%’$ Iﬁ? I@EJ&[%]‘
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SRR+ 3 5 Py B 9 30Kl )= o)l ) - 15 gt
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£ C Ft 1Y 55 Ft 1Y 55 Tt 1Y 55 g C Huft 7Y 55 b Ry 55 Huft 7Y 55
MSE MSE MSE MSE MSE MSE
2! 0.5164 0.6159 0.9282 2! 0.5138 0.6149 0.9269
2° 0.5162 0.6159 0.9281 2° 0.5138 0.6153 0.9269
2! 0.5162 0.6155 0.9282 2! 0.5138 0.6153 0.9269
23 | 22 0.5161 0.6153 0.9282 22| 22 0.5138 0.6153 0.9269
2} 0.5156 0.6154 0.9282 2} 0.5138 0.6153 0.9269
24 0.5157 0.6154 0.9282 24 0.5138 0.6153 0.9269
2° 0.5157 0.6154 0.9282 25 0.5138 0.6154 0.9269
2! 0.5136 0.6076 0.9257 2! 0.5208 0.6065 0.9291
2° 0.5137 0.6077 0.9257 2° 0.5208 0.6090 0.9291
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2! 0.5193 0.6357 0.9728
2° 0.5193 0.6357 0.9735
2! 0.5193 0.6357 0.9735
20| 22 0.5359 0.6357 0.9734
2} 0.5359 0.6357 0.9735
2! 0.5359 0.6357 0.9734
20 0.5359 0.6357 0.9735
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# 6 FTSVR - g=27  PRIRHAE {1V HN
. c SVR fgi=t . c SVR it . c SVR fi=t
MSE MSE MSE
2 0.00000591 2 0.00000591 2 0.00000591
2! 0.00000591 2! 0.00000591 2! 0.00000591
2° 0.00000591 27 0.00000591 27 0.00000591
- 27 0.00000591 - 27 0.00000591 S0 27 0.00000591
27 0.00000591 27 0.00000591 27 0.00000591
23 0.00000591 27 0.00000591 27 0.00000591
2! 0.00000591 2! 0.00000591 2! 0.00000591
2! 0.00000591 2! 0.00000590 2! 0.00000590
2 0.00000637 2 0.00000613
2! 0.00000637 2! 0.00000613
27 0.00000637 27 0.00000613
- 27 0.00000637 56 27 0.00000613
27 0.00000637 2° 0.00000613
23 0.00000636 27 0.00000613
2! 0.00000631 2! 0.00000613
2! 0.00000631 2! 0.00000613
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ICA-SVRs 4.36 72 70 74
ICA-ARs 5.01 68 65 72
13T SVR 6.49 62 61 63
#HicT AR 6.21 64 65 61
S+, 6.75 60 52 64
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Abstract

This study proposes stratified features and weighting similarity measure for similar leaf
retrieval. Design and combination of stratified features is based on the concept of numerical
taxonomy and hierarchical clustering. Weighting similarity measure involves Euclidean
distance and a weighting function. With the stratified features and weighting similarity
measure, the proposed system can locate similar leaf images and return search results to the
user. Experimental results show the proposed method can improve the retrieval performance.
In the near future, we will expect to add a relevance feedback strategy for better retrieval

results.

Keywords - Leaf Retrieval System, Stratified Features, Weighting, Numerical Taxonomy,

Similarity Measures

40



HERR FE+=F H=M FPERE 1014540 F41R
Journal of Ching-Yun University, Vol.32, No.2 (2012)

== =
= - {EiR

I A ERLELEMERAIY - 7 % 81 B SR e A PR
T PO BT R By ¢ SR T TSI R
R PR TR B N BRI R A, Elfjﬁlﬁifjf‘?[l%&’“lﬂ?fj’r o FURRR IR 53 RS il s
L~ 8~ 1~ R R 1 E R RO S T DR 195 T
PSRRIV o (LRLg By o) B 4 S ALRLA 55 (MR

I BRPR L I O R O
Zernike moments ~ ;'%F'I'E““ S BSOS s REFE I L%i’%ﬁ &t IEJ[JE’E’T/L\E'E@@@F?&@
ESIFIRE :—;Effl?hj %Tﬁﬂﬂ’?{}#‘%ﬁj’%ﬁ%ﬁﬂ— FEL > Sl M ST O R Y e B J &4

X
ﬁ%@ﬁ@%%W%%¢ﬁaﬁﬁymmfﬁ’%ﬁﬂﬁﬁﬂw%ma@%ﬁw@ﬂ%
MR e R S AU TERR R DU IFR 1] 2 (e Bt bk 2 2 B P
FIR =R AI » 9020 B 53 115 B S  0 Se Tol iy O RSB B
FOET oIy < P FE PHEE 5k R AV R (0 e ST T
I BB B A PV RO > R AR SIS TR LA AR R
SR A [ -

S BB BTOBHESH Zernike momentsﬁ%ﬁﬁlﬁﬁkﬁ R o 5L AR T [ﬁﬁf\ﬁ’r%r
R R R TR B AP R R RIS R ) e
SEo KRS s Lk ES sk~ TTOHEEA Zemike moments H G 7 5) IR
SRR TR (PR TR o IR [ O B TR £ BREEEE -
W5 £ BRPRAESE AR 1 TS~ 7 AR O T i3 s
FIRIREA > i IR S A PR SRRSO Rt i -

PRI AR E | = R

LLiEE A B B0 TR i -

2R REPT R R PR O AR AT T R -

3 B B R 0 2 TS (R 00 R S T R R
H A SR RS

Al NRAERET

e DA T pufiEd %71’ FIVERSE = B (0 Rl N 5 it > FRE S =TT
F*(Aspect Ratio, AR) ~ %7 1*(Edge Ratio, ER) ~ [[1-= & [¢f(Center Position, CP) » & (< F |3
% FAY (Projection) R o I[P REE el e 53 PRI Pl SRR flvo o ) = 0 24
Al H@El 73 RePE 5T Pl 2= E[Tf: ERES 1 ‘F‘F'[' + 7}<2 {74 (Horizontal Projection,
Ph) » = ﬁl H5Y (Vertical Projection, PV)= f[ﬁfﬁ & & 1&;{33@] K-NN(K Nearest-Neighbor
Method, K-f& /73 ’[F[??ﬂ\‘ SR TR E S RS F A, 2003)

R R R Fr]ﬁj’ FIFS > B R BoLast pl B A po g == g pu s

= (Elongation) & F[[*| Canny 383 AR IR 1% ) BV F AP FSE RS R
BPRRY5T AE A FUIE YRR CRIA R, o FE R R T R S A e R T R A py
e (7 2, 2007) -

41



R AF S Aot EARLE R E B
:% L

¥R BB AL
#wiz' HFI’ WAL kP!

i PSR 304 B APk 56 i G R H
W22 - ki R BRI IR %aﬂf‘ SRR 5 O I
03 i SRS O SR Plosisps + g P
B BV o 3 - BES T Y (Centroid-Contour Distance, CCD) TEI"TV‘E'}E < AR VE
e [ E ) ﬁ‘l*E‘TOE‘ﬁ 1 F”?ﬂ REAT S R Fﬁli ) L j[ﬁ”l lfFE‘HFI’ °
A AR FR R R, %’Eﬁﬁr@ﬂ1 rfﬁjr&—iﬂ?l@EWV B N R T ?Eﬁ ¥ Fe}
AR (IR 2007) ©

T IEEE E[Lﬂﬁ%??¥§*ﬂrﬁ&'[§;}vﬁ‘]‘ T IIF*?IU SN %E‘@q‘*m FEROBE A SN thT
?iIEBF' 1%3“ *Eﬁfﬁﬁf}?ﬁJ LR A S Ilzlljﬁjf%?(ﬂé ﬂiﬁl o~ FISPRURE - H RIS
O - S AT A ) o 1) B S RO i R 9
TR M[ﬂi LR 0 1 2R 0 e S LS o B 2 A
PNN(Probabilistic Neural Net) s @[[& " » [REF 2 F Jﬁé‘{fiﬁlﬁﬁuﬁé% 5= s = %’ﬁ%‘ﬁﬁ
Eﬁ AR e EF P2 58 (57 53 #r(Principal Component Analysis) /s Y55 i

?3?ﬁ,t,(Probab1hstlc Neural Network) 81 Ferd 41 55 iFﬁET IRk ’p’eﬁ*" HE90% 0 [
SEE R 5 ”Jﬁ quﬁ"%[}j R (W, et ar 2007) -

o HrE | %D*fﬁﬁf IR NS ERRIE 1R e Sa R 7l (il R AT 51| ﬂ’ﬁ’lﬂ?ﬁf‘—‘ﬂ’ﬁj
B A3 A 91 AT L8 ~ SR~ A O L
H SRRV E S PSR S B bj\@%ﬁ)*ﬁﬂiﬁﬁv FIFIH] %j [4155 45188 (Move
Median Centers Hypersphere Classifier, MCC) 32 /5 B 5 pusT 21 » 8 5l MCC »
1-NN(1-Nearest-neighbor method)* K- NN(K Nearest-Neighbor Method): 7 P4k iz U
£ MCC 3 P 1-NN A1 K-NN B &y 7 408 - [y = e ddpoi EEJJ‘FEE f’ fil}dj\ P ,ﬁl,
1710 RS ; ?ﬁ%ﬁiﬁf{Du Wang, & Zhang, 2007) ©

S r* [l 1R 3 Rk fifid ﬁﬁﬁl’ FIVFIPR 3 =T o = gl B~ SRy puRd
A [BOPVESSS s B Y B A b e B ?fll?'l%ﬁmfh“ﬁxi%?‘i%kfﬁ BRIV
F ¥ #"' ] MBSAS(Modified Basic Sequential Algorithm Scheme)d>3EZF5H] » - ffi E‘J%ETE““
(Aspect Ratio, AR) » #1’%F*(Rectangularity Ratio, RR) » [E/lE*ifi(Circularity Ratio , CR)¥JH,
SIS B[0P P S S - - E(UpAndDown Ratio UDR)AI: 7,
F*(LeftAndRight Ratio, LRR)[ISEL 7 55 B35 LT purf g o feb sodsiyies FE}%PreciSion)

e ITF A (Recall) A 73 Bvsfiessts > Jebff in 2] wn8 (FIS", 2008) «

F ?‘iquyr?,%s I%\IEIEJ#H JHFI]JF IE’?I]J@ pfj rﬁUj{?ﬁllj [gkp B S ETE e J%L{J{
PR By 0 A - S S O PR T R AR R
%B#@ﬁﬂﬁ =) FEA - %J"/fséﬁ@*”ﬁ’ iy l”ﬂf‘j EATCVEVIRTE > 2 for e RIS ~ FERDS
PSRBT b i M RIS 53 AT 53 TR RIORIR < SRR R
[“%‘?ﬂJE lﬁ’%&ﬂi?ﬁﬂ 1* (Adaptive Matching Algorithm) » RLELFT— {[=RITHT EILJ@}S’ » [RIES

