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A novel Z-Matrix Algorithm for Distribution
Power Flow Solution

Ting-Chia Ou, Member, IEEE, and Whei-Min Lin, Member, IEEE

Abstract—A direct and rigid algorithm approach for large-
scale distribution power flow analysis is proposed in this paper.
This algorithm used two primary matrices: B; and Zy_gc. Two
matrices, which are built from the topological characteristics of
distribution networks, are used to achieve the power flow
solutions. B; matrix is the bus injection to branch current matrix
and the Zy _gc matrix describes the relationship between the bus
voltage mismatches and the branch current. The building
algorithm can be accomplished by a simple search technique with
two proposed matrices. Four connected cases are considered in
this paper. The proposed algorithm is robust and accurate. Test
results demonstrate the potential and validity of the proposed
algorithm in distribution applications.

Index Terms—Distribution power flow, distribution automation
system, radial network, weakly meshed network. .

I. INTRODUCTION

HREE phase power flow is a very important tool for the

analysis of power system and is used in the operational as
well as planning stages in distribution management. Network
optimization, state estimation, feeder switching, etc. require a
robust and efficient power flow method [1], [2]. Several power
flow algorithms specially designed for distribution systems
have been proposed in the literature [3]-[15]. Gauss—Seidel
and Newton—Raphson (NR) based algorithms are two common
techniques used in the industry for power-flow solutions. The
Gauss—Seidel method needs more iterations and is known to
be slow. The NR algorithm has been used primarily in the
Energy Management Systems (EMS), especially the Fast-
Decoupled version which tends to exceed any other techniques
in performance [3]. Some features cause the traditional power
flow methods used in power systems, such as the Gauss-Seidel
and Newton-Raphson techniques, to fail to meet the
requirements in performance and robustness in distribution
system applications including the multiphase and unbalanced
network, radial or weakly meshed structure, large number of
branches and nodes, high resistance to reactance ratios, wide-
ranging resistance and reactance values, etc. In particular, the
assumptions necessary for the simplifications used in the
standard fast-decoupled Newton-Raphson method [3] are not
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necessarily in distribution systems. This research tuned to
design a computer algorithm and program that meet the
requirements of rigorous operational-type power flow and
contingency analyses on a large-scale distribution.

One of the most powerful matrices used in the power
system analysis is the bus impedance matrix (Z-Matrix).
Despite the importance of the Z-Matrix, its usefulness has
been constrained by the building process. Z-Matrix is
preferred for short circuit analysis with perfectly transposed
transmission lines, where short circuit analysis may be
performed by using the sequence network with zero, positive
and negative sequences. The elements of Z-Matrix related to
the monitored contingent lines are often used in combination
with pre-contingency load flow to determine the net current
change after the switching operation. Traditional building
algorithms in [17]-[20] only provide the information between
bus voltage and bus current injection. However, applications
of Z-Matrix analysis might necessitate relationships among
branch current, bus voltage, and bus current injection. A lot of
techniques have been proposed to modify the traditional Z-
Matrix building algorithms [19]. Among those methods, the
Gauss implicit Z-matrix method [9] is the most generally used
method, however, this method does not take advantages of the
radial and weakly meshed network structure of distribution
systems, and requires the solution of a set of equations whose
dimension is proportional to the number of buses. Many
researches provided some new ideas on how to treat the
special topology of distribution systems [12]-[15].

A compensation-based technique was proposed to solve
distribution power flow problems in [12]. The iterative-
compensation method which uses the bus admittance matrix to
simulate the fault conditions was proposed in [8], [11]. Since
the forward/backward sweep technique was widely accepted
in the solution process of the compensation-based algorithm,
new data format and search procedures are essential, which
stressed on modeling unbalanced loads and dispersed
generators [14]. One of the inconveniences of the
compensation-based methods is the need of databases which
have to be built and maintained.

The purpose of this paper is to develop an algorithm, which
takes advantages of the topological characteristics of
distribution systems, and can solve the distribution power flow
directly. The new method is systematic, effective, and easily
programmable. The time-consuming LU decomposition and
forward/backward substitution of the Jacobian matrix or the ¥
admittance matrix, required in the traditional Z-Matrix
building algorithms, is not needed in the new development.



