
Carrier-based PWM Design of Multilevel ANPC-based 
Converter through Hierarchical Decomposition 

 

Yuzhuo Li, Yun Wei Li, Hao Tian 
Department of Electrical & Computer Engineering  

University of Alberta  
Edmonton, Canada  

yuzhuo@ualberta.ca, yunwei.li@ualberta.ca, htian2@ualberta.ca
 
 

Abstract—Traditional PWM design of multilevel active-
neutral-point-clamped (ANPC) based converter is complex and 
lack of scalability especially when the voltage level increases. This 
is particularly true when considering loss distribution, waveform 
quality and control modularity in the PWM process. This paper 
firstly proposes a general PWM design approach for multilevel 
ANPC-based converter through hierarchical decomposition. 
Modified from decomposition theory, the hierarchical 
decomposition is introduced in this work to facilitate 
identification of different operation patterns for an arbitrary 
ANPC-based topology. Based on the proposed approach, 
simplified PWM schemes for various patterns are designed 
modularly through carrier-based methods (i.e. level-shift and 
phase-shift PWM). Experiments of ANPC-based topologies show 
the universality of the proposed method. 

Keywords—Carrier-based pulse-width modulation; active-
neutral-point-clamped converter; multilevel pulse-width 
modulation; hierarchical decomposition 

I. INTRODUCTION  

Voltage source multilevel converters (MLCs) have been 
widely applied in industry due to the merits of high-quality 
output, reduced voltage stress on semiconductor devices, high 
equivalent switching frequency, low dv/dt, and so on [1].  

Among various topologies, the active-neutral-point-
clamped (ANPC) topology (e.g. three-level (3L) ANPC [2]) 
can easily achieve equal loss distribution compared to the 
conventional neutral-point-clamped (NPC) topology. In 
addition, various MLCs are proposed based on the multilevel 
ANPC topology, such as the five-level (5L) ANPC [3], Dual 
Flying Capacitor (DFC) ANPC [4], etc. Challenges of these 
ANPC-based topologies, such as circuit analysis [5], basic 
modulation schemes [6-7], fault-tolerant controls [8-9], have 

been studied for years. However, existing PWM methods 
mainly focus on 3L topologies and unfortunately lead to very 
complex modulation algorithm for higher-level ANPC (i.e. 
four-level (4L) or higher) due to the lack of systematic 
analysis, especially when considering the system loss 
distribution, waveform quality, and control modularity. 

In this paper, a simplified systematic PWM design method 
is proposed for arbitrary ANPC converters through hierarchical 
decomposition method. Based on this method, an N-level 
ANPC-based topology can be decomposed into smaller sub-
topologies (output level is lower than N), and then, different 
PWM patterns should be adopted for each sub-topology, which 
naturally simplifies the switching network into several 
decoupled parts, i.e. high switching frequency (HSF) parts 
with PWM operation and low switching frequency (LSF) 
parts. Thereafter, systematic PWM design procedure can be 
carried out for each part with corresponding topological 
features, which results in simplification of various modulation 
strategies. 

II. HIERARCHICAL DECOMPOSITION 

Here are several concepts that will be used in this paper: 
(1) A switch group (SG) is a column of switches in an ANPC 
topology as labeled by red dotted box in Fig. 1(a)~(h). (2) A 
switch cell (SC) is a pair of two series-connected switches 
with complementary states (also known as half-bridge) in an 
SG (in Fig. 1(a), SG1 has two SCs, while SG2 has one SC). (3) 
A simplified representation is the figure of ANPC topology 
with only labels of SGs and SCs and colors indicating 
operation patterns (red is for HSF parts, blue is for LSF parts) 
as shown in Fig. 1(i)~(p). 

 
Fig. 1: All possible PWM patterns of 3L ANPC (a) 3L-PWM-1, (b) 3L-PWM-2, (c) 3L-PWM-3, (d) 3L-PWM-4, (e) 3L-PWM-5, (f) 3L-PWM-6, (g) 3L-PWM-7, 
(h) 3L-PWM-8, simplified representations of corresponding PWM patterns (i)~(p).  
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Decomposition theory was proposed for the design of 
modularized and distributed control of wired and wireless 
networks [10], especially for solving the network utility 
maximization (NUM) problem. The basic idea of 
decomposition for NUM is to decompose the original large 
optimal problem into subproblems (see Fig. 2(a)). Primal 
decomposition, dual decomposition, and hierarchical 
decomposition methods were introduced in literature [11-12]. 
Due to the similarity between information network and switch 
network, this analytical approach to NUM problems can be 
modified for topology analysis and modulation design. 
Therefore, the basic idea of decomposition for ANPC-based 
converters is to hierarchically decompose the original large 
complex circuit into several down-scale circuits (see Fig. 2(b)). 