A1 A ST A AR IR gl o 5‘7 RS
+ ?i FEA O “‘EP‘%}{E\HCentrmd -Contour Distance, CCD) ~ {fi ﬁg}””[u% Y N@ J: i }””[
L(Curvature Scale Space Descriptor, CSSD) ~ ¥ » MPP(Mlmmum Perimeter Polygons)

LEE AR D > P AR PR R BT EL 70k (Nam, et al., 2008) -

TR [FURE R JHIF’?I[J% fY FJFE;@%"“%JF JiEge [ﬁll%m%” ST F‘,H[ﬁw
BHp JFT“] BRI E'JFL[EJPC%‘ ([f #i(Hu geometric moments)*! Zernike moments [iI &
(Zernike orthogonal moments) ¢ Ff FT & H [y ’Fﬁ & e F] il ®'] MCH(Moving Center

42



HERR FEA—F F-M PERE 014547 %437
Journal of Ching-Yun University, Vol.32, No.2 (2012)

Hypersphere Classifier): = 55 K1 > B! puafifd 1 55 Kep IRl ?F'IH v (Wang,
et al., 2008) °
T AR A Iﬁf{?ﬂﬂF JF’%IJ JFIJ V%UF' ﬂélﬁﬁjf” W E iﬁlfjﬁg%'[ﬁl&ﬁ kg ?i/ﬁ',ﬂ[ﬂ 2
H OIS ik ﬁ?ﬁﬁ?ﬁﬂ FI A = B, f%&_l"?i? [ Fi%’i’ftﬁfﬁfﬁ%  FR
5 Elﬁfyl]”:’i”(Parzen Window) 3 » et = Ui, 55 I”rqut] f%ﬂ}j AR BTy [H PR
FIFHRIT Y %?@TJFU‘F@ el iy i Ufhﬂ\ﬁ% = RATRLA & :Er:s‘u&ﬂF'FJ
A e A SRR U8 DB R B HE R Park
et al., 2008) °
" TR (LB VAR ) fE Gl ’ﬁf’iﬁﬁ'l’*vm@ru FAB A
[njﬁ[yj ’T&’“ﬁ@flqﬁﬁvﬂ‘ﬁ FIF Ze b IR (Sobel operators) =Vt 15 é}%ﬁ %%[EI“
Otsu “‘JF“VHEJ M=y o > FIIP 8 g HFE ST 'rﬁ_%ﬁ”jﬁ D3 AHTRIFSER < F o™ K
- F5EE (K-mean) Ty e £ (] Eaﬂuﬁ YEEE > HEPVEE P ] RGB E HSV (&iffl > fAl
o A ) Tk JI/}{J‘EIUE_T" H TS B EES B Centroid-Contour Distance, CCD) 42V
*E”ﬁé”ﬁﬁf‘%miﬁﬁwfﬁ i#lr/c B LSS T B R (> TR AR 256 <TG ] ]
= sy (Bi- level)ﬂﬁ%a@mmw SRR R B AT FRp A F e
HIEVE e B (R S YL I e T Ee T P e L R o
B FORTH] BE 5 0 [ FE Y [ R Y g ] FIJ”,LI,’:“Ea FIH] K-NN(K
Nearest-Neighbor Method, K-{& /72|10 )F5 (AT RV ik - {8 i 5 BTl iadifl - 2R
#/L"TE'HJHJ Y E BRI o B ARk St G ﬁtp [ SEEH T 100%fY
et » 1 AR R o8 R AR e s
FJF”{H:F }(7]%4 ¥, 2008) °
R T T S R ) 4
VTR o BRI e kLA WU A E](CSS) ﬁ”%'ﬁﬁﬁﬁi{@ - B
Hlis AU 2 f 'E(CSS)@J\[;@% PRSP ?Z{Eﬁi@‘«#ﬁ C g2 t@““ﬁ“ﬂ'[’f}[&i'iﬁ ° JFfEY
BRI Y2~ g*aq‘aaﬂ'” (R~ (RIS I#T140 VB BHINHIEE > A VR R R
[[:—{ﬁlll 7{}-[' qgﬂ}-l' ) T [[4\7‘“ FI J}”*’_Wk ﬁ]}Ll'* ﬁx\‘\[[—{ﬂé}-l‘ Z%[IHI [‘l:tr'{,_f’_—l H',ﬁf:%\l [ 5y—
fiacls Bl g =R A [*'ﬁﬁ]iﬁ[ miﬁfﬁl H| LSRS(Leaf Shape Recognition
System)1 ﬁi%“ L3 B o S F(H] (“‘F i3 (Precision) #[1¥E |TF}(Recall)[‘Pt I SIS
= [ g{/[gﬁgig\liﬁﬂlﬂ[[ﬁ““ﬁpﬁﬁﬂi fi= 528 WAL B @I FEfiESS (Precision)
I;Df&ﬁ {2 (Recal)(%7 < #, 2009)

s FARTSA
— 'JF‘IFD

I B W q%ﬁ p SIEAH F i fg@:ﬁ [ﬁ[H RGP B RLBH, AU BEEL > T PR
PRGSO L A R O T T
%ﬁ’%ﬂ@iﬁﬁéwuﬁﬁﬁw@ﬁA@iﬁ RS A A
IR il TS S I PETRE SR SINNR

YIE’FJI%Emi% F'Jfﬁ"r* %Wﬁypq\g\l 1 5= > #[]¥ | Matlab 7.0 7 £! ,‘a’f&?ﬂ % <15y (Elsy

43



A R R Aot EARME R S
:? L

¥R BB AL
#wiz' HFI’ WAL kP!

Zf Ry ?jﬁw%jﬁgﬁﬁﬁﬁgﬁkﬁE‘%@‘ﬁ'éﬁﬁﬁ?ﬁﬁmﬁﬂfé’ \_’EJ CERORY T 17]
Bl BRI D SERAVE BRI o URRRY T TIPS R R VB SR J["%\JEJ
At FREFET A E'LJ[\L“JJ\’J‘ﬁMHW‘*— F o f i F [ F]H] Matlab 7 ST [ﬂ[edge

PR Y Canny SERANRIHS - 2E 5 31 H PO REVAVES = 3;{_]@ % |95 B (5 EbH

B

i - =g T - BAT BLF

pae 4 A>E% | 4m FE) @m FRTA

FRE
13 R

= R RV
(— )Zernike moments

Zernike moments i’ | ?}ﬁiﬁé TJRAY d]ﬁz,liﬂj o HE- AT f[ [EHTIJE [ b s
LIRFVIDY, (Wel Li, Chau, & Li, 2009) © Zernike %27[1z¢7: Ht & [ [*] tr’r (G F“L—
Lo NOISE Al M) Zernike moments”ﬁ %NTV@‘%TE"@[[%JKJEE NS J’F‘j & =
Wik 4> Zernike moments "/’Fﬁ PR T 1 o ]EI@]%?”‘VL“J/%?%%JHW# Jppst > 2 H“"Jv
L1155 JE"H%\' [ E | (R V¢+ﬁa’ﬁjf‘%¢ Zernike moments £ 1 Z[ 15 FUPEge > FE FHeY
5[ Zernike moments +ﬂ§j L VIS ﬁ‘?ﬁ i ]Eiif[}ﬁﬁqvmﬂﬁ’é I JEH]f i 7[~‘Ei+j‘*hjt€|l
& f/(j\:ﬁ gﬂ’ ﬁiT']:, |f' SRS & i\[@fﬁ’} 5010)
(CHRFI

ST SR B o R R 84
- EﬂiﬁleH' o '*fﬁl‘ e = BREER R S o kS R Ay P A R P

T = 58 (1]
e 1
M M

= )5‘%‘*\“‘3’*

_f‘;%u\ r\ = F{‘/I{EPI/ Ij_f H:EIN@ P axé,_‘g_i F;/I H:EI > mm u F[ J[_‘_‘:JI" gmﬁf }l jj/\
:1” 1 7 - i/[lf# £ 0 o JI/}L-{JVFA{;M f'f'ﬁff\[gﬂﬁ/ » Bl ;[:EHJI F[ UFEL T ) o ﬁiﬁ;‘ﬁ#ﬁu%
P B ST 1 -

‘n

s P
ggu\gx — Zmax 2
i 2)

min

44



HEER FEt=% H=M FERE 1014540 %45R
Journal of Ching-Yun University, Vol.32, No.2 (2012)

(B
By SR LF P B rr B Efl B P VeSS e A B A Jﬁl;ﬁﬂ?l%ﬂ
BT > [;EP‘ T 0~1 fH] fwlﬁa[ A [P eER S FL 1 -

By = 4;;% 3)

HHIz 85 3.14 > ALRRA QB IS s > PHIFa B pUREIR -
(Cr)TTEHEE
T SRR BORL O ES ] - RS AR [T R R RLITSIE] - A

Wﬁﬁ’%'ﬂﬁﬁ—ﬁﬁﬂ - SEBUf  BY 08  OSHE L A
H(I)=[h,hy,e | PR RT3 (RS ATE wgﬁé@( P PSREERSER ) e 1

D=> hd, “4)
Eld, e BrEET B

I

BRI B B TR EEN Zemike moments (5] B
[T EEATR BORGEARET MV > OO0 PIRCAS EFRSERERY Y T IR
BB ST A e R MR LS -
¢?%¢% H%Wﬁuwﬁ@@’ﬁiﬁﬂ}$ Wﬁﬁ“fﬁfﬁﬁﬁ%@ﬁﬁ“
0 E[ 1 VR » ~FHR R BT e ﬂﬁ%ﬂmw’”ﬂfﬁﬁ IR

@o@?W@wﬁamEX{xJ;&,X}’ﬂwﬁ«@ SN ST TN

Mm ”—Lgtfjl FIJ o kt

X normalization — M (5)
XMax—XMm

i~ T g
jt’ﬁJIZIﬁ]E_JiLI',_ I[ﬁ{qftj 55 FE’LFILJ%%'%:C ,}ﬁ@n iSEs :E[TPH N (TS S Eféjr‘ v T B
HER Zernike moments Ff 53 2% ﬁjffﬁﬁle PREFEPE5E DV Al ST (R 2
—F & PP AFEPIE, 1990)- F H[FJ?;I IR T KIS PR Yt’TW%[ B Fljf%ﬁﬁi
VTR BT ERRT > BT R 3 S O i £ Upquﬁf%vmb.—:,} 5 >
@ Lﬁﬂj 53 s Bl o —ﬁﬁ”".‘i@fpfﬁﬂ(‘k VI E BRI 5 tg[ggﬂﬂfﬁi’ FI™ fi g J%ﬂﬁ]J
FESE P [P R A Al Rl A R
P P
S R T (T 4 0 RIS ERLS A k] o
FREp JW”ELTF“ GEEEE SR e ’?’T“ HERER, Zernike moments ﬁjf’# °