This building algorithm is developed by a simple searching
technique with two proposed matrices: By and Zy.gc, the bus
injection to branch current matrix and the branch current to
bus voltage mismatch matrix, where four cases are utilized to
obtain power flow solutions. The proposed method is robust
and very efficient compared to the conventional methods. Test
results demonstrate the potential and validity of the proposed
algorithm in a large-scale power system.

II. UNBALANCED NETWORK MODEL

A three phase line section model between bus 0 and £ is
shown in Fig. 1. The line parameters can be obtained by the
method developed by Carson and Lewis [2].
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Fig. 1. Three phase line section model
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A 4x4 matrix, which takes into account the self and mutual
coupling effects of the unbalanced three phase line section,
can be described as

Zaa Zab Zac Zan

[Z ] — Zba be Zbc an (1)
e an Zcb ch ch
Zna an ch Zrm

After Kron’s reduction, the matrix dimension will reduce to
3x3, while the effects of the neutral or ground wire are still
included in this model and (1) can then be rewritten as

'z 7. Z

aa ab ac
[Zabc] =12, Zy Z, (2
an Zcb ch

The relation between bus voltage mismatches and branch
currents in Fig. 1 can be expressed as

I/O_a Vk_a Zaa Zab Zac Ia

Vos

- Vk_b =12y, Z, Z,|, )
I/O_C Vk_c Z Zcb Z 1

ca cc c

For any phases failed to present, the corresponding row and
column in this matrix will contain null-entries. The general
form for the voltage mismatches matrix is

[A abc] [Zabc][labc] “)
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Fig. 2. A 5-bus distribution system

IT1. B; AND Zy._gc MATRIX FORMULATION

A 5-bus distribution system shown in Fig. 2 is drawn for
example. The power injections can be transformed to
equivalent current injection (ECI). For bus i, the solution at the
k-th iteration for ECI is

] *
hH
where 7/ and I are the voltage and the ECI of bus i at the
k-th iteration.
The relationship between the bus current injections and
branch currents can be described by (6) for the distribution

network. The branch currents B; can be calculated from bus
current injections as

B =1 +1,+I,+1, +1I,
By=L,+1,+1,+]1.
B,=1I,+1,

B, =1, B, =1,

Hence, the relationship matrix between the bus current
injections and branch currents can be 1llustrated by

B, | o111 1[4
B, |01 1 1 1|1

(6)

B =0 01 1 0f1 (7a)
B, 0 001 0f1,
|Bs| |00 0 0 1] I
A general form of the matrix can be rewritten as
[B]=[B,][/] (7b)

where By is the bus injection to branch current matrix.

The matrix By is an upper triangular matrix and contains
values of 0’s and 1’s only. The relationship between branch
currents and bus voltages of bus 1, 2, and 3 in Fig. 2 can be
written as

Vi=V,-BZ%
V,=V,-B,Z, (®)
Vi=V,-BZ),

where V; is the voltage of bus 7, and Z;; is the line impedance
between bus i and j. From (8), V; can be rewritten as



V;=V,-BZ -B,Z,,-B,Z, €))
The bus voltages can be described as a function of branch
currents, line impedance, and the reference bus voltage.
Similar procedures can be performed on other buses by (9);
therefore, the relationship matrix between branch currents and
bus voltages can be expressed as

il [N Z 0 0 0 0 || B
Vo1, Z Z, O 0 0 || B,
Wi-lVs|=| 4 Z, Zy O 0 || B, (102)
Vol |V Z, Zy, Zy, Zy 0 || B,
Vol LVs] 14 4, O 0 Z,]| B

A gener_al forl_n o_f the AV mismatch matrix can be obtained
by
[AV]=[Zy 5c][B] (10b)

where the Zy_gc matrix describes the relationship between the
bus mismatch voltages and the branch current.

A building algorithm for B; and Zy.pc matrices can be
described as follows.

A. By matrix
1) For a distribution system with branch m and bus n, the
dimension of the By matrix is m X n.

2) If a new branch current B; added to bus i and j, copy i-th
column of the By matrix to the j-th column of the bus and
fill a “1” to the position of the j-th row and j-th column.