Here the First Level Decomposition (1st-D) is to split an N-
level ANPC topology into two sub-topologies, and one of them 
is an (N-1)-level ANPC topology. Then the (N-1)-level ANPC 
topology obtained in 1st-D can be further split into two sub-
topologies, and one of them is (N-2)-level ANPC topology 
during the process of the second level decomposition (2nd-D). 
For an N-level ANPC topology, the Final Level Decomposition 
(or it can be called (N-3)th-D) is expected to obtain 3L ANPC 
topology and another sub-topology. The maximum number of 
ith level decomposition is always three as shown in Fig. 2(c). 
Therefore, for an N-level ANPC topology, there should be 3N-3 
decompositions (N is an integer, N>3). For a 4L-ANPC 
converter, there are three 1st-Ds as shown in Fig. 3. In such 
way, an arbitrary ANPC topology can always be considered as 
an iterative representation based on 3L ANPC cells regardless 
of whatever potential PWM operation principles are applied. 
For a 3L ANPC topology, there are five PWM patterns that can 
guarantee effective operation of whole voltage output ranges 
with pulse-width modulated process as shown in Fig. 1(a)~(e) 
[6, 13] (detailed discussion will be provided in PWM design 
section). 

III. THE GENERAL PWM DESIGN PROCEDURE FOR ANPC-
BASED CONVERTERS 

Although different modulation methods were proposed in 
literature, most of them are designed for an ANPC with 
specific level (e.g. 3L ANPC topology, 5L ANPC-based 
topology) [2, 6, 7, 13-14]. These conventional design methods 
normally face difficulties of scalability for high-level ANPC 
topologies. In fact, considering all the redundant switching 
states of an ANPC topology, each SG/SC of the topology may 
operate at HSF based on a certain modulation scheme, 
resulting in a large number of possible PWM patterns. 
However, only a small number of PWM patterns are 
considered in literature, leading to non-comprehensive and 
unfair conclusions. In [15], a specific PWM scheme is 
introduced by applying the virtual-vector concept for a 4L 
ANPC. In [16], another PWM pattern is proposed for a general 
N-level converter leg, changing the states of N switches 
between the transition of two adjacent switching states. More 
patterns are remained to be evaluated. 

To demonstrate the count of possible patterns, a 5L ANPC 
topology is used as an example. Assuming that there are k SCs 
(the total number of SCs in 5L ANPC topology is 10, 0≤k≤10) 
operating at HSF, the number of possible PWM patterns in this 
case can be calculated by [10*9*…*k/k* (k-1) *…*2*1]. The 
total number of all possibilities is 1024 (210). For an N-level 
ANPC, this number can be calculated by 2N(N-1)/2. 

A conventional method is to exhaustively search all the 
possibilities one by one and carry out PWM design process for 
each of them. However, not all patterns can realize proper 
PWM operation during the whole output regions. These 
ineffective patterns greatly increase the complexity of the 
PWM design process. To avoid this problem, a systematic 
PWM design procedure with three simple steps is proposed 
based on hierarchical decomposition as shown in Fig. 4. 
Firstly, the SG-based PWM patterns are derived to realize 
basic pulse-width modulated operation during the whole output 
regions. Secondly, effective PWM patterns can be designed 
based on step one and hierarchical decomposition process. 
Thirdly, the modularized modulation can be designed for each 
pattern by utilizing the carrier-based PWM with a modular 
evolution from low to high level ANPC converters. This three-
step procedure is introduced in detail through following 
Sections IV and V. 

 
Fig. 2: hierarchical decomposition (a) for network utility maximization, (b) for 
ANPC-based topology, (c) three possible results for ith level decomposition.  

 
Fig. 4: The PWM design procedure based on hierarchical decomposition. 

 
Fig. 3: Three first level decompositions of 4L ANPC topology. 
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IV. DERIVATION OF PWM PATTERNS  

A. Switch-group-based PWM patterns 

The first step of PWM design is to identify effective 
patterns of an ANPC topology based on all the potential 
operation patterns of its SGs, which is called SG-based PWM 
patterns. In fact, the similar concept, Switching Pole is 
introduced to describe each column of switches of an ANPC 
leg in [17]. Same as in [16], a specific pattern is presented to 
guarantee the proper PWM operation during the whole output 
regions, however, all the other patterns are neglected. 

To derive all effective SG-based PWM patterns, the general 
N-level ANPC topology is shown in Fig. 5(a). It is composed 
of N-1 SGs and a dc link using N-1 series-connected capacitors 
(or dc sources). Each SG may operate at HSF. Theoretically, 
for an N-level ANPC topology, there are 2N-1 kinds of SG-
based PWM patterns. Since this paper is mainly focused on 
carrier-based PWM design, the one with all SGs at LSF is not 
considered. Therefore, a N-level ANPC topology has (2N-1-1) 
effective SG-based PWM patterns. 