512 H L EEER

45



R AF S Aot EARLE R E B
:§\ L

EhREAGL
#E2 HEXT AL PR’

b UE RS S R o ﬁfj SRR TR ’—j/H:FE—LLHIPLJJZ;—F[Fﬂl“f‘i7\ﬁ[|[ ¢’ﬁlt3lb
E’;‘;FI 7{}-[- FI J;I/;{JK—}C I~TEJ-|;§: ﬁ‘ft_ir-}_] %E— [ﬂ:ﬁ-‘x)—’ﬁ*[—kip y;{;zﬁ fLZ?j‘* Ijﬁ”[ [ﬂ:?gu .
BT= ¢ PSR
PEFGEE R > 10 1 HAESHEE R R el J[:’FPI”JD 151 T’i”‘g[ﬁ“ BT S
2SS T@’rb“‘ﬁs“ﬂv Zermke moments e «yr%”)fi%:‘H ARV ol il 4 2
HE= LY - AT T R EE S T - WRVERET > U Eﬁz‘;ﬁ‘fﬁ?
FIPUH ’F’@FIEWI J@}&ﬁq@#‘
TR T rﬁjﬁ,ﬁuﬁm@&g[w@f*[ R PRI R PR S Al PR R T
i s SR > BT S i 2 ?ﬂﬂ wmﬁu
J/FJ 7 (ARSN T }él%’f‘j@@w’?ﬁ*f@' : }“J%wfﬁ-ﬁzfsﬂm;ﬁ PRI R -
AR VBRI [

Bﬂ?ﬁﬂ%f% g ST AR ‘E'?’dwuﬂ%v  TERLAL I PO, - AR R
TUF“EJVWPﬂ%ﬂ AT 3 5o F{2 AR 53 Rl I R P ap o3RRI AR T [y i e
L u;w[‘pf[wi: “Hl &;[g[ u;rFlif‘ﬂ
5744 STERERT
PRI SRR B DI DR R AR
= JJ;%@ET E”J FIH | Eefil 5 BIpOR=E > e rﬁr‘%\rﬁ%ﬁu??f AR e R
77 "M (Hierarchical clustering Methodﬂ» FET T PR ﬂﬁ' =] ﬁﬁ}iﬂ?fﬁﬁ&iw i%l
qu‘%ﬂj‘ﬂﬁlqﬂﬁ’ 4 E’!ﬁp I} ;\7"_3 EJ%J— ,#%EIJIHIEK/ I#EE’?E}#[ It FIJFT'JI'
FUE r%fﬂﬁi mVEEE SN C ?‘ & Bﬁi%},,m%)

SR AP ) W IR 5 R R BT R (R R S
ST HIEREE S S Effié}‘b’@’?u“‘{?’zt b= {5 B% > Zernike moments 1% {fil & T » =P
RLBI~ (8 % G 2

N
),

Zernike moments >
™
/

N

W 2B

46



HERER FEt=% H=M FERE 1014540 F47R
Journal of Ching-Yun University, Vol.32, No.2 (2012)

B s T L T Rtk s e s o S
BT RIREET > T P SIS 05 R £ IRRRE (L HUE A P
B o

1 PIRST R RRIAE £

< %ﬁz wEs | aAa | EAs | EA6
Boiok | Bl

91— gt SEHS ZQERET PP | Zernike
VO RRRE | T B

i
~md,
T
e

T Zernike

5 e Zernike :'%JE SRR S Zernike EF’TE‘“
o B o IREE

BEERPE S BEETP S

51 et =Pt | Zemike | Zernike = EeER [ESERE

TSR | g

(™| Matlab = S!CBREE g+ 73 R A PR TR B o 0T s g
[I

5T RS A LTS R - )

1 ! !
0.9 A1l _
o8l k.Y “"?ﬂ'ﬁ‘z ............. -
07 o3 .
o ga
.E 0.6 I ?ﬂ_'ﬁ\tr) -------------- -
7]
E 0.5 . . | | | “"?ﬂ‘%‘ﬁ .............. _
o 04 - N '\ .............. ............... ............... ................ SR e _
0.3 : ' N S ST SO i
0.2 . ..,,‘-..h ............... .............. _
5 L 5 f : ~ : 5 i
0.1 L k --. o TOUTL TP TP -------------- —
0 I I ih“‘---;----:'I'-H----=---*--.--Fi.-.-l----"
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Recall

B 3 7834 k) R B

RSP U 23 50 T 2% A TS A R TS ﬁ;ﬁ
fg%“ﬁ"gj\dﬂ‘tﬁﬁj NI AR AR RO AR P | 50— e RLR U PRy i > 217 et EE
R s BRI A T o B EER ﬁfﬁ f‘%ﬁ;il » 51 T HILRL I E | Zernike momentsjf“jf%ﬁmu; ek
F’\Twcﬁ% AR BRI o UL 4 T o

47



R AF S Aot EARLE R E B
:% L

EhREAGL
#E2 HEXT AL PR’

o1 e

9y et
By B
B < BT BRI B >
TRl S B
=

Zernike moments

\ A a2 }

AR BT A
= A
(- B E e
BN v P BIL LT R OB %Jrff‘%fm%ﬁ@fmw izt

U o S B R PHEST B RLT 2Rt ?E%ﬂﬁ R JHIE R %H/ FUREEHQian, Sural,
Gu, & Pramanik, 2004) -
i 2 B R BRESRL S R (U] PR Ay — 78T AU (el < iRl O R B
%%ﬂTﬂw—ﬁﬁﬁﬁﬁﬁfﬁﬁﬁﬁtﬁg*m%ﬁ%ﬁorﬁﬁﬁp@@wmm
BHES D)@ & | o VEHESDYE A ’FE[NJ@“JT;’? S 2 o [ D) e e
| URASAEUT  ieey R 0T o T T R Lt @gm&%qﬁf L ERL S B R
A R AR (EE S N iR ;E I{T]1%(Nam, et al., 2008) o > V[T~ . ¢

DUJ%ﬂ&R%ﬂﬂz ©)

=
X5y R Xy pUSTi ([
CREIFHT
AP W%ﬁ@@ﬁﬁwﬁ FI 2 B R OREEEA S T ETREE Y BT [

ELE S B BREHESA AT 1% D ALRL | SRS PR 7 FJFET“' U B R EREE T
“ > A HE BRI DS T VYN RS B RIEE O R E T A RyE ]

48



HERR FEA—F F-M PERE 014547 %497
Journal of Ching-Yun University, Vol.32, No.2 (2012)

AR« G LS o LA RO E IR A O 50
Fﬁ@fﬁﬂ%‘:@ﬂ ﬁu@gl% R ﬂIPﬁg{ﬁ'}lﬂlﬁﬁn%%{¢Tﬁ‘a%ﬂ - lﬁ@? A SN

W=(-dy 7

BN/ SER @f:[ ) d%ﬂ £, ﬁé@u[ﬁé&%y@%#’m’ i=1,23-n"> lt"L*ﬁzEIT" =
jié\ﬂ['[ﬁﬁ‘*c@%”ﬁlﬂ JpuT A H N #{%@QH?]E%?FF [ﬁl)’?‘jféﬁ}j » ATt £ HF[JEJL\%\AJEI@I;LE
e A e YTifﬁm[‘ii%F‘@El (R EUEER > ST HIR R R R ] 1 s 25
AR PR SRTIS S= Tl (/pqg\l 5 B o

T . T . . T
N : : : : : . . .
T e e e
AN : : : : : : 1-4d)
T R ( )2 ------------- 5
: : : : : : | = A-d)r |
07 ; N e e s (L= ) [
] EE SRS S i S SR SO SO S S SO i
c ' i ey
2 ! ! ! e ! ! : : :
1) H H H -, 4 H H H H H
g 08 e po B AR e .
o4 : : : T, : : : : :
o : : : [ : : : :
04 ot ARRREREEEEEED R NG DRRCREEEEEET SRR R LPEEL SEREEEEREEEEE Fommmmeeeeees R EREEt =
; ; ; ; S ; ; ; ;
e T ’H“\\ """"""" T T ]
R T e e
L e e
0 i i i i i i i i B
0 0.1 0.2 0.3 04 05 0.6 0.7 08 09 1
Recall

S EHE RIEREE R Y éFJElfJFﬁE (i

#qgﬁl SHIFIJI;{[LLIMBBHQ%HT@Q& B t”llﬁ'ﬂ 13: “‘JF”@;I ’ﬁ”iﬁ?ﬁ?} IFAI'H@
FHRHT TR0 2 el ) Iﬂiﬁﬁ%[pj“ OB DR 2 A Ejgﬁfmm@,
ﬂﬁS“%EH@W%Q@HIhﬂwﬁHﬁ$%F§F@g@“2hﬁ 3 7 S
H ﬁl’] o [ TRV H RS N [“”_“7[?73—‘54{“ Hob R A b e 2k HIEI’?['EI E'JEI@?F@;Q £,

VW=a-d -

?%”ﬁi%wﬂm%?@%%ﬁﬂ?@émﬁﬁﬁ»ﬁ?”ﬂﬁﬁ%@@%ﬁl
REE— EFERTAHTHE 3 B PR 1455 B = h%&%;f"

tiits g = 3 DF, ®)
i=1

EH D FA WS EESRES . A A > 1 =1,2,3.. .0 ¢

HB A A SRV L B 205 S L P [ o S R B T

49



R AF S Aot EARLE R E B
:% L

EhREAGL
#E2 HEXT AL PR’

%%pﬁgfﬁwﬁﬁvﬁﬁmmﬁﬁﬂﬁ%i%ﬁﬁ‘*V”ﬁﬂﬁﬁ@%lgwﬁWH*V%Pﬁﬁ
TS LU TR SRR o e BRI TS S O A oAt DS R T
wkﬁﬁ“ﬁ$+%wj?m%w’a~?Wi?Fﬁ@@ﬁﬁﬁw*Wﬁygﬁ

PHES EITW = (1 - ) [ORAE 2 SFHET R EIPORE LR 0 7 0 s

By AT B B lﬂ@;[ (> =HEHT TSk~ BRSO mﬁ?g{ﬂj féﬁ;ﬁ' At

ET Ve PO RS B RRIHES > [ HpRY 077 2T et Zernike moments PUREE 1 < SR 2T Tt

Al T S J[&lé‘“ﬁ[ MRS S U BT B LS R SRAHITT O ';E?"E‘ﬁj &

AV BT S £ RSSO B A2 5T R P R I RS E

BEFRH ZIOREE o T EEYS i Zemike moments B YT T AU ET 1

BB BT S S ~ B ST PREERS BRI B RS BRI A

g WA G I R RERAT T B [ IR A g T

S5 B SO A DT TRV AT

%mﬁ%

R AR S R T UK A ﬁ R A
I@%Q Lp [ [FEREROT A F B R *EI'—I—— FE SR RS I BHEER Zernike moments
1.1ﬁ1uﬁ@ﬁﬁv,@ wﬁﬁ@QM?wmﬁeZF%wo