3) Repeat procedure (2) until all branch current are included
in the By matrix.

B. Zy_gc matrix

From KVL, the Zy_pc matrix building algorithm can be
created as follows.
4) For a distribution system with branch m and bus #n, the

dimension of the Zy_gc matrix is n X m.

5) If the branch impedance Zij is added between bus i and j,
copy i-th row of the Zy_gc matrix to the j-th row and fill
the impedance “Z;” to the position of the j-th row and j-th
column.

6) Repeat procedures (5) until all branch impedance are in-
cluded in the Zy_gc matrix.

The proposed algorithm can easily be extended to a
multiphase system or bus. If the line section between bus i and
bus j is a three phase line section, the corresponding branch
current B; will be a 3x1 vector and the “1” in the B; matrix
will be a 3x3 identity matrix. Similarly, if Z; in the Zy.gc
matrix is a 3x3 impedance matrix and the building algorithms
of the By and Zy_c matrices are similar. In addition, the
building algorithms can be developed on the original network
database, where data processing time can be reduced and the
proposed method can be easily integrated with the existent
distribution power flow.

C. A Z based power flow solution

B; matrix describes the relationship between bus current
injections and branch currents. The Zy.gc matrix represents
the relationship between branch currents and bus voltages. The
corresponding variations of branch currents, generated by the
bus current injections, can be computed by B; and Zy.pc
matrices directly. Combining (7b) and (10b), the relationship
between bus current injections and bus mismatch voltages can
be rewritten as

[AV]:[ZV-BC][BI][[]:[ZDPF][I] (11)

And the solution for distribution power flow can be achieved
by solving (5) and (12) iteratively

[ AV = Zpye ][ 1] (12)

In the notation to be used in our analysis existing buses will
be identified by numbers or the letters 7, j, and k. The original
bus By and Zy_gc matrix is identified as By rigin and Zgigin. At
bus k the original voltage will be denoted by V, the voltage
mismatches after modifying Zy_gc matrix will be A V. Listed
below cases are considered in this section.

IV. NETWORK MODELING SCENARIOS

A distribution feeder is usually radial with load buses spread
along line sections and various phases. It is ordinary to model the
feeder with the (P, Q) bus for load and a swing bus at the
substation. To take advantage of the topological characteristics
for distribution systems, equivalent current injection model has
been a convenient scheme to solve the radial network [4]. Two
derivative matrices, the bus injection to branch current matrix
and the branch current to bus voltage mismatches matrix, were
built based on ECI in the proposed method [4]-[7].

There are several types of modifications in which a branch
having impedance Z,.,, is added to a network at bus i, the
original voltage will be denoted by V;, and A V; will denote the
voltage change at that bus. A 5-bus distribution system shown
in Fig. 2 is drawn for illustration and four cases are considered
in this section.

Case 1. Adding Z,,,.from a new bus to the reference bus

A new bus is connected to the reference bus (bus 0) through
Z,ew The original reference bus voltage remains the same
when a current /,,,, is injected at the new bus, as shown in Fig.
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Fig. 3. Adding Z,.,.from a new bus to the reference bus



The addition of a new bus connected to the reference bus0
through Z,,,,, the By matrix will be

(Bl 1 1111 0|4]
B, 01 1110|4
B, _ 001100|%L4 (13a)
B, 000T1O0O0}|/4
B 000O0T1O I
1By 10000 0 I I,
The general form for the modiﬁed_ B, r_natrix is
B :|:|:Bl,origin 0}{ 1 } (13b)
_Bnew 0 1 Inew
AV mismatches matrix can be written as
1w 1z o o o o ol B ]
Vs v, zZ Z, 0 0 0 0 B,
ol \Vvs | |2 z, 2, 0 0 0 || B |(13¢)
I/0 - I/4 - Zl ZIZ ZZ} Z34 O 0 B4
Vo Vs Z Z, 0 0 7 0 | B
Vol W] LO 0 0 0 0 Z,. ] B..|
The general form for (13c¢) is
{AV}_%W 0}{3}
(13d)
AVl L 0 Zoo ][ Brew