Fig. 5(b)~(d) shows three representative types as examples 
named SG-a (in Fig. 5 (b)), SG-b (in Fig. 5 (c)), SG-c (in Fig. 
5 (d)). In Fig. 5 (b), the converter operates with one HSF part 
(red region) and one LSF part (blue region). SG1 (HSF part) is 
designed to operate at PWM frequency fPWM, while SG2~SGN-1 
can be basically controlled to generate staircase or step 
waveform by using fundamental frequency f0. In Fig. 5(c), the 
converter operates with two LSF parts and one HSF part. SGi 
(i is an integer satisfying 2≤i≤N-2) is controlled at HSF (the 

rest at LSF). By manipulating the operation of SG1~SGi-1, the 
output port voltage of the SGi-1 can be controlled at f0 to form 
equivalent dc links as labeled in Fig. 5(c). Then SGi should 
work at HSF through the modulation process to output 
modulated voltage pulses during the whole output regions. In 
Fig. 5(d), the converter operates with one LSF part and one 
HSF part with SGN-1 at HSF (the rest at LSF). 

Take a 4L ANPC topology as an example. Eight SG-based 
PWM patterns of 4L-ANPC are derived as shown in Fig. 6. 
The first seven patterns are effective and can realize PWM 
output in full operation range. While the eighth one named 4L-
PWM-8 has all SGs operating at LSF, and is out of scope. 

B. Derivation of effective PWM patterns through 
hierarchical decomposition 

The second step of PWM design is to derive other PWM 
patterns of an ANPC topology through combinations of SG-
based PWM patterns and hierarchical decomposition process. 
The unique combinations will be further extended considering 
all the PWM patterns of 3L ANPC as shown in Fig. 1, which 
results in various possible PWM patterns. For those SG-based 
patterns with HSF SGN-1, all seven 3L patterns can be utilized. 
While for those without HSF SGN-1, five effective 3L patterns 
can be utilized. 

To easily obtain all the unique patterns, all results could be 
sorted according to their number of HSF SCs. Take a 4L 
ANPC as an example, its effective SG-based PWM patterns 
(see Fig. 6) and its hierarchical decompositions (see Fig. 3) are 
considered which results in 21 combinations. After utilizing all 
possible PWM patterns of 3L ANPC, 49 unique PWM patterns 
are derived as shown in Table I. 

The HSF SCs are indicated as “1”, while the LSF SCs are 
noted by “0”. Systematic naming rules are based on the number 
of output levels, the level of topological decomposition, and 
the SG-based PWM pattern. For a 4L ANPC, the name of 1st-
D-based PWM patterns can be determined by using format: 
4L-PWM-x1x2x3, where x1 is referred as the SG-based PWM 
pattern of 4L ANPC, x2 means one of 1st-Ds, x3 shows one of 
the possible PWM patterns of 3L ANPC. The name of 1st-D-
based 5L PWM patterns can be determined by using a similar 
format as 4L ANPC: 5L-PWM-x1x2x3, where x1 is referred as 
the SG-based PWM pattern of 5L ANPC, x2 means one of 1st-
Ds, x3 shows one of the possible SG-based PWM patterns of 
4L ANPC. Furthermore, the derivation process of PWM 
patterns of an arbitrary N-level ANPC can be carried out in a 

 
Fig. 6: Eight SG-based PWM patterns of 4L ANPC. 

 
Fig. 5: (a) N-level ANPC Topology, (b) SG-a, (c) SG-b, (d) SG-c. 
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similar way. Due to limited paper length, other patterns of 
higher-level ANPC are omitted here. 

TABLE I  
DIFFERENT PWM PATTERNS OF 4L ANPC 

 Note: ‘1’ means HSF, ‘0’ means LSF 

V. DESIGN AND IMPLEMETATION OF CARRIER-BASED 

PWM 

Through the proposed process, various PWM patterns are 
systematically obtained. As a third step, the PWM design can 
be carried out. 

For HSF SCs in one PWM pattern, pulse-width modulation 
schemes should be designed to produce the modulation 
reference. Compared to space-vector-based modulation, 
carrier-based modulation is more straightforward to be 
extended for high-level topologies, without increasing the 
complexity of the algorithm [18]. In [19], two types of 
multicarrier-based PWM are introduced, i.e. level-shift (LS) 
PWM, phase-shift (PS) PWM, respectively. In Section V. B 
and C, carrier-based PWM are introduced for HSF SCs in 
various PWM patterns. For LSF SCs in PWM patterns, 
modulation processes should assist the operation of HSF parts 
and maintain the appropriate device voltages. In Section V. D, 
modulation at fundamental switching frequency during full 
output range is designed for LSF SCs to reduce the switching 
actions as much as possible. 