2 IS A o

3L =Pk e B2k W BEEE | Zernike moments
A 0.0016 0.1953 0.9407 0.1832 0.2867
B 0.0048 0.3062 0.9189 0.3043 0.2076
C 0.0064 0.3495 0.9344 0.2206 0.2339
TR ET BRSO B IR B RBEHES » B[S S~ BRI S BHEE A
%ﬁﬁmm—%@,mﬂm%yﬁﬁyp,H#ﬁﬁ PRI T A 3 pughifd -
F 3 TRl A B E m R
RPE | BBk R | TESEREE| Zernike moments
A= BV
R4S | 0.0032 0.036967 0.0791
AZECHY
2 E | e 0.0048 0.0514 0.0528
BZE Cfiy
R4S E | RS 0.0016 0.014433 0.0263

R ?”@?iw—ﬁﬁﬁﬁPﬂm LG~ B AT OB
53~ "EIIRLEL Zernike moments » REE IR ™ [Fi— et BIAVECS B BIHEE S E S FHET
PRI 1 5 B BT A

FEEIE 538, = 0.0032 +0.036967 x (1 - 0.0032) + 0.0791 x (1 - 0.036967) = 0.116224

I3, - = 0.0048 +0.0514 x (1 - 0.0048) + 0.0528 x (1 - 0.0514) = 0.106039

50



HEER Bt F=M FERE01F54A HS51 A
Journal of Ching-Yun University, Vol.32, No.2 (2012)

FEITI%E 55 B, = 0.0016 +0.014433 x (1-0.0016) + 0.0263 x (1-0.014433) = 0.041931

SRR DD B S ] R D) Bl - A RS A PR
PP R BT B 77 AT A B A B 3 A R o s g -

B MRS il B PR SRR SR A T 2R

ﬁFHF'HEFIH R B AP R P BE Sk BYE R RS BHEER Zernike moments
PO BIZ 1 YV B g Wﬁﬁﬁﬁﬁrﬁlmﬁﬁ‘wv i
‘ﬁ%@iﬁﬂﬁ%w%ﬂ%ﬁ(’@gﬁéw? B3 DB
f%x"ﬁlﬁg“k'J‘%["&'@‘I'D‘E'\JHJF'[’% ’iFfE‘c EYE ZT_FT@ETEU A o PRI S E ij Imﬂj fiﬂﬁﬁ”
FHITE PG > o =oale = T4 [ PR AR (™ RIEr  T491 1 e o B
E RN
P TR RS KR e R A S AR R BT e T AT T TR

B ;n PIDRL (P = 2 B R ZREEIVE BT o =0 F 5B B BREREEEAT T 1 1 [ o s
(7 - R R M SR = (- d) - TP RS ) e g
il > 2 A B RREREE N R POFEET > RS A SRR PO IR o PO A
?P ’ﬁlliﬂl%iplvﬂ' 6 - o

ﬂ‘k .LJ.L am
o —T i T T ———

& o &

T{E R B A

Al

S
11 benp
12 bmp
13 bing
g
bt
4

0

1%
Tik

FTFrTFFITITT TS T

PR REE S
oA EOn S OEREE e

L i

i
EXEZIIIRET
<

635 Wk AR

[ 6 FREE A Rk A AR R T ORI A B AR AR £
SRR S I S E SN Iﬁ&;ﬁapgﬁ;ﬁn‘ o RSP P ?EJLI'EJ;%H;FE%ERTF
%%ﬁéﬁﬁ%ﬁimﬁﬂWﬁiﬁ%oﬁﬁ6Hﬁ, ;ug@“ Y- gRg

51



R AF S Aot EARLE R E B
:§\ L

¥R BB AL
#wiz' HFI’ WAL kP!

I S R o O 16 SR AT I 1 ) IR A R
A -

E2 - BRER

P (N SR BT (B S8, 1990) T 1FPHLH o H AR 2t B A gl
g, - i[ L& 2] 32 7Rt A - & zig“é 40 gl%ﬁ[[ﬁji%kﬁ ; ﬁﬂ%{—;ﬁ\ 1280 = H s g
PRI OB e o 5 ZIFOR A AP GO APRST ) R R gt R -
N ;;*F—“—ﬁ';-jer;r I'Frl

Recall 71 Precision fi'I') ™ [ = # 4§ (77 - Precision i_f’ﬁi FRE AL T2
FOEPEIFIL F) % DL B RLESIIORYR - 3 %&?&Uﬁﬁ“”ﬂﬁ[’% i Rocall
i_?7§4ﬁk Ft 1}i$WJﬁ?E?$%F' > [l ﬁ}ﬂ?&ﬁiﬁ**ﬂt I—ﬁEHUEJF—?ﬂ » Recall {191y

5’” LU (S(Han & Kamber, 2008) o E >t 20 #o.

S sk AT RO 4 )

el FRREY S G (10)
sion = SR F RS G

Precision = ﬁ%i}%’ﬁﬁﬁ’kﬁ ey an

= RN

ﬁJnw&mwﬁ@a@HWW%E@%E?WNﬁTPWwa%%ﬁi |
fY FIJFEP IWE{FFTIJQH W AENTE JF& R [ﬂ[#j{;fﬁm{m A ERIER = AP ﬁjr%fy 3R
@@ﬂﬁﬁhﬁﬁEﬁbﬁﬂﬂ@ﬂﬂﬁﬂﬂﬂ?% %”ﬂﬂﬂﬁéﬁﬁyﬁ%ﬁﬂ [
AT PR T E PR 8 AN o A PASRIEERON 53R 5 3T, 2003) RIFR 2R BT et
f%ﬂM@%?%§F:°w’ﬁﬁWﬁ%J@?mmﬁ'9\®lME%%wo

52



HERR Bt F=M FERE01F54A £S53R
Journal of Ching-Yun University, Vol.32, No.2 (2012)

Precision

Precision

04

03

02

0.1

%‘ﬁfﬁ%&ﬁvﬁ

S R S S S e ¥ R

\\
\'\.
I S SO NN SN RN WA NSO SO S i
Ay
\\
O, O e L, SO, _
b
A
R N H \\ ---------------------------------------------------------------- -
| | | | - | ----l - L I ! — —
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1

Recall

7 I 1 B

ﬁ‘—ﬂ%ﬂ' TR FIE Y =53 ‘“U@Eﬁﬁh o U B A B AP iT‘FTFﬂFIEB”
;’%FLT’E‘“ NRAELPS S Efjé} ~ W HHEE - Zernike moments [ J’F‘j &y et JM@? (HI o PRF=E-
iﬁﬁiﬁ'@%” FRge N T ’E‘ %kﬁﬁﬁ?ﬁﬁfﬁ}l”i%*“ BE o s YRS S BT S BHEE Zernike
moments13\—*11’%\73—ﬁI 3 g [ﬁlﬁ' JM@%#EJJ: f'\_ﬂ N j\ﬁ - g Jﬁljﬂ;aéﬂ& » 2 i =2
PR A AR A SR AR N T R VAR

1 | |

FREA R |
A

O i T o Lt SOREETTERE SRR -
] st M s te s e frosaenasees peeeenaeees -
: . A : : : : :
: : : ! : : : : :
04 -mmmm b FERRRREREREA R L Eoososooooee- Eommeseneoes -
: ! : \N‘ ! ! ! ! !
: ! : AN ! ! ! ! !
] e oo i H e oo .
: : : PN, : : : :
i s S A e .
: : : : T, : : : :
1] EOSRE SRS R— S S S S I S R S -
0 i | i | i i T L |
0 0.1 0.2 0.3 04 0.5 06 0.7 08 09 1
Recall

53



FI RSB TR T EEE Lk A%
#wiz' HFI’ WAL kP!

=

fept 8 FlTpr Il R BT ~ BE SR~ BRSR ~ TR HHEE  Zernike moments

FF B & o0 el 2 B R AR o W ?Uﬁmﬁ(ﬁ}w’ﬁ PR S P BE

s~ TR BT BREE ~ Zernike moments [V 55 T (EI 54 7 g SO A

e Wlﬁﬁiﬁﬁiﬁﬁgﬁﬁ?ﬁ% [N U Aﬁﬁﬁi*ﬁﬁﬁ%ﬁf Il s EE s B S

B0 BHEE Zernike moments 2% 7 55 gt {1 R RG> RLE TR s B F'ejﬁ'%agﬂf}'

o TR AR A R R AR N E R AR
I I I I I

1 . . . . ) ! . .
PN R N R B N = = = - = E— |
s s s HAFH o B ¥
] T e A ERtEG P E B mfE i
3 N —-=r“»GG. i S —— R .
- AN S WO I b neeeeee Y S SN S S 4
C H H H H H H H H H
kS ; ; ; ! ; E ; ; ;
L N IR e R S . oo poneenenes pooaoeeneees 2
bt H H H H H H H H H
B oo e P oo 7
4 NS NSNS S SRS SIS M SN S SO SO
PP R S S S N S S N _—
0.1 _"""""'%’""""""J; """"""" ;""?:-'-:?:-:‘:;'h'-'-"h-"’—';;é;;;'_'_';""'JE""""""J: """""" ;' """""" ;’ """""" -
: : : : B e SN =t
0 i i i i i : i | H—
0 0.1 0.2 0.3 04 05 06 0.7 08 09 1

Rarall

ﬁ9¢F%W@ﬁﬁ?§ﬁF“%%Fﬁwh@ﬁW@ﬁﬁﬁﬁ?@

'(:;_q%"[[ 9 I:[ I—I:‘[J J\ } _—EE[ {-I [I ) imﬁﬁ E'J_;%FILT:[:“‘—‘\ g%b\gﬁ ~ gi’%j&( ~ @T‘L\?E[:g%\ Zermike moments
P B 5 50 T PR 20 MR B AR o ARG T I 8
AL oo B 55 e R 2O B SR PR R B3 e 2 R
FET P YR IR PUT SR pl LS N T AT S B o TEDRLF (IS BT BB ERRE
AU 7 RO R 3 R e OREE R A sk Tt - M SR pu o B
o R T BT OREHASFL LT I RS =] AR =R N R S
PEARRLF] B Ak rmp s RRAD R I B0 e VPR SO R S Ak AR N T
B o