Combining (13b) and (13d), the new A V' mismatches
matrix can be rewritten as

AV Zori in 0 Bl origin 0 I
“ o (13e)
A I/new O Znew 0 1 Inew

Case 2. Adding Z,,,.from a new bus to an existing bus k

A new bus connected to an existing bus through Z,,, with
1., injected at the new bus will have the current injecting into
existing bus k be the sum of /; plus /,.,,, as shown in Fig. 4.
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Fig. 4. Adding Z,.,.from a new bus to an existing bus k

The addition of a new bus connected through branch
impedance Z,,,, to an existing bus k£ .The current /., flows
into the network at bus £, and the By matrix will be

BlTt 1111114
B, 01111 1|14
B, _ 00110 0|£4 (14a)
B, 000T1O0O0}|4
B 000O0T11 I
| B.,] (00000 I I,
The general form for the modified ]51 matrix is
[ B }{Bmgm col.(k) ][ 1 } 14)
Bnew 0 1 __Inew

The new column is to copy the elements of the 4-th column
of By, origin t0 the new column. Fill “1” to the position of the
new row and the new column. AV mismatches matrix is

Vs |4 Z 0 0 0 O 0 B,
Vs v, zZ Z, 0 0 O 0 B,
Wl \% | 12 z, z, 0 0 0 | B | (l40)
K) V4 Zl ZlZ ZZ3 Z34 O O B4
I/O VS Zl ZIZ O O ZZS O BS
Vol Wl L4 Zn 0 0 Zy Z,, ]| B, |
The general form for (14c) is
AN MY
= (144d)
AV . row_ k Z, ||B,,

Combining (14b) and (14d), the new A V' mismatches
matrix can be rewritten as

AV _ Zorigin 0
AV | |row k Z,

B, . L.(k 1
1,origin co ( ) (146)
new ew 0 1 Inew

Case 3. Adding Z,,,,between two existing buses i and j

Adding a new branch with impedance Z,,,, between buses i
and j in Fig. 5, shows that these buses extract current from the
original network. The new branch current B,,, flowing from
bus i to bus j, causes voltage changes at bus j and bus i.
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Fig. 5. Adding Z,,,, between two existing buses i and j
Adding branch impedance Z,,,, between buses i and j, Fig.

5 shows a new loop. Taking the new branch current into
account, the current injections of bus 4 and bus 5 will be



]?—I4+Bnew (153)
Is=1I-B,,
The By matrix will be
Bl 1111 1] ]
B, 01 1 11 I,
B/ |={0 0 1 1 0| 1 (15b)
B, 0001 0|Z4+B,,
| Bs] [0 0 0 0 I I,-B,,,
Equation (15b) can be rewritten as
BT [t 1 11 1[4 ] 1 1]
B, 01 1 1 14, 11
Bi|=|0 0 1 1 0|1 |+1 O{B”‘“‘l (15¢)
B, [0 001 0] 1| e
|Bs| |0 0 0 0 1] I 10 1]
And the modified By matrix can be obtained as
Bl 11111 o4 ]
B, 01 1 1 1 0f 1
B3:001101 I (15d)
B, 00010 1]1,
B, 000 O0T1 -1 S
| B;] [0 00 0 0 1] -
The general form for the modified By matrix is
- B }z{Bngm col (i— j)}[ I } (150
_Bnew 0 1 Bnew

The new column is column i minus column j of By gyigin. The
new row filled with “0” in By, ggin Finally, fill “1” to the
position of the off-diagonal.

Considering case3 shown in Fig. 5, KVL for this loop can
be written as

Z,B,+Z.,B,+Z B

new new_ZZSBS :0 (168')

Combining (16a) and (10a), the new A V" mismatch matrix can
be written as

w11z o o o o o7B

vl \%| 1z 2z, o o o0 o0 | B

Vo V3 _ Zl le Zza 0 0 0 B3 (16b)
VO V4 Zl ZIZ ZZ3 ZS4 0 0 B4

VO I/‘5 Zl ZIZ 0 0 ZZS 0 BS

ol o]0 0 Z, Z, ~Zs Z, | Bw.