A. Device utilization patterns 

 To design proper carrier-based PWM for a certain pattern, 
the general principles of SCs operation during whole output 
ranges should be investigated first. For an arbitrary N-level 
ANPC, two output adjacent levels are normally produced 
during a certain period to achieve better voltage quality and 
low dv/dt, e.g. i-level and (i-1)-level, i≤N. To systematically 
indicate the SCs that participate in two output adjacent levels, 
device utilization patterns are identified accordingly. For 4L 
ANPC topology, there are four levels named as 4L, 3L, 2L, 
1L. To output two adjacent levels, the participated SCs 

follows three device utilization patterns named as 4L-DUP-1 
(Fig. 7(a)), 4L-DUP-2 (Fig. 7(b)), 4L-DUP-3 (Fig. 7(c)). To 
output [1L, 2L], at least one of the following cells SC13, SC22, 
SC31 (highlighted by yellow) must be utilized, while SC12 and 
SC21 (in light grey) could be utilized as shown in Fig. 7(a). 
The dark grey SC11 has nothing to do with associated output 
region. To output [2L, 3L], at least one of the following cells 
SC12, SC21, SC22, SC31 (highlighted by yellow) must be 
utilized, while SC11 and SC13 (in light grey) could be utilized 
as shown in Fig. 7(b). To output [3L, 4L], at least one of SC11, 
SC21, SC31 (highlighted by yellow) must be utilized in the 
current paths. At the same time, SC12, SC22 (highlighted by 
light grey) could also be utilized. The SC13 (highlighted by 
dark grey) cannot affect this output region. 

B. Carrier-based PWM for 3L ANPC 

 (1) Level-shift PWM 

For 3L ANPC, there are two SG-based PWM patterns of 
which the LS PWM can be easily applied as shown in Fig. 1 
(a)~(b). In [6], these two PWM schemes are referred as 
modulation 1 (Fig. 8(a)), modulation 2 (Fig. 8(b)), and are 
analyzed in detail. 

(2) Phase-shift PWM 

PS-PWM can be applied for three PWM patterns shown in 
Fig. 1(c)~(e). For the pattern 3L-PWM-3 in Fig. 1(c), a 
modified PS-PWM is introduced. The gate signals are shown 
in Fig. 9(a). There are two carriers, the first one (black line) is 
compared with the voltage reference (red), the second one 
(green) is compared with a tunable proportion (blue) which 
influences the number of switching actions of SC11 and SC21. 
The rotation of the conducting SC occurs when the proportion 

No 
4L PWM 
Patterns 

SC11~ SC13, SC21~ 
SC22, SG31 

No 
4L PWM 
Patterns 

SC11~ SC13, SC21~ 
SC22, SG31 

1 4L-PWM-1 111 00 0 26 4L-PWM-331 011 00 1 

2 4L-PWM-111 001 10 0 27 4L-PWM-333 010 01 1 

3 4L-PWM-112 101 10 0 28 4L-PWM-334 001 01 1 

4 4L-PWM-113 011 10 0 29 4L-PWM-335 011 01 1 

5 4L-PWM-114 111 10 0 30 4L-PWM-336 010 00 1 

6 4L-PWM-123 111 10 1 31 4L-PWM-337 001 00 1 

7 4L-PWM-124 111 01 1 32 4L-PWM-4 111 11 0 

8 4L-PWM-131 100 01 0 33 4L-PWM-413 101 11 0 

9 4L-PWM-132 110 01 0 34 4L-PWM-5 111 00 1 

10 4L-PWM-133 101 01 0 35 4L-PWM-511 001 10 1 

11 4L-PWM-134 111 01 0 36 4L-PWM-512 101 10 1 

12 4L-PWM-2 000 11 0 37 4L-PWM-513 011 10 1 

13 4L-PWM-212 100 11 0 38 4L-PWM-516 101 00 1 

14 4L-PWM-213 010 11 0 39 4L-PWM-531 100 01 1 

15 4L-PWM-214 110 11 0 40 4L-PWM-532 110 01 1 

16 4L-PWM-222 000 10 1 41 4L-PWM-533 101 01 1 

17 4L-PWM-223 000 01 1 42 4L-PWM-6 000 11 1 

18 4L-PWM-233 001 11 0 43 4L-PWM-612 100 11 1 

19 4L-PWM-234 011 11 0 44 4L-PWM-613 010 11 1 

20 4L-PWM-3 000 00 1 45 4L-PWM-614 100 11 1 

21 4L-PWM-311 110 00 1 46 4L-PWM-633 001 11 1 

22 4L-PWM-313 100 10 1 47 4L-PWM-634 011 11 1 

23 4L-PWM-314 010 10 1 48 4L-PWM-7 111 11 1 

24 4L-PWM-315 110 10 1 49 4L-PWM-713 101 11 1 

25 4L-PWM-316 100 00 1      

 
Fig. 7: Three device utilization patterns of 4L ANPC: (a) 4L-DUP-1, (b) 4L-
DUP-2, (c) 4L-DUP-3.