54



HERER FEt=F H=M FERE101454A %55A
Journal of Ching-Yun University, Vol.32, No.2 (2012)

BB R | | e -
&ﬁﬁﬁﬁ&&#?ﬂﬁﬁﬁ&%ﬁﬁw% ________ i

5 : AN : : : : : : :
B ool S Y ol T S i
8 | BN | | | | | |
Rl 7Y SRS R N —— T S S S S — S S -
PO ISR SO SV S O SOOI SOt SUSNS NSO SN S i
s s AN s ! = s s
e e | N | | | | e
0.2 I . "\."1“ """"""" Tttt . 7
e — e ot — e
0 i i i i i i P i i
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Recall

10 AP YRR - AR [l S Y SRS

FERRL 10 FI PP R PRER P IR PO » BE sk Bk W o BHEER Zernike
moments [V B3 5 53 gt PRV S MR R AR SR T BEIPUREISE P S
BT~ SERRES s 1= B L JURY R0 5T e O R BEIR A P R T e
fl = ﬁﬂﬁfﬁ?ﬁii%*“j YU IR POEs ~ SRR P o G 0 4R, 50 T = 1
) TECRLF (g B B BEEEF U 1 ﬁfééﬂ“*rifﬁﬁ":ﬁﬁ”{l@fé  PIEE | H b R
E} PRSP BN ORI RO E BEHEE A ] VR F'EEILJ%TF:%J BRI
%ﬂﬁ$?%%w’£ﬁ%@%4ﬁ”ﬁ$wwﬁﬂﬁﬁﬂﬁﬁb?*w@%“wﬁ”
ESRE RS T NECA R

{h ~ #55REYER

N E2K
AR BE ) BIEOMGS. 7R Bk R © 2 BURLD # RgR)

méy%Awm} %ﬁ}ﬂmmmmmmmméﬁﬁh%”W@%WWlﬁfT—ﬁ’
I O e N e Lt o BRI R b
af BE AR SRR g@;ﬁﬁ*ﬁliﬁfﬁju[ DR TR R A poAm RS o [0 E (R
TSR o

REESHET

7tﬁH@E59ﬁi{HE@E%£ﬁﬁgﬁgﬂj;C,;ﬁﬁﬁfgﬁéﬁ?jjiiﬁi, & A R puFE BT - ﬁggjig“‘
’ILﬁﬁ“iﬂ” 2 B RS TR A TR e (2] sk ’ﬁqﬂ} R

I T TRl B2V B 2 e EFET]EHVE@TE{?E Bl T@gl@ipl [ﬁ?g‘ﬂﬂj

55



R AF S Aot EARLE R E B
:§\ L

EhREAGL
#E2 HEXT AL PR’

T FTE BTAV RS B R *"Eﬁ i | FAERE o ¢’quj%£@;|l%g+ Arrye Jﬁ?ﬁéf‘ﬁgﬁgfﬂgwx{?}
o R R eV Jﬂi”fmw T AR PR T 50 F RO SO R T
HA g RS A R j%‘j\‘ £, A H;ﬁﬁiwﬁ%m@z“%
eI B iﬂ%”ﬁ%ﬁsﬁﬁfrbifﬂﬁl% > Fir ;*T inabsis it At el BT A Iﬁﬁﬂ serp
BRIV HERF LRSI R -
1f@ﬁyiﬁﬁ*ﬁw%wﬁ@ﬁﬁﬂﬁWﬁﬂﬁ?@%%ﬁﬁ@ﬁﬁ%AYFF%Q
o3k TR R ERIRS - P AR PR O AR ) L ot
F/'\' ’ "&?’ﬁ?ﬁ [’Ffﬁjl_}"l » Precision #[! Recall ’F‘,F{’ ‘}fﬁ[ﬁi 95%| 5 %A iﬁmjﬁ?ﬁi[ﬂﬁffﬁ@
53 Tt FII RS B BREREEEE AT ] 1% EJ%JI,.MF R FF BTRY T O pUE e | R b e
ﬁ%*wﬁ“’%ﬂ%”ﬁ$“ﬁp[ S AU A AN -

= ~ZEE PR

BRI E A A TR O (S [$«7,2003)H‘F’ﬁf41 R B
“‘W°*?wﬁ@W@%“’[“:%P“ﬁ%F~w°*?ﬁ wﬁ@@@%#’
7] H[l_ﬁ Precision #{! Recall flU5g Fi’?ﬁ [F‘,f——ﬂf{ (RN L I;ﬁ%lq{;?ﬁj L fﬁféf
3 [J“JIEL«%‘*L'@?E%?&“WI' % TH}JII ORI Lk > — B R B ek
AT R I R (R ,q,2003)F’??E“'EJE”“'*\‘5*\*“ HIU'*‘FE’
955 E«L-’J[[@*tjfh » I B:E[EF“‘ M~ e IJFF‘F'JF'D BYHN 3 e J['@ﬂljj‘ EFIJ ° BT
SEPRFV P 2 RLP T A PR T SR A5 RREREER T VFEJEJ
il b B W?%@Pﬁulﬁwé'@mﬁmﬁﬁﬁﬁ PRIFREE (Rl B T [l
Sk r’%ﬁfﬁﬁv"”’ﬂ% [ BT R « 2R ST IS ,2003)5%41%’3%};%
kLA VR - 'f'* f’?ﬂ%"*pﬁ“’?'li’ﬁfﬂ“ﬁrﬁ '&Hﬁ“’rﬁi’ﬁ?@“ﬂ H I
#E ! %E%f‘fff‘ﬁ'ﬂ [ S5 EJ@;I%EWF& o BRSO A AR Tfﬁ = p s
HTIEICE (2R, 2003) AR OB bk F@@gmﬁ%#? Wl E'&’E%%”ﬁ%ﬁﬁ@
*Uwﬁi“ﬁ#ﬂ?w #ﬁaﬁ%’m‘*ﬂ?ﬁ VB o) e | P RS B R EREEEE AT
B3l llﬁ”@gmgﬂﬁ IR B M A 1A ST (R T - Jfri%”ifﬁ
R R 2o 8 ’Wdﬁp 'Jﬁﬁj‘rﬁﬁﬂxg Iﬂé” ﬁf‘%ﬁf‘ﬁvﬁw@gl EMEE SR
Hy bR pERENE > B ] VSRR T EA PR VS A o) e A
M lﬁé“f;'@?ﬁ%@:’ﬂﬁ'l' HESIE g e J%yaﬁﬁdi E’ﬁ’ﬂPJ«[‘Ifﬁ%ﬁﬁﬁiﬁFNEltl ’
SLNE IR

BE - ¥EEm

A T 2T OB > BT AR - SRS (A B AR
o E[*rﬁq FE R B i U= F[IF“ TIPS N Eﬁ‘(’é‘i} W o HEHESE Zernike moments
ﬁ@ﬁ&ﬁliwmwwmwwbw@wwm@nfwwmﬁ@j%
FI BP0 > [T Y08 Ak R s o e By

U P R A R s 27 = Bl
Fi s u*lﬁ'«é“f:'f BREGIVRT R o B AP WA RS, > JOERLAIM R
f‘%ﬁ”lﬁfﬂi&“ﬁ‘fi'“% SEEEAT D ﬂme"TUFTaJIf  HE]- 47@;&” RS ’*IJ“JLFLIP AR
Al R AR PR ET > F B3R B0 e PR B2 5 B A s puAT T )

56



N

HERER FEt=% H=M FPERE101454A %57TH
Journal of Ching-Yun University, Vol.32, No.2 (2012)

Bl o

i FH R e Fef.*ﬁfir%?r T TS B RIS A T I P ‘ET““FE R i)
REETFTRT o T R A AR A o ORIV B R BT R T RS
R BT R ETET FTAT TR o s S AR A T A R N fF‘Fﬁ
(P05 o Sl E R BT R B TR A R T (R R D R A
RS - = ¢SSR 2

(R RN 1 71 o B AR R AR L PR B TR B R EREEEE AT T TSl
sl ok Y 1] i 959! ) o R (R D e I A T B A ) 1
LS %’5 R RS T PR filiN e ) BT e P RS B RS A T
E““Ef% (o AR R B 02 R B3 et R 2 BT BB EREEEE AT % ET’?F%% [
VR o R AR AR Ry o AR R R

DYUH e B AR R LV R B0 T A B R A [T ‘["f%ﬁ‘%ﬁi (AR
TR P I B Fe%fﬂiéé U S B RETEEEE AT ‘I‘iﬁ‘%ﬁéfé EHIREL IR Bl R
B padiN ) BT e P S B PSR AT ‘[‘ik‘é%ﬂfréfa (AR p AR 3R B R
PR B0 T (T (P CAS B R PR AT liﬁﬂ?ﬂﬁ% [RpY Ak o e T R A
OTEREIL Ry > R R R

o B ST (R, 2003) 5 VR BT AR GRS P R R
P SRR 1 (\:f‘:JI—EaF:IIIE’[ffﬁj S T “%[JE'J:%F[TE“ NpL e e IR @E’[Bw%m
TSP SR PR R B T R R EEAT (T ST
AR RS AR (o 2 BESRTE — Bl PR VR 00 el P TR B
HEEAT ‘I‘%‘é’fﬁ‘gﬁ AR R > TR R SRS A, 2003) e VR B3 s
R B IERARESEER M AR B BT R S R BERESAL fE
TWWFHﬁ@%&%EWﬁﬁWﬁ%’%ﬁ%ﬁiﬁﬁ%ﬁﬂﬁﬂ%ﬁ’%%ﬁ%ﬁ
RPOTERES T A

AR [ > A T BARASR BV SR B 2R A
ORISR 0 > 3 S T B A Ak s R pOvisl s S EIR OB, A -

57



A R R Aot EARME R S
:? L

¥R BB AL
#wiz' HFI’ WAL kP!

S35

17 FaF255(™). http://rcs.wuchang-edu.com/Special/Subject/ CZSW/SWTS/ZWX2/

2] T - L& Bﬁfﬁﬁ. (2006). =3 B, if‘?ﬁﬁq"«f’?ﬂ.

3] Hp A EPrs, & i NP E P (1990) THPIEED 7k =20 KT

4] %ﬁéﬁ}%ﬁ (1990). %757@/@%@/&%(— ). F,J—j.

5] ?;g,r—ﬁ (2003). #7770 T ’TH\’*‘ B,

6] Z}?ﬁﬁﬁi, ﬁi?ﬁ“rﬁg, PE‘[??F‘, & #]Eﬁ?ﬁ‘ﬁ. (2010). 3 E’E'J[‘Jﬁﬂm%{ﬂ?ﬂﬂ&f Zernike Moments
VB, OT I e e P O

7Y SIS (00, JHOMHEL (5 A VAT T RIS, i

8] {F[F 2. (2007). HAf fawffLrall o Ik BB Rk, F[HIT

9] 3:?P¥F‘(2009) A BRUR PO B S R AR, T ATESIEY ), 29(6), 4.