T_he _gen_erai fo_rm for (16b) and the modified Zy_gc matrix is

AV _ Zurigin 0 B
O B I"OW.(Z - ]) Znew B}’lé’w

Combining (15¢) and (16c), the new A ¥ mismatch matrix can
be rewritten as

(16¢)

5

A — Zan'igin ‘ 0 Bl,origin COl(l _J ) ] ( 16 d)
0| lrowi-p z,.] 0 1 |B,
The new row is row i minus row j of Zi,. Finally, fill Z,,,,
to the position of the off-diagonal.
The building algorithm of Step 2) and 5) for the By and Zy.

pc Matrices can be modified as in (15) and (16).

Case 4. Adding a new bus through Z,,, between two existing
buses i and j

The addition of a new bus k& connected through Z,,,, from
existing bus i fo bus j in Fig. 6, shows the new branch current
B,.,, flowing from bus i to bus j through the new bus (Z,,,=0).
When the new bus £ is injected with /., the change in voltage
at each bus is caused by the branch current -B,,,, at bus i, the
branch current -By; at the new bus, and By; at bus ;.
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Fig. 6. Adding a new bus through Z,., between two existing
buses i and j

To add a new bus k through Z,.,, between two existing
buses i and j in Zygin, in Fig. 6, which shows that the branch
current By is flowing from bus k to bus j. The change in
voltage at each bus is caused by the injection /,,,, at bus & and
branch current By. The modified By matrix will be

Bl [t 11111 014
B, 011111 0|4
B, 001100 031 (17a)
B, |=|0 001 00 0]/,
B, 000010 1]|I
B, | 000001 -1|71
B, | [0 00000 1Jp

The general form for (17a) with the modified ]_31 matrix is

B Bl,origin COI(Z) COI‘(k - J) I
Bnew = 0 1 0 ]new (1 7b)
B 0 0 1 B

ki ki

The first new column is to copy elements of the i-th column
of By, origin t0 the new column. And fill “1” to the position of
the first new row and column. The second new column is
created by column & minus column j of By, origin. The new rows
fill “0” of By, origin. The off-diagonal elements of the new row

and column are “1”’s.



The bus voltage changes are established by the new row,
which are the elements of row & of Z,,,,;, after subtracting row
J from row k of Z4, and multiplying the result by branch
current. Considering case4 shown in Fig. 6, KVL for this loop
can be written as

Zneanew _BSZZS = 0 (183)
Combining (18a) and (10a), the new A ¥ mismatch matrix can
be written as

Vy 4 Z 0 0 0 0 0 0| B
Vol | Vs Z Z, 0 0 0 0 0| B (18b)
s Vs Zy Zy, Zy O 0 0 0 B
ol=\Ve |51 4 2, Zy Zy O 0 0| B,
vyl |V Z Z, 0 0 Z, 0 0B
Vol [ Veew | |4 22 0 0 0 Z, 03B,
70 i _0 1L 0 0 0 0 Zzs _Z:ww 0, B/:/
The general form for the modified Zy_gc matrix is
A V Zorigin 0 0 B
A I/new = row(i) Z}'IEM/ 0 Bnew (1 80)
|0 i rowk—j) 0]| B, |

The first new row is rowing i of Zgin. Finally, fill Z,,,, to
the position of the off-diagonal. The second new row is row k
minus row j of Z,,;,;,. The off-diagonal element of the second
new row and column is “0”.

Combining (17b) and (18c), the new A V' mismatches matrix
can be rewritten as

AV Z yigin 0 0| B col.(i) col(k—))|| I

AV, |=| row@) Z,, 0 0 1 0 1.,

0 row(k — j) 0 0 0 1 B,
The building algorithm of Step 2) and 5) for the By and Zy_pc
matrix can be modified as in (17) and (18).