 
Fig. 8: Level-shift PWM for 3L ANPC under: (a) 3L-PWM-1 in Fig. 1(a), (b) 
3L-PWM-2 in Fig. 1(b). 

 
Fig. 9: Phase-shift PWM for 3L ANPC under: (a) 3L-PWM-3 in Fig. 1(c), (b) 
3L-PWM-5 in Fig. 1(e). 
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is bigger/smaller than the second carrier. Similar scheme can 
be designed for 3L-PWM-4 in Fig. 1(d). 

In [13], PS PWM named doubled frequency PWM can be 
applied for pattern 3L-PWM-5 (see Fig. 1(e)) to achieve a 
better loss distribution compared with modulation 1 (Fig. 1(a)) 
and modulation 2 (Fig. 1(b)). While it can also be considered 
as a mixture of the modulation 1 and modulation 2 in one 
carrier period [20]. The gate signals are shown in Fig. 9(b). 
The SC with subscript “up” means the ON/OFF state of the 
upper switch in a SC, while the subscript “down” means the 
lower switch. All three SCs operate in PWM frequency, and 
share the loss evenly. And the equivalent switching frequency 
is doubled by this method. 

C. PWM design for LSF SCs of ANPC (>3L) 

In Fig. 10, fundamental switching frequency PWM 
schemes are developed for LSF part of three basic SG-based 
patterns: 4L-PWM-1 (Fig. 10(a)), 4L-PWM-2 (Fig. 10(b)), 
4L-PWM-3 (Fig. 10(c)). In 4L-PWM-1, SG1 is operating at 
HSF, while SG2 and SG3 are at LSF which results in four 
states. Three LSF modulation schemes can be obtained based 
on four fundamental switching frequency states named “11”, 
“10”, “01”, “00”, where the first number is for the leftmost 
LSF SG, while the second number is for the rightmost LSF 
SG. The value “1” or “0” denotes the “ON” or “OFF” state of 
the associated SGs. Note that for SG-based PWM, all SCs in 
same SG operate based on same gate signals. In scheme 1, SG2 
is ON during [2L, 4L], while SG3 is ON during [3L, 4L]. In 
scheme 2, SG2 is ON during [3L, 4L], while SG3 is ON during 
[2L, 4L]. In scheme 3, SG2 is ON when the signal is larger than 
zero, while SG3 is ON during [3L, 4L] and [2L, 2.5L]. To 
achieve fundamental switching frequency, scheme 1, scheme 2 
or their combination can be applied. For LSF parts of 4L-
PWM-2 and 4L-PWM-3, the similar PWM can be applied with 
the simple substitution of associated LSF SGs as shown in Fig. 
10(b) and Fig. 10(c). 

For N-level SG-based patterns, PWM for N-1 LSF SGs 
(SG1~SGN-2) can be directly designed based on similar 
schemes. The signals of associated LSF SGs are assigned 
based on the N-2 bits binary number (total number of 
possibilities is 2N-2. In fact, to realize fundamental switching 

frequency modulation, the number of selected states should be 
three continuous Gray Code (only one binary number is 
different between any two adjacent codes). If N=5 (5L 
topology), there will be 23 states (i.e. “000”, “001”, “011”, 
“010”, “110”, “111”, “101”, “100”), leading to various 
fundamental switching frequency schemes, such as a scheme 
utilizing “111” during [4L, 5L], “110” during [3L, 4L], “100” 
during [2L, 3L], “000” during [1L, 2L] for SG1~SG3 if they are 
at LSF. For other patterns derived through step two, the similar 
schemes can be applied for LSF SCs. Take 4L-PWM-111 as 
an example, three states, “11” during [3L, 4L], “01” during [2L, 
3L], “00” during [1L, 2L], can be applied for LSF SCs. The 
first number of selected states is for SC11, SC12, SC22, while the 
second number is for SC31. 

D. PWM design for HSF SCs of ANPC (>3L) 

For those PWM patterns with all HSF SCs belonging to 
same SGs under any device utilization patterns, LS PWM can 
be easily applied. In the simplest case, LS PWM can be applied 
for the SG-based PWM patterns with only one HSF SG. In 
Fig. 11, there are three patterns named as 4L-PWM-1, 4L-
PWM-2, 4L-PWM-3, with associated LS PWM. For 4L-PWM-
1~3, the SCs within same SGs are assigned the same gate 
signals. In 4L-PWM-1, the LS PWM is applied for SG1. In 4L-
PWM-2, the LS PWM is applied for SG2, and the LS PWM is 
applied for SG3 in 4L-PWM-3. Note that, for 4L-PWM-2, the 
possible assignment of SG2 is determined by the LSF SCs. 