10] Fi3a 50 (2008). — [lf 1570 "3 f Pt B g5, Fr )

L] AR (2008). — JEAL47feZegt 2f 0 s ot it b sp] 5, B

12] Du, J.-X., Wang, X.-F., & Zhang, G-J. (2007). Leaf shape based plant species
recognition. Applied Mathematics and Computation, 185(2), 883-893.

[
[
[
[
[
[

[13] Nam, Y., Hwang, E., & Kim, D. (2008). A similarity-based leaf image retrieval scheme:
Joining shape and venation features. Computer Vision and Image Understanding, 110(2),
245-259.

[14] Park, J., Hwang, E., & Nam, Y. (2008). Utilizing venation features for efficient leaf
image retrieval. Journal of Systems and Software, 81(1), 71-82.

[15] Qian, G, Sural, S., Gu, Y., & Pramanik, S. (2004). Similarity between Euclidean and
cosine angle distance for nearest neighbor queries. The 2004 ACM symposium on
Applied computing.

[16] Smeulders, A. W. M., Worring, M., Santini, S., Gupta, A., & Jain, R. (2000).
Content-based image retrieval at the end of the early years. I[EEE Transactions on
Pattern Analysis and Machine Intelligence, 22(12), 1349-1380.

[17] Wang, X.-F., Huang, D.-S., Du, J.-X., Xu, H., & Heutte, L. (2008). Classification of plant
leaf images with complicated background. Applied Mathematics and Computation,
205(2), 916-926.

[18] Wei, C.-H., Li, Y., Chau, W.-Y.,, & Li, C.-T. (2009). Trademark image retrieval using
synthetic features for describing global shape and interior structure. Pattern Recognition,
42(3), 386-394.

58



2

HEER F2t=% H=M FERBE 015440 %597
Journal of Ching-Yun University, Vol.32, No.2 (2012)

[19] Wu, S. G, Bao, F. S., Xu, E. Y., Yu-Xuan, W., Yi-Fan, C., & Qiao-Liang, X. (2007, 15-18
Dec. 2007). A Leaf Recognition Algorithm for Plant Classification Using Probabilistic

Neural Network. 2007 IEEE International Symposium on Signal Processing and
Information Technology.

59



F) R B Aot E AR b B B
itz HkFe? HAp°

#
3%

z

ES
%9
=

RBE ARG

2

60



HERER FE+=% H=M FERE 1014540 F6lA
Journal of Ching-Yun University, Vol.32, No.2 (2012)

1% R REPBRIEILE X AR

Protection of Mammograms Using Watermarking

MARB WER
Chih-Ying Gwo Chia-Hung Wei

FRAHE TR =R O S L LY
o4 T8 S B4 I8 Hp

ericgwo@cyu.edu.tw

F5 HRIEE

Yue Li Lung-Chun Chang
R 3 3 S FIARAETANE
LAFLE LS B I8 B

B B

PERRGTPLEEFHR GO g a - AR TR FRVET N
ﬁ%ii&%o%%%ﬁ@%{i&%@ﬁ%%ﬁ% g H N R
TfRAE R AR - Bt

R TR ° & X & (538 eh
%%»@E@4%$&glﬁ% E & chlm & cnif i 2 TIEFOTS S Xk P o
FUEAAFL O ZRT N RERPERC LA RAER TR

B}
o AR BRSO K R LR B o B 2 B R s
Gk F ook G EESR Y X RA TS X KPR GRS ke RT s

-

=

£ L F R G s ke TR £ % X kY iR

61



B AR R AL X R R

sy o | , o 2 3 2 4
g #EZT Z5° %KL

Abstract

As medical image databases are connected together through picture archiving and
communication systems, those medical images may suffer from security risks. If a medical
image is illegally obtained or if its content is malevolently changed, the patient’s privacy or
health information to be provided will certainly be undermined. To deal with this problem,
this study proposes a method for mammogram protection, which hides patients’ information
in mammograms without changing their important details. In particular, the proposed method
can extract the hidden information from mammograms without the aid of the original images.
This study also utilizes a watermarking technique, which masks the contents of the
mammogram, for providing mammograms protection against illegal access and malevolent
modifications. This watermark can be removed to reveal the masked mammogram when
authorization for viewing is obtained.

Keywords: Picture Archiving and Communication Systems, Watermarking, Steganography,
Mammograms, Image Protection
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Abstract

The 9/11 terrorist attacks turned Central Asia into an arena of the political struggles
among the significant players in the Central Asia. In terms of strategic interests, the relations
among the US, Russia, China, and Central Asian countries need not be a zero-sum game. All
the three countries, along with Central Asian states themselves, have an interest in defeating
the terrorist threats from Islamic extremists, countering illegal drugs and human trafficking,
and addressing illegal arms trading. Besides, they all pay a high interest in economic
development in the region, above all, the energy issue. The governments of Central Asian
countries are much more concerned about their sovereign independence while Russia as well
as China about economic development; the US more about global politics. In the arena of
Central Asia, involved players have some common interests, but in other areas, they are
irreconcilable. The relations between Central Asian countries and the US, Russia as well as
China cannot be simplistically interpreted as being contradictory or harmonious. In the wake
of China rising, after mid-2010s, the U S influence in Central Asia has seemed significantly
waned, but it is still too green to make a judgment over who will be the final winner in a
foreseeable future.

Keywords: Central Asia, China, US, Russia, Strategy
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I. The Permanent and Changing Strategic Concerns of Central

Asian Countries

Central Asia is composed of five countries, including Kazakhstan, Kyrgyzstan, Tajikistan,
Turkmenistan and Uzbekistan. Geographically speaking, Central Asian countries themselves
situated in the center of Euro-Asian continent have been highly determined by their external
relations. Constrained by some historical and domestic reasons, Central Asian countries
appear centralized, poor, and underdeveloped; they are all in face of the presences of strong
military powers from without. Central Asian countries are endowed with rich natural
resources, especially, Kazakhstan, Turkmenistan, and Uzbekistan are the three main
energy-producing countries in Central Asia. Amid the great powers, Central Asian countries
have gained their leverages in energy resources and geo-strategic advantages in the play of
regional politics. The rebuilding of an authoritarian state at the cost of political freedom and
the claiming of an assertive foreign policy based on the rise of global demand for gas and oil
shape the political reality in Central Asian countries. Different from the great
power-dominated era in the 19" century, the Central Asian states largely determine who they
will form partnerships with. They may shift balance of global power to create more options
and new partnerships (Akiner, 2011:401).

Nevertheless, basically, Central Asian countries are very fragile in coping with external
threats. The US, Russia, and China are the three dominant players in this region. They do not
act with one accord, as offers chances for Central Asian countries to survive. However, for
Central Asian countries, the presences of powers in this region have brought about more
challenges than opportunities. Under these circumstances, Central Asian countries need to
know how to adjust themselves to a very much complicated and precarious environment in
striving for better survival. Not surprisingly, some highlighting concepts often adopted in the
Central Asia’s international politics include regional peace, regional stability, regional balance,
regional cooperation, political neutrality, non-violence, non-military, and non-nuclear, etc.

In contrast to dominant powers, Central Asian countries are exposed to daily and
immediate threats and challenges, mostly categorized as non-traditional security. The
Taliban strong foothold in Afghanistan is a typical case which generates the threats of
terrorism, drug trafficking, and international crime intimidating all of the leaders in Central
Asian countries. In combating against Taliban-dominated Afghanistan, the US presence in
Central Asia is greatly welcomed by Central Asian leaders. Nevertheless, backed by the US,
“the Color Revolution” erupted in Georgia, Ukraine, and Kirghizia has brought about the
danger of regime change for any incumbent government. The basic concerns for the Central
Asian leaders are primarily on the safeguard of their own sovereign independence. Any
encroachment on the sovereign independence of the individual countries will be regarded as
an unfriendly move in this region. It would certainly deteriorate the relations between the US
and the individual Central Asian countries, and then, simultaneously offer the space for other
powers, especially both Russia and China, to move in. Kazakhstan and Uzbekistan are two of
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the Central Asian countries with much more ambition in regional politics. The US as well as
the EU, under the name of human rights and democracy issues, strongly interfering into
Uzbek government’s cracking down on a protest in the town of Andizhan had angered Uzbek
government. The political relations between Uzbekistan and the West turned worse. The US
base was then evicted from Uzbek Karshi-Khanabad air base on November 21% , 2005. A
week prior to it, Russia and Uzbekistan signed an agreement on “ Treaty of Alliance
Relations” on November 14", 2005. The US is forced to shift its garrison to the airbase in
Afghanistan. But, there is no forever friend and there is no forever enemy. The United States
was reportedly conducting talks with Turkmenistan and Uzbekistan about opening up bases
since March 2009 (Abbasov, 2009).

From a security point of view, the geographic proximity also makes Russia’s and China’s
presence in this region much easier than that of the US. The daily contacts of different people
across the borders of the neighboring countries will shape solid structures of the daily life
which may significantly overwhelm diplomatic processes. President Putin’s presidency made
very clear his commitment to re-establish Russia’s preeminent regional as well as
international positions (Kanet, 2010:4). Chinese leaders also see Central Asia as its historic
backyard. China has made a lot of efforts in catering for Central Asian countries with practical
interests.

The great powers are striving for their own national interests in this region. However, in
terms of strategic concerns, the relations between Russia, China, and the United States, need
not be a zero-sum game. The most sensitive matters for them are any coordinated effort made
by any of them. In a sense, China, Russia, and the US are all concerned about their relative
positions vis-a-vis the other two (Villalobos, 2010). It is noted that since the seeking of
practical interests is so crucial to every player in this arena, hence, the disparities among them
cannot be over-exaggerated. For instance, all the three countries, along with Central Asian
states themselves, have an interest in defeating the terrorist threats from Islamic extremists,
countering illegal drugs and human trafficking, and addressing illegal arms trading. Besides,
as far as the main players are concerned, they all pay a high interest in the economic
development of the region (Villalobos, 2010).