From (13) to (18), it can be seen that the building
algorithms of By and Zy_pc matrices are similar, the nonzero
terms of these two matrices are transposed and can be built by
the same subroutine in a program. For example, the voltages
mismatches of (16d) can be rewritten as

AV 1 A4 M
0 :[ZV-BC][BI] =

BHCW M N B}’lé’W
Applying Kron’s Reduction to (19), the modified algorithm
for weakly meshed networks can be obtained by

AV=[4-M"N"'M |[1] (20)

Note that except for some modifications needed to be done
for the By and Zy_gc matrices. Therefore, when the topology of
a distribution power system is weakly meshed, the proposed
method can obtain better performance for the power flow
solution.

Lorigin

(18d)

(19)

V. SIMULATION RESULTS
The proposed three phase power flow algorithm was im-
plemented using MATLAB and tested on a Windows-XP-
based AMD-Athlon-2500+ PC. Three methods are used for
tests and the convergence tolerance is set to 0.001 p.u.
Method 1: The Gauss implicit Z-matrix method [9].
Method 2: The traditional Newton-Raphson method.

Method 3: The proposed algorithm

S/s
Bus 0

Bus 6

4|5b o

Bus 5

Fig.7. Eight-bus distribution system

A. Accuracy Comparison

An eight-bus system, including the three phase, double-
phase, and single-phase line sections and buses is shown in
Fig. 7 for testing and comparisons. The final converged
voltage solutions of method 3 are very close to other existent
methods shown in Table 1.

TABLE 1
FINAL CONVERGED VOLTAGE SOLUTIONS

Method 1 Method2 Method3
Voltage
(Pw)
1.0000
1.0000
1.0000
0.9864
0.9876
0.9833
0.9627
0.9721
0.9636
0.9582
0.9684
0.9566
0.9883
0.9625
0.9612

Bus

Angle Phase

(Rad)
0.0000

-2.4960
2.4960
0.0054
-2.4887
24812
0.0046
-2.4864
24798
0.0039
-2.4832
0.0032
-2.4916
24786
24718

Voltage
Pw)
1.0000
1.0000
1.0000
0.9863
0.9877
0.9834
0.9628
0.9719
0.9633
0.9583
0.9686
0.9563
0.9884
0.9626
0.9615

Angle
(Rad)

0.0000
-2.4960
2.4960
0.0054
-2.4887
24812
0.0046
-2.4864
24798
0.0039
-2.4832
0.0032
-2.4916
24786
24718

Voltage
Pw)
1.0000
1.0000
1.0000
0.9861
0.9878
0.9835
0.9629
0.9719
0.9632
0.9583
0.9686
0.9563
0.9884
0.9626
0.9614

Angle
(Rad)

0.0000
-2.4960
2.4960
0.0054
-2.4887
24812
0.0046
-2.4864
24798
0.0039
-2.4832
0.0032
-2.4916
24786
24718
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B. Performance Test

A main feeder trunk with 3x90-phase buses was obtained
from the Taiwan Power Company (TPC) for the performance
test. The single and double-phase laterals have been lumped to
form the unbalanced loads for testing purposes. The substation
is modeled as the slack bus. This trunk is duplicated for the
various sizes for tests as shown in Table II [6].

TABLE 11
TEST FEEDER

No. of Nodes

Feeder No. | Length (km)




1 45 1.5
2 90 25
3 135 32
4 180 4.0
5 270 74

Fig.8 illustrates the number of the normalized execution
time (NET) for the three methods. The performance of method
3 is set to 1.0 for Feederl. We can find that method 3 is more
efficient and fast especially when the network size increases.
For a 270-node system, method 3 is almost 22 times faster
than method 1.

Some branches will be connected to form various numbers
of loops to the test feeder to make the system “meshed” for
tests as shown in Table III. The result shows that the number
of iterations (IT) of the proposed method is stable, but the
normalized execution time will increase when the numbers of
meshed loops increase, since the meshed networks add the
nonzero terms to the By and Zy_gc matrices.