The designed LS PWM can also be implemented for other 
4L SG-based patterns with only minor modifications. For 4L-
PWM-4, the designed PWM signals of SG1 in 4L-PWM-1 (see 
Fig. 11(a)) and the designed PWM signals of SG2 in 4L-PWM-
2 (see Fig. 11(b)) can be directly applied for SG1 and SG2 in 
4L-PWM-4. While the LSF SC31 in 4L-PWM-1 and 2 should 
operate based on the same modulation signals to guarantee 
proper output. For other patterns derived through design step 
two, the LS PWM can be designed based on device utilization 
patterns. Same LS PWM signals are assigned for at least one of 
the HSF SCs that participate in two output adjacent levels. 

Moreover, for higher N-level ANPC, PWM patterns can be 
derived through the combination of available (N-1)-level 
ANPC PWM pattern and new PWM for the additional HSF 
SCs in the N-level converter. For example, for 4L ANPC, in 

 
Fig. 10: Fundamental frequency switching PWM under (a) 4L-PWM-1, (b) 4L-
PWM-2, (c) 4L-PWM-3. 

Fig. 11: LS-PWM under (a) 4L-PWM-1, (b) 4L-PWM-2, (c) 4L-PWM-3. 
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step two, different combinations of 3L ANPC and new HSF 
SCs will be generated. While the 4L PWM patterns can be 
realized by combining the 3L ANPC PWM patterns (including 
the PS PWM patterns) with the new HSF SCs in the 4L 
topology. The new PWM for additional HSF SCs can be 
obtained based on device utilization patterns, similar to the 
design process of SG-based patterns described earlier. 

E. Demonstration examples of proposed methods 

To further demonstrate the proposed method, the PWM 
design examples for 4L and 5L ANPC are shown below.  

In Fig. 12, the derivation process of pattern 4L-PWM-214 
is shown based on the decomposition 4-1st-D-2. Three device 
utilization patterns of 4L ANPC (see Fig. 7) are used to 
determine the specific PWM scheme of 4L-PWM-214. The 
gating signals of designed carrier-based PWM is shown in Fig. 
13. The modular PWM is achieved through a combination of 
PS PWM for 3L ANPC and LS PWM for 4L ANPC. To output 
[-Vdc/6, Vdc/2], PS-PWM is designed for HSF SCs (SC11, SC12, 
SC21) based on an equivalent pattern 3L-PWM-5. To output [-
Vdc/2, -Vdc/6], LS PWM is designed for HSF SC31. To realize 
the same equivalent switching frequency during the whole 
operation ranges, the carrier frequency for PS PWM is 
designed to be half of the LS PWM. 

In Fig. 14, the derivation process of pattern 5L-PWM-335 
is shown, which is based on the decomposition 5-1st-D-3. 
Considering all the device utilization patterns of 5L ANPC, the 
gating signals of designed carrier-based PWM is shown in Fig. 
15. The modular PWM is achieved through a combination of 
PS-PWM for 4L ANPC and LS PWM for 5L ANPC. To output 
[Vdc/4, Vdc/2], LS PWM is designed for HSC SC31. To output [-
Vdc/2, Vdc/4], PS PWM is designed for HSC SCs (SC22, SC23, 
SC32) based on an equivalent 4L ANPC with pattern 4L-PWM-
6 (see Table I). Similarly, the carrier frequency for PS PWM is 
designed to be half of the LS PWM to realize the same 
equivalent switching frequency during the whole operation 
ranges. 

VI. EXPERIMENTAL VERIFICATION 

To verify the proposed PWM design method, one phase leg 
of the 4L ANPC (see Fig. 16) is built in the lab, the associated 
parameters are listed in Table II. 

TABLE. II  
EXPERIMENT PARAMETERS 

Parameters 
Experiment 

SI p.u 
Rated Line voltage 82 V 1.0 

Rated Power (3 phase) 0.5 kVA 1.0 
DC-link Voltage 120 V -- 

DC link Capacitors Cdc 4000 uF 11 
Equivalent switching frequency 960Hz 16 

Carrier frequency for LS-PWM of  
4L-PWM-1~3 (case 1~3) 

fs1: 960Hz 16 

Carrier frequency for modular PWM of  
4L-PWM-214 (case 4) 

fs1: 480Hz 
fs2: 960Hz 

8 
16 

Experiments of four cases (case 1: 4L-PWM-1, case 2: 4L-
PWM-2, case 3: 4L-PWM-3, case 4: 4L-PWM-214) are carried 
out respectively. Based on the proposed method, carrier-based 

 
Fig. 12: Derivation of PWM pattern 4L-PWM-214. 

 
Fig. 13: Modular PWM for 4L ANPC under pattern 4L-PWM-214. 