Clearly, 9/11 makes Central Asia the focus of the powers’ struggle and, under the guise
of peace and stability, the involved major players have been scrambling for their own strategic
interests and concerns. In order to maintain the regional economic prosperity and political
stability, an increase of oil production and export seems to be a must for all the major
participants in this region ( Amineh & Houweling, 2004:91-92). Paradoxically, political
stability has no easy ride in a resource-rich region unless there is a concerted effort in
exploiting the oil and gas resources. It seems inevitable that competition and cooperation
co-exist in the energy politics in this region (Amineh & Houweling, 2004:231).
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II. Russia’s Strategy toward Central Asia

After the collapse of the Soviet Union, the common wealth of Independent States (CIS),
comparable to a very loose association of states, has appeared as a successor entity to the
USSR. The CIS was founded on 8 December 1991 by the Republic of Belarus, the Russian
Federation, and Ukraine. On 21 December 1991, the leaders of eight additional Soviet
Republics—Armenia, Azerbaijan, Kazakhstan, Kyrgyzstan, Moldova, Turkmenistan,
Tajikistan, and Uzbekistan---signed the Alma-Ata Protocol and joined the CIS. Based upon
the Alma-Ata Protocol, the CIS consists has brought the number of participating countries to
eleven' In a geo-strategic point of view, Russia has regarded the west and the south as its
main sources of external threats. Central Asia, without question, has become a vital part in its
defense concerns. Russia has even some military bases and weapons test sites in Central
Asian countries.

Since mid-1990s, as then-President Vladimir V. Putin criticized, the US government has
been continuing its containment policy toward Russia by collaborating US oil companies in
negotiating their access to the gas fields and to building gas pipelines to the West.
Nevertheless, it was only after the 9/11 terrorist attacks, did the US actively expand its
activities in Central Asia. Furthermore, the theme of US strategic interests has been gradually
shifted to anti-terrorism in wider regional and global contexts although the disagreements
dividing both Russia and the US since 1990s have not disappeared (Kanet,2006:14). Under
these circumstances, Russia has turned itself ambivalently to be both a supporter of and a
defender against the US involvement in its backyard (Kanet, 2006: 15). But, Russian leaders,
like Putin as well as President Dmitry Medvedev, have reiterated again and again that Russia
has been ignored by the West. In pursuing its glorious past, Russian leaders will not permit
Russia to become a dependent supporter of the US (Kanet, 2006: 21).

As a matter of fact, ever since Putin took power, both economic growth and nationalism
have been the foundations on which Russian government has tried to rebuild its
authoritarianism for its glorious past. Russia tried very hard in consolidating its security
linkages with Central Asian countries and strengthened its influences in the oil and gas sectors
in Central Asia. In May of 2007, Russia sealed an agreement with Kazakhstan and
Turkmenistan to upgrade the Prikaspiiski natural gas pipeline that travels around the Caspian
Sea. Besides, Turkmenistan, Kazakhstan, and Uzbekistan agreed to restore two other natural
gas pipelines. Russia stands to double its imports of Central Asian gas to nearly 90 billion
cubic meters. Russia also secured an agreement with Kazakhstan to expand the Caspian
Pipeline Consortium (CPC) route and convinced Kazakhstan to supply up to 17 million tons
of oil per year through a Russian-controlled pipeline running between Bulgaria and Greece.
Russia’s successful engagements with Central Asian countries in energy projects have
impeded US hope to build a trans-Caspian pipeline. With these deals, Russia skillful
constrains the US influences in Central Asia. It is a fact that the growing European

! http://www.answers.com/topic/commonwealth-of-independent-states
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dependence on Russian energy has raised serious concerns of the US and a number of Central
European countries.

Besides, when the president of Uzbekistan Islam Karimov was rebuked by the West, July
2005, Putin extended his warmest welcome to Karimov’s visiting Moscow. Putin also actively
started political dialogue with President of Kyrgyzstan Kurmanbek Bakiev. Clearly, Russia
tried to offer strong political support in appeasing the power-holders and to triumph over US
presence in this region. It is not only a matter of security, but also one of Russian historical
missions. Besides, in order to safeguard its freedom to get rid of US domination, Russia may
choose to strategically lean towards the EU or rising China.

II1. China’s Strategy toward Central Asia

From a geo-strategic point of view, historically Central Asia has been the very crucial
frontier for China. Chinese government has poured a plenty of sources in a defense build-up
and the ethnic fusion. Besides, Central Asia is also a very important region for China’s
procurement of energy and trade for developing China’s economy. In order to skillfully
stabilize and harmonize its relations with Central Asian countries, Chinese government
actively takes a soft approach by setting up both physical and spiritual infrastructures, such as
energy pipelines, railroads and highways, and, Confucius institutes which are to spread
Mandarin throughout Central Asia (Wong, 2011).

For the sake of diversifying sources of energy, Central Asia has become an alternative
outside the Middle East for China. Not like the Strait of Malacca, the new pipelines from
Central Asia to Xinjiang will not be disturbed by US military presence. China tends to
strategically use “peaceful development” as a pretext to skillfully and silently expand its
influences into its neighboring countries around its borders. In accordance with this strategy,
Beijing set up many trade missions in every Central Asian country, invested in local
enterprises, donated money to aid projects and gave a high profile to the Shanghai
Cooperation Organization (SCO). Certainly, even in a passive sense, a stable Central Asian
region also favors China because Central Asia’s running into military conflicts will be likely
to spread over to China’s Xinjiang. In a word, it is quite of China’ interests to help Central
Asian countries develop their own market economies and create their infrastructures
(Bransten, 2004).

The complicated religious and racial relations and problems are also one salient feature
in Central Asia. Muslim has been the most predominant religion in Central Asia. Adjacent to
Central Asia, Xinjiang is a Muslim-dominated and the biggest province of China. A stable and
prosperous relationship with Central Asia is of great importance for China. In this sense, for
China, American troops and military alliances in Central Asia, India and Afghanistan have
been regarded as a containment strategy aimed at China. Amid the significant players in
Central Asia, China has also tried very hard to unite Russia to counter against the US (Wong,
2011).

Currently, the strategic significance of China’s new presence in Central Asia is more in
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an economic sense, trying to integrate Xinjiang with Central Asia. Economy, instead of
military presence, is a smart approach which is welcome, at least not opposed, by the US in
looking for the individual national interests. The energy issues have been of China’s concerns.
The Turkmenistan-China natural gas pipeline transits Uzbekistan and Kazakhstan. Central
Asian countries, especially Kyrgyzstan, have become an important transit point for Chinese
goods to export to the Caspian Sea region, Russia and Europe. Besides, the trade between
China and the five Central Asian countries totaled $25.9 billion in 2009, up from $527 million
in 1992. The headline of “China Quietly Extends Footprints into Central Asia” in an article
has clearly pointed out the increasing substantial influences of China in this region (Wong,
2011).

The economic development has become the common interests for the major players in
this region, resulting in the reopening of the ancient Silk Road trade routes through Central
Asia (Villalobos, 2010). Central Asia has been well-known for its reserves of oil and gas.
Turkmenistan holds the fourth-largest gas reserves in the world, is selling more gas to China
than to Russia. China’s interests in countries such as Kazakhstan and Turkmenistan are
motivated to a large extent by its need for energy resources.

In November 2009, China financed Kazakhstan $10 billion for building roads, railways,
and telecommunications networks. The west of Kazakhstan is recently known as the planet’s
biggest oil field in more than two decades. Chinese firms now control roughly one quarter of
Kazakhstan’s oil production. The pipeline stretching from western Kazakhstan through Tian
Shan Mountains to Xinjiang is expected to carry 20 million tons of oil a year by 2013 (Beech,
2011:79). Chinese President Hu took with him $ 2.5 billion in investment and currency deals
when he visited Kazakhstan in June, 2011 (Beech, 2011:79). In June 2010, China agreed to
lend Turkmenistan $4 billion to develop its largest gas field, South Yolotan. This was part of a
30-year deal that should eventually bring China 40 billion cubic metres of gas each year. In
December, 2009, President Hu and the leaders of three Central Asian countries gathered at the
Saman-Depe gasfield in eastern Turkmenistan to inaugurate a 1,833km (1,139-mile) gas
pipeline, running through Uzbekistan and Kazakhstan into China’s far-western region of
Xinjiang. Kazakhstan now sells one quarter of its oil to China. That pipeline is expected to
reach its full capacity of 40 billion cubic meters by 2012 or 2013, and Turkmenistan has been
contracted to transport gas to China for 30 years. In addition to paying for pipeline
expansions, China is paying for a 3,000-kilometer highway across Kazakhstan (Brooke,
2010).

The Chinese government is adept at mobilizing governmental or party networks to
facilitate its business opportunities. Earlier September 2011, the head of China's National
Energy Administration Liu Tienan visited Kazakhstan, Turkmenistan, and Uzbekistan for
energy cooperation. Liu’s trip to Uzbekistan was soon followed by another Beijing delegation
led by Wu Banguo, Chairman of the Chinese National People’s Congress. Wu took that
occasion to sign agreements with the president of Uzbekistan's senate, Ilgizar Sabirov, on the
implementation of a number of trade and economic cooperation agreements and also
inter-parliamentary cooperation. Then there followed a visit of Uzbekistan President Islam
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Karimov to Beijing in April 2011. The April deals were worth US$5 billion for investment
projects (Cutler, 2011).

For China, the new line forms part of a global effort to secure energy supplies for its
rapidly growing economy. Basically, Central Asia may meet China’s thirst for energy
consumption of oil and gas: gas from Turkmenistan and oil from Kazakhstan. Chinese
investment is also going into other energy resources, such as hydroelectric projects in
Tajikistan and Kyrgyzstan. Strikingly, Chinese governments’ organizational supports for the
economic expansionism are also contributing to its mounting influences in this region. With
the crisscrossed engagement of Chinese officials and business leaders through signing
cooperation agreements and contracts, there follows an influx of Chinese businesses and
people into this region. It is a foreseeable spectacle to see China rising in this region. In
Central Asia, linguistically, Russian is the popular trading language, but, commercially,
Chinese is dominant: commodities offered by vendors including blue jeans, humidifiers,
mobile phone chargers, and fresh apples are all imported from China. The mushroom growth
of permanent shops represents a fixture of Central Asian urban life (Bransten, 2004). Beyond
this, China’s massive oil and gas investments have revealed its insatiable thirst for energy
procurement. The International Energy Agency reports China is displacing the United States
this year as the world’s-largest energy consumer (Bransten, 2004). For resource-rich Central
Asian countries, it is a chance to reduce dependence on Russian demand. Although Putin said
that Russia could be comfortable with Turkmenistan’s gas flowing eastward, many Russian
strategic commentators showed their worries toward China (Comments, 2010).

It is well known that both the collapse of Soviet Union and 9/11 terrorist attacks left a
structural space for China to expand its influences in Central Asia. As China is rapidly
emerging as a world power, it is speculated that, in a decade or two China might directly
challenge the supremacy of the United States. But before this happens, tactically, Beijing’s
leaders are trying to create a zone of friendly and stable countries around China’s borders that
will give them political support, as well as economic leverage in the future (Bransten, 2004).
Apparently, China’s skillful offer of credit policies, without any political stricture, to Central
Asia in the wake of the global financial crisis erupted in the end of 2008 also upholds China’s
prestige in Central Asia. Besides, the Shanghai Cooperation Organization also assumes a very
effective institutional setting for China to maneuver. Over years, the function of the SCO has
become visible. With it, geo-strategically enmeshed with Central Asia, China’s role as an
integral and influential player in the region is also re-enforced (Freeman, 2011). In June 2010,
President Hu Jintao granted $10 billion in loans to the Shanghai Cooperation Organization
nations to shore up the struggling economies. Apparently, the SCO plays a very import
strategic role for China to exercise its influences in Central Asia. The improved bilateral
relations between Central Asian countries and Russia, China, and Iran respectively as well as
the enhanced operation of SCO have diluted the predominant influence of the US in Central
Asia (Villalobos, 2010).