10000 |
Method 1
. 197832
 Method 2 o
1000 Method 3
NET
100

Feeder No.1

Feeder No.2  Feeder No.3  Feeder No4  Feeder No.S

Fig.8. Number of the normalized execution time

TABLE III
NUMBER OF IT AND NET
Feeder No. No. of Loops NET IT
1 1 1.12 3
2 2 5.27 3
3 4 17.32 3
4 5 37.68 4
5 6 115.60 4

C. Robustness Test

The ill-condition problems of the Jacobian matrix or Y
admittance matrix make the power flow program diverge. It
usually occurs when the system contains some very short/long
lines. Two cases are shown for the IEEE 30-bus system, which
is known to be a relatively weaker system for test [21], [22].

A heavy load test at bus No. 30 for IEEE 30-bus is shown
in Table IV. The load is adjusted by multiplying a factor K;
that ranges from 0 to 3. The voltage sag occurs (0.94885 pu)
when K; is 2.15, and power-flow solution needs more
iterations to converge. Increasing K;, the system further
weakened, and the proposed method is very robust.

TABLE IV
NUMBER OF ITERATION FOR HEAVY LOAD TEST

K Method 1 Method 2 Method 3
0.5 3 3 3

1 3 3 3

1.5 4 3 3

2 5 4 4
2.5 5 4 4

3 5 4 4

VI. DISCUSSION AND CONCLUSION

A direct approach for calculating distributed power flow
solutions was proposed in this paper. Two matrices, which are
developed from the topological characteristics of distribution
systems, are used to solve load flow problem. The By matrix
represents the relationship between bus current injections and
branch currents, and the Zypc matrix represents the
relationship between branch currents and bus voltages. These
two matrices are combined to form a direct approach for
solving power flow problems with four cases classified
according to connected structure. The time-consuming LU
decomposition and forward/backward substitution of the
Jacobian matrix or the Y admittance matrix, required in the
traditional Z-Matrix building algorithms, is not needed in the
new development. Test results demonstrate that the proposed
algorithm is suitable for large-scale distribution systems. The
ill-conditioned problem that usually occurs in the traditional
solution techniques can be avoided here. Extensive
comparisons of the proposed method with other load flow
methods and the integration of other equipment models such
as transformer, capacitors, and voltage regulators into the
proposed method will be discussed in future works.

VII. REFERENCES

[1] W. M. Lin and M. S. Chen, “An overall distribution automation structure,”
IEEE Elect. Power Syst. Res., vol. 10, pp. 7-19, 1986

[2] J. H. Teng, “Modelling distributed generations in three-phase distribution
load flow”, IET Proc. Generation, Transmission and Distribution, vol. 2,
pp. 330-340, May. 2008.

[3] B. Stott and O. Alsac, “Fast decoupled load flow,” IEEE Trans. Power
Apparat. Syst., PAS-93, pp. 859869, May 1974.

[4] J. H. Teng and W. M. Lin, “Current-based power flow solutions for
distribution systems,” in Proc. IEEE Int. Conf. Power Syst. Technol.,
Beijing, China, 1994, pp. 414-418.

[5] W. M. Lin and J. H. Teng, “Phase-decoupled load flow method for radial
and weakly-meshed distribution networks”, IEE Proc. Generation,
Transmission and Distribution, vol. 143, pp. 39-42, Jan. 1996.

[6] W. M. Lin, Y. S. Su, H. C. Chin, and J. H. Teng, “Three-Phase Unbalance
Distribution Power Flow Solutions with Minimum Data Preparation”,
IEEE Trans. Power Syst., vol. 14, pp. 1178-1183, Aug. 1999.

[7] J. H. Teng, Y. S. Su, and W. M. Lin, “Decomposition approach and
analysis for a Z-matrix building process”, [EE Proc. Generation,
Transmission and Distribution, vol. 151, pp. 638-643, Sept. 2004.

[8] T. H. Chen, M. S. Chen, T. Inoue, and E. A. Chebli, “Three phase
cogenerator and transformer models for distribution system analysis,”
IEEE Trans. Power Delivery, vol. 6, pp. 1671-1681, Oct. 1991.

[9] T. H. Chen, M. S. Chen, K. J. Hwang, P. Kotas, and E. A. Chebli,
“Distribution system power flow analysis—A rigid approach,” [EEE
Trans. Power Delivery, vol. 6, pp. 1146-1152, July 1991.