 
Fig. 15: Modular PWM for 5L ANPC under pattern 5L-PWM-335. 

Fig. 14: Identification of PWM pattern 5L-PWM-335. 

 
Fig. 16: Single-phase 4L ANPC prototype. 
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PWM with fundamental switching frequency PWM can be 
easily designed for 4L-ANPC based on Section V. C and D.  

For 4L-PWM-1~3, the SCs within same SGs are assigned 
the same gate signals. In case 1 (4L-PWM-1), the LS-PWM is 
applied for SG1, while fundamental switching frequency 
scheme 1 (three states “11”, “10”, “00” are used as shown in 
Fig. 10(a)) are applied for SG2 and SG3. In case 2 (4L-PWM-
2), the LS-PWM is applied for SG2, while fundamental 
switching frequency scheme 2 (three states “11”, “01”, “00” 
are used as shown in Fig. 10(b)) are applied for SG1 and SG3. 
In case 3 (4L-PWM-2), the LS-PWM is applied for SG3, while 
fundamental switching frequency scheme 1 (three states “11”, 
“10”, “00” are used as shown in Fig. 10(c)) are applied for SG1 
and SG2. 

For each case, three modulation indexes (from high to low: 
1, 0.6, 0.2) are applied to demonstrate the PWM can guarantee 
the proper output modulated voltages. As shown in Fig. 17, 
despite of the different assignment of HSF SCs and LSF SCs, 
the designed PWM schemes for three PWM patterns have the 
identical output waveforms during the full operation ranges. 
For the experiment results of 4L-PWM-214 (see Fig. 18), the 
doubling of equivalent switching frequency can be observed in 
during output region [-Vdc/6, Vdc/2], while designed LS PWM 
and associated fundamental switching frequency modulation 
are achieved in the rest region. Due to the modularity of these 
schemes, simplification of PWM design process and easiness 
of optimization through PWM combination/rotation can be 
expected in practical applications. 

VII. CONCLUSIONS 

This paper proposes a systematic PWM design method for 
N-level ANPC-based converter through hierarchical 
decomposition and reveals the relationship between topological 
structures and modulation strategies. Based on the proposed 
method, modulation strategies for ANPC-based topology with 
simplified modular PWM, e.g. level-shift PWM, phase-shift 
PWM and fundamental frequency switching PWM can be 
systematically realized in a straightforward way. To validate 
the proposed method, the conventional ANPC converters are 
hierarchically decomposed into sub-topologies which leads to 
various PWM patterns. Thereafter, the carrier-based PWM 
schemes are designed modularly for specific PWM patterns of 
both 4L and 5L ANPC converters. The experimental results 
verify the universality of proposed approach. 

REFERENCES 
[1] S. Kouro et al., "Recent Advances and Industrial Applications of 

Multilevel Converters," in IEEE Transactions on Industrial Electronics, 
vol. 57, no. 8, pp. 2553-2580, Aug. 2010. 

[2] T. Bruckner, S. Bernet and H. Guldner, "The active NPC converter and 
its loss-balancing control," in IEEE Transactions on Industrial 
Electronics, vol. 52, no. 3, pp. 855-868, June 2005.  

[3] F. Kieferndorf, M. Basler, L. A. Serpa, J. H. Fabian, A. Coccia and G. 
A. Scheuer, "A new medium voltage drive system based on ANPC-5L 
technology," 2010 IEEE International Conference on Industrial 
Technology, Vi a del Mar, 2010, pp. 643-649. 

[4] T. Meynard, A. M. Lienhardt, G. Gateau, C. Haederli and P. Barbosa, 
"Flying Capacitor MultiCell Converters with Reduced Stored Energy," 
2006 IEEE International Symposium on Industrial Electronics, 
Montreal, Que., 2006, pp. 914-918. 

[5] A. K. Sadigh, V. Dargahi and K. A. Corzine, "Analytical Determination 
of Conduction and Switching Power Losses in Flying-Capacitor-Based 
Active Neutral-Point-Clamped Multilevel Converter," in IEEE 
Transactions on Power Electronics, vol. 31, no. 8, pp. 5473-5494, Aug. 
2016. 

[6] Y. Jiao and F. C. Lee, "New Modulation Scheme for Three-Level Active 
Neutral-Point-Clamped Converter With Loss and Stress Reduction," in 
IEEE Transactions on Industrial Electronics, vol. 62, no. 9, pp. 5468-
5479, Sept. 2015. 

[7] C. Li, S. Wang, Q. Guan and D. Xu, "Hybrid Modulation Concept for 
Five-Level Active-Neutral-Point-Clamped Converter," in IEEE 
Transactions on Power Electronics, vol. 32, no. 12, pp. 8958-8962, Dec. 
2017. 