88



HERR Bt FoM FEREI01F4A F8R
Journal of Ching-Yun University, Vol.32, No.2 (2012)

A materialist approach has brought China about immense interests domestically as well
as diplomatically. To kill two birds with one stone, Chinese government tried to use economic
means to neutralize political tension by transforming the site of 2009 riots, Urumgqi, into a
regional energy production hub. In a materialist mode of thought, Chinese leaders tend to
believe that economic growth will facilitate its peaceful relationship and its political ties with
its peripheral areas. By the same logic, the economic approach was also adopted in dealing
with its Central Asian neighbors. The 2009 financial crisis made China much more
competitive with its cash-rich presence. Hu Jin-tao announced a loan of $10 billion loan to the
Shanghai Co-operation Organisation (SCO) to shore up members faltering in the global
downturn.

Although Beijing’s influence on Kazakhstan is still not as pervasive as Moscow’s.
One-third of Kazakhstan’s population is ethnically Russian; many Kazakhs speak Russian.
But an influx of Chinese businesses and people into this region has worried many policy
makers in this region. Above all, Chinese are very close-minded. They bring their workers,
staff, and equipment from China under close supervision from Beijing (Beech, 2011:79).
There is a latent and potential fear, especially in the countries bordering China that Chinese
are hungry for land. They sometimes violate Kazakhstan’s immigration and customs laws
(Beech, 2011:79). As a most populous country, China’s immigration naturally worries the
region (Bransten,2004).

The increasing influences of China on Central Asia have also aroused fears of Central
Asian countries toward China’s expansionism and their nationalist sentiments against Chinese,
especially in Almaty, Kazakhstan, which were again exacerbated by China’s suppression of
Xinjiang’s rioting Uighurs in July 2009, who are regarded by Kazakhs as their brethren. In
January of 2010 in Almaty, Kazakhstan, a protest erupted against a proposed land deal
involving China (Wong, 2011). In May, 2011, Kazakhstan’s opposition party sponsored a
hundreds-strong demonstration against China.

IV. The US Strategy toward Central Asia

Central Asia, as everywhere, has been regarded by the US as a chess piece in the old
battlefield of Euro-Asia for the new “Great Game.” The US interests in Central Asia have
been stressed on three areas over the past decades: security, political and economic reform,
and energy access. Prior to September 11* 2001, the US focused primarily on ensuring a
diversity of long-term Western energy reserves. Ever since the outburst of 9/11 terrorist
attacks, the US has quickly changed its national interest priorities in Central Asia.
Nevertheless, the wars on anti-terrorism and Islamic extremism remained the top priority for
the US in Central Asia (Villalobos, 2010). Apparently, after US’s invasion of Afghanistan
owing to 9/11 terrorist attacks, US tremendously increased its powerful military presence in
Central Asia for 13 military bases. The US took Central Asia as its defensive base to unseat
the Taliban in Afghanistan (Villalobos, 2010).
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To suppress Taliban-dominated Afghanistan is of Central Asian interests, the entire
region of Central Asia therefore swiftly granted the United States basing access and
over-flight rights after 9/11 terrorist attacks (Villalobos, 2010). However, the rifts between
Uzbekistan and the US as well as the EU over Uzbek government’s cracking down on a
protest in the town of Andizhan deteriorated the government-to-government relations, as then
pushed Uzbekistan to stick to Russia tighter. As revealed earlier, a balanced approach toward
external powers has been always Central Asian countries’ policy, the negotiations between the
US and Uzbekistan over returning Uzbek Air base have never stopped since March 2008 as
Uzbekistan allowed some US-led NATO members to use an airbase to assist operations in
Afghanistan (Villalobos, 2010). On February 21, 2010, Richard Holbrook, the Obama
administration’s special representative for Afghanistan and Pakistan, rejected it and
maintained that the US continues a transit hub at the Manas base in Kyrgyzstan (Moran, 2010)
But, Holbrook’s comments may be only diplomatic if the shutdown of the Manas base is
inevitable finally.

In contrast to Russia and China, over the last few years since 2005, US influence in
Central Asia seems to have significantly waned. The Polls show that Muslim society still
largely distrusts the US because American troops remain in Iraq and Afghanistan (Growley,
2011). A very realistic concern for Kyrgyzstan has been reflected in the new president
Almazbek Atambayev’s speech. He claimed on November 1, 2011 that US’s airbase in
Kyrgyzstan has to be closed by 2014 since US presence has made Kyrgyzstan exposed to the
threats of neighboring attacks starting from Iraq, then Afghanistan, and later Iran .

The US garrison not only angered local citizens, but also Russia. Russia sees Kyrgyzstan
as part of its traditional sphere of influence. Interestingly, Russia also has a military airfield in
Kyrgyzstan but was not mentioned by Present Atambaye while he commented the US garrison.
He expressed his deep worry that Kyrgyzstan might have to look to Russian protection after
the closure of US’s air base . He even showed his interests in joining the customs union led by
Russia (Schwirtz, 2011).

It is widely believed that the setbacks were due in part to Russian and Chinese efforts to
weaken U.S. influence in the region. It was very much speculated since former President
Kurmanbek Bakiyev was in Moscow and had received a guarantee by Russia of over $2
billion in financial aid at the time of the decision to close the American base at Manas
(Villalobos, 2010). In a fierce completion with Russia as well as China in safeguarding its
energy security in this region, it can be seen as a signal when the US sent its ambassador in
May of 2011 to Turkmenistan for the first time over the past five years (Hurriyet Daily News,
2011). The US seemed to be trying to strengthen its presence in this region.

At any rate, in contrast to both Russia and China, United States’ over-stress on a
politico-strategic, instead of eco-strategic, approach toward Central Asian countries focusing
on democratization and human rights issues apparently can hardly make allies with local
governments in the region; on the contrary, Russia’s and China’s materialist approaches in
stressing economic interests, such as new-found oil and gas wealth, seem more welcome.
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The continued access to military bases in Central Asia will remain a vital interest to the
United States for the foreseeable future. But United States’ primacy on politico-strategic and
military security may not match Central Asian countries’ interest priority; the governments of
Central Asian countries may be more interested in economic reform as well as the
profit-making of energy. Nevertheless, the sense of crisis underling political regime had
diluted the longing for United States’ economic aids. They understood that they might have to
pay huge cost for the economic aids.

Hence, since United States’ primacy on politico-strategic and military security in Central
Asia, with this reason, Russia and China will continue to oppose any continuing American
presence in Central Asia; and they will also focus more on lucrative issues to cater to Central
Asia’s economic interests (Villalobos, 2010).

It is predicted that, in ten years, China and Russia will be the main rivals in Central Asia.
Historically, Russia has the habit of dominating Central Asia as the former Soviet Union had.
China, through the SCO, has shown its strong vigor and long-term ambition. For Central
Asian countries, in contrast to the fading Russian legacy, China’s influences in economic,
social, and cultural spheres are rising up. More and more young people receive education in
China and Chinese-educated elites may become a dominant force in Central Asia. As a piece
of slang in Kazakhstan says that:“If you want to leave, study English. If you want to stay,
study Chinese.” (Brooke, 2010) The tactics that China engages Central Asia are not only
loyalty but also money. Amid the fierce competition, America, Europe and other powers will
become less important (Comments, 2010). Nevertheless, China rising has also aroused deep
worries of the people in this region. Many Kazakhs are uneasy about China, a neighbor with a
population 100 times that of Kazakhstan (Brooke, 2010). Then, if the above speculation
comes into being, what will Russia and the US as well as the EU do next? Will they stand
together to fight against China rising or they will expediently look for further collaborations
with China for the sake of their respectively immediate interests?

V. Concluding Remarks

Clearly, driven by the wheel of globalization, Central Asia’s vitality and importance has
been quickly rediscovered for its being recognized as an important stakeholder in many
respects such as energy security, bordering zones of conflict and insecurity among
Afghanistan, China’s Xinjiang province, and Iran, a playground of Russian power politics, a
transit area for criminal activity, and religious fervor in Afghanistan. This paper has indicated
the complicate and entangled relations among the players involved, especially in the post-9/11
environment. It depicts the convergences and divergences innate in the changing relations.
The relations among the US, Russia, China, and Central Asian countries need not be a
zero-sum game, but someone may triumph eventually. During the marathon race for survival,
power, and interests, someone may suffer a loss in the arena. Any policy maker in the process
has to do something before it is too late. It will encourage policy makers to take pro-active
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measures to defend their own national interests. Some of the issues are negotiable, but some
are not. Strategies matter and the timing is also significant. Anyhow, the consciousness of
development in this region based upon oil production remains a common value for all the
major participants in this region.

As it is pointed out that after mid-2010s US influence in Central Asia has seemed
significantly waned and to a certain extent displaced by both Russia and China. Above all,
China’s influences may match Russia’s. Nevertheless, this evaluation may over-estimate
economic primacy and overlook a balanced approach commonly pursued by Central Asian
countries. It may also underestimate the potential desire for both democratic changes
internally and nationalistic dignity externally underling the river of history. To prospect a
changing Central Asia, there remain a lot of uncertainties ahead. It is quite too green and hasty
to make a judgment over who will be the final winner in a foreseeable future.
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Abstract

Dai Zhen ( Dong Yuan, 1724~1777) was born in Xiu Ning, An Hui. He learned from
the famous scholar Jiang Yong (1681~1762) in the early times of his learning. Dong Yuan
was a hard-working scholar during his life-time, seeking for the truth of knowledge. He
achieved great success on etymology, phonology, scholium, regulations and systems, math,
astronomy, geography, and philosophy. Dong Yuan contributed a lot in philosophy and built
a “system” in this field. Under the empirical research atmosphere in Qianlong and Jiaqing
period, Dong Yuan developed a wholly different research system. Consistency could be
found in his philosophy. Besides, every part of his argument could not be transformed or
reversed. In other words, all the questions discussed by Dong Yuan were under fully
consideration and based on his own principle. Besides, Dong Yuan processed the knowledge
and information, sorting them into different categories by his consistent principle. This
paper tried to present the complete system of Dong Yuan’s philosophy through investigating
into his works.

Keywords: Dai Zhen, philosophy, system, system of philosophy
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