[10] T.H. Chen and J. D. Chang, “Open wye-open delta and open delta-open
delta transformer models for rigorous distribution system analysis,” in
Proc. Inst. Elect. Eng., vol. 139, 1992, pp. 227-234.



[11] T. H. Chen, M. S. Chen, W. J. Lee, P. Kotas, and P. Van Olinda,
“Distribution system short circuit analysis-A rigid approach,” [EEE
Trans. Power Syst., vol. 7, pp. 444-450, Feb. 1992.

[12] D. Shirmohammadi, H. W. Hong, A. Semlyen, and G. X. Luo, “A com-
pensation-based power flow method for weakly meshed distribution and
transmission networks,” I[EEE Trans. Power Syst., vol. 3, pp. 753-762,
May 1988.

[13]G. X. Luo and A. Semlyen, “Efficient load flow for large weakly meshed
networks,” IEEE Trans. Power Syst., vol. 5, pp. 1309-1316, Nov.1990
[14]C. S. Cheng and D. Shirmohammadi, “A three phase power flow method
for real-time distribution systems”, [EEE Trans. Power Syst., vol.10,

pp.671-679, May 1995.

[15]R. D. Zimmerman and H. D. Chiang, “Fast decoupled power flow for
unbalanced radial distribution systems,” IEEE Trans. Power Syst., vol.
10, pp. 2045-2052, Nov. 1995.

[16]W. M. Kersting and L. Willis, “Radial Distribution Test Systems, /[EEE
Trans. Power Syst.,”, vol. 6, IEEE Distribution Planning Working Group
Rep., Aug. 1991.

[17]).D. Glover and M. Sarma: ‘Power system analysis and design’ (PWS
Publishing Co, 1994)

[18]J. J. Grainger and W. D. Stevenson: ‘Power system analysis’ (McGraw-
Hill International Editions, 1994)

[19]H. E. Brown: ‘Solution of large networks by matrix methods’ (John Wiley
and Sons, New York, 1985)

[20]R. Bergen and V. Vittal: ‘Power Systems Analysis’ (Prentice-Hall, Inc.,
2000)

[21]W. M. Lin, T. S. Zhan, and M. T. Tsay, “Multiple-frequency three-phase
load flow for harmonic analysis”, IEEE Trans. Power Syst., vol. 19, pp.
897-904, May 2004.

[22]W. M. Lin, C. H. Huang, and T. S. Zhan, “A Hybrid Current-Power
Optimal Power Flow Technique”, IEEE Trans. Power Syst., vol. 23, pp.
177-185, Feb. 2008.

VIII. BIOGRAPHIES

Ting-Chia Ou (M’05) was born in 1971. He received
his BS-EE from the National Taiwan University of
Science and Technology, Taipei, Taiwan, in 1996 and
MS-EE from the National Sun Yat-Sen University,
Kaohsiung, Taiwan, in 2002. He is currently pursuing
his Ph.D. degree at National Sun Yat-Sen University.
He was an Electrical Engineer at Taiwan Railway
Administration, Kaohsiung, Taiwan, in 1998. He joined
Institute of Nuclear Energy Research in 2008, Tao
Yuan, Taiwan, and worked with nuclear power system
research. His research interests include Distribution system, Power system
operation, Hybrid generation system, and Smart grid. Mr. Ou is a Member of
IEEE.

Whei-Min Lin (M’87) was born October 3rd, 1954.
He received his BS-EE from the National Chao-Tung
University, Hsin-Chu, Taiwan, and the MS-EE from
the University of Connecticut, Storrs, and the Ph.D.
degree in electrical engineering from the University of
Texas, Arlington, in 1985. He worked at Chung-Hwa
Institute for Economic Research, Taipei Taiwan, as a
visiting researcher after his graduation. He joined
Control Data Corporation in 1986, Minneapolis, MN,
and worked with Control Data Asia, Taipei, Taiwan, in 1989. He has been
with National Sun Yat-Sen University, Kaohsiung, Taiwan, since 1991.
Dr. Lin’s interests are GIS, Distribution system, SCADA and automatic
control system. Dr. Lin is a member of IEEE and Tau Beta Pi.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /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 ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