[8] J. Li, A. Q. Huang, Z. Liang and S. Bhattacharya, "Analysis and Design 
of Active NPC (ANPC) Inverters for Fault-Tolerant Operation of High-
Power Electrical Drives," in IEEE Transactions on Power Electronics, 
vol. 27, no. 2, pp. 519-533, Feb. 2012. 

[9] J. Nicolas-Apruzzese, S. Busquets-Monge, J. Bordonau, S. Alepuz and 
A. Calle-Prado, "Analysis of the Fault-Tolerance Capacity of the 
Multilevel Active-Clamped Converter," in IEEE Transactions on 
Industrial Electronics, vol. 60, no. 11, pp. 4773-4783, Nov. 2013.  

[10] D. P. Palomar and M. Chiang, "A tutorial on decomposition methods for 
network utility maximization," in IEEE Journal on Selected Areas in 
Communications, vol. 24, no. 8, pp. 1439-1451, Aug. 2006. 

[11] D. P. Palomar and M. Chiang, "Alternative Distributed Algorithms for 
Network Utility Maximization: Framework and Applications," in IEEE 
Transactions on Automatic Control, vol. 52, no. 12, pp. 2254-2269, Dec. 
2007. 

[12] M. Chiang, S. H. Low, A. R. Calderbank and J. C. Doyle, "Layering as 
Optimization Decomposition: A Mathematical Theory of Network 
Architectures," in Proceedings of the IEEE, vol. 95, no. 1, pp. 255-312, 
Jan. 2007. 

[13] D. Floricau, E. Floricau, and M. Dumitrescu, “Natural doubling of the 
apparent switching frequency using three-level ANPC converter,” in 

 
Fig. 17: Experimental results of case 1~3. (a) case 1 (4L-PWM-1), (b) case 2 
(4L-PWM-2), (c) case 3 (4L-PWM-3). 

 
Fig. 18: Experimental results of case 4 (4L-PWM-214). 

2548



Proc. Int. School Nonsinusoidal Currents Compensation, Jun. 2008, pp. 
1–6. 

[14] Y. Deng, J. Li, K. H. Shin, T. Viitanen, M. Saeedifard and R. G. Harley, 
"Improved Modulation Scheme for Loss Balancing of Three-Level 
Active NPC Converters," in IEEE Transactions on Power Electronics, 
vol. 32, no. 4, pp. 2521-2532, April 2017. 

[15] E. Lupon, S. Busquets-Monge and J. Nicolas-Apruzzese, "FPGA 
Implementation of a PWM for a Three-Phase DC–AC Multilevel 
Active-Clamped Converter," in IEEE Transactions on Industrial 
Informatics, vol. 10, no. 2, pp. 1296-1306, May 2014. 

[16] S. Busquets-Monge and J. Nicolas-Apruzzese, "A Multilevel Active-
Clamped Converter Topology—Operating Principle," in IEEE 
Transactions on Industrial Electronics, vol. 58, no. 9, pp. 3868-3878, 
Sept. 2011. 

[17] J. Nicolás-Apruzzese, S. Busquets-Monge and J. Bordonau, "Design 
issues of the multilevel active-clamped converter," IECON 2011 - 37th 

Annual Conference of the IEEE Industrial Electronics Society, 
Melbourne, VIC, 2011, pp. 4409-4414. 

[18] Keliang Zhou and Danwei Wang, "Relationship between space-vector 
modulation and three-phase carrier-based PWM: a comprehensive 
analysis [three-phase inverters]," in IEEE Transactions on Industrial 
Electronics, vol. 49, no. 1, pp. 186-196, Feb 2002. 

[19] B. P. McGrath and D. G. Holmes, "Multicarrier PWM strategies for 
multilevel inverters," in IEEE Transactions on Industrial Electronics, 
vol. 49, no. 4, pp. 858-867, Aug 2002. 

[20] G. Zhang, Y. Yang, F. Iannuzzo, K. Li, F. Blaabjerg and H. Xu, "Loss 
distribution analysis of three-level active neutral-point-clamped (3L-
ANPC) converter with different PWM strategies," 2016 IEEE 2nd 
Annual Southern Power Electronics Conference (SPEC), Auckland, 
2016, pp. 1-6. 

 

2549


	MAIN MENU
	Help
	Search
	Print
	Author Index
	Technical Papers


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.500 x 11.000 inches / 215.9 x 279.4 mm
     Shift: move up by 12.60 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20170126085122
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     675
     322
     Fixed
     Up
     12.6000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     8
     7
     8
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move up by 5.40 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     322
     Fixed
     Up
     5.4000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

      
       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     8
     0
     1
      

   1
  

 HistoryList_V1
 qi2base




<<
  /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 /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /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
    /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
    /blex
    /blsy
    /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
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /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
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /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
    /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
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-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
    /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
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /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
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /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
    /Tiger
    /TigerExpert
    /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


