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Abstract As the mobile networking technologies evolve,

people are able to access the Internet through heteroge-

neous wireless access networks, such as WLAN, GPRS,

3G and Beyond 3G networks. For the coverage,

bandwidth and cost of these heterogeneous mobile

access networks are quite different, a mobile host may

hand over among them, and this is called vertical

handoffs. One of the most important issues for hetero-

geneous mobile networks is that vertical handoffs may

degrade the quality of the time-sensitive streaming

media services, even interrupt them. To overcome the

problem, in the paper a multicast-based redundant

streaming architecture is proposed. The proposed archi-

tecture is implemented in the all-IPv6 heterogeneous

mobile networks. Five experiments are performed to

evaluate the performance of the proposed architecture.

The experimental results and the analysis show that the

proposed architecture is capable of providing seamless

streaming services even if the vertical handoffs or the

traffic congestion occurs. Moreover, it is found that the

traffic overhead is only 1.0368% per vertical handoff for

each mobile access network, and thus the feasibility of

the proposed architecture is demonstrated.

Keywords multicast . seamless streaming .

vertical handoff

1 Introduction

For mobile users want to be able to access the Internet

ubiquitously, more and more mobile devices are

equipped with multiple network interfaces connecting

one or more access networks, so-called multihoming

[1, 2]. There are many kinds of mobile access networks

such as General Packet Radio Service (GPRS), 3G

communications system, Beyond 3G communications

systems, wireless LAN (WLAN), and Bluetooth. The

bandwidth, coverage area and cost for the mobile access

networks are quite different. The mobile access net-

works connected by a multihoming host play the role of

backup for each other. Whenever a multihoming mobile

host leaves the coverage of a mobile access network, the

host will be handed over to another mobile access net-

work, called vertical handoffs, so as to provide ubiqui-

tous services [3].

In the heterogeneous mobile access network environ-

ment, how to decide the time for vertical handoffs and

how to select an appropriate mobile network will affect

deeply the quality of the provided services [4, 5]. Besides,

vertical handoffs require additional time to reconnect to

the new mobile access network, and the handoff time is

larger than horizontal handoffs. The additional time for

vertical handoffs always causes packet delay and losses,

and thus degrades the quality of services (QoS) for

streaming media. Therefore, how to provide smooth and

seamless streaming media service becomes an important

study issue. Solutions to multihoming can be classified

into router-based and host-based approaches. Because of
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the scalability problem [6], route-based approaches will

not be considered in the paper. Host-based approaches

can be implemented by host-centric approach [7],

transport layer approach [8] and mobile approach [9].

However, the above solutions either introduce new

routing protocols or modify existing routing protocols,

and thus are hard to be deployed popularly.

In the paper, the multicast approach is adopted to

realize seamless multihoming streaming media services,

and any existing multicast routing protocols without any

modification can be adopted, such as Multicast exten-

sions to OSPF (MOSPF) [10], Protocol Independent

Multicast (PIM) [11], and Distance Vector Multicast

Routing Protocol (DVMRP) [12]. Based on these

multicast routing protocols, the streaming media are

transported by Real Time Transfer Protocol (RTP) [13].

In the proposed multicast-based seamless streaming

architecture, the delay, loss and service interruption

caused by vertical handoffs or traffic congestion can be

alleviated obviously due to the nature of duplications in

multicast. Besides, to reduce the waste of bandwidth due

to the duplicate traffic, an access network selection

strategy that is capable of adapting to the dynamic traffic

environment of the heterogeneous mobile networks is

proposed. The proposed architecture is implemented in

the UNIX environment, and five experiments are

designed and executed to demonstrate the correctness

and feasibility of the proposed architecture. The exper-

imental results show that the video streaming service can

be delivered smoothly during vertical handoffs. More-

over, it is found that the traffic overhead, including both

of data and signaling packets, is only 1.0368% per

vertical handoff in average for each mobile access

network, and thus the feasibility of the proposed

architecture is demonstrated.

The paper is organized as follows. Assumptions and

system modeling are made in Section 2. The architec-

ture of the proposed multicast-based multihoming for

seamless streaming media services is described in

Section 3. In Section 4, the proposed system is

implemented in all-IPv6 environments. Five experi-

ments are designed and the results are discussed.

Finally, Section 5 gives the conclusions.

2 Assumptions and modeling

Assumptions of the heterogeneous mobile network

environment are made first as follows. The receivers of

the streaming media service are multihomed hosts with

NTotal network interfaces attached to NTotal heteroge-

neous mobile access networks. The ith access network

interface, NIi, of the multihomed host interfaces with

the ith mobile access network, ANi, where 1e ieNTotal.

All mobile access networks form the set SAN, where the

size of SAN, |SAN|, is equal to NTotal. The multihomed

mobile receiver and the network routers in all access

networks SAN are multicasting enabled. Associated with

each network interface NIi, a priority number Pi is

given to reflect the preference of the mobile user, where

1e ieNTotal. The less the Pi, the higher the preference.

Without less of generality, let Pi < Pj if i < j, where 1e i,

j eNTotal. Let GMC be the multicast group that is

assigned to a specific receiver, and the address of the

multicast group is addrMC. The multihomed receiver

can join GMC in advance through one or more access

network interfaces. These network interfaces form the

set SNI¼ NIi=NIi 2 GMC; 1� i�NTotalf g. Multihomed

mobile receivers join/leave a multicast group by using

the Multicast Listener Discovery (MLD) protocol [14].

Multicast routers adopt the MLD protocol to find the

mobile receivers who want to join/leave a multicast

group, and to inform other multicast routers. The mobile

access networks that the multihomed receiver is currently

joining GMC through the network interfaces SNI form the

multicast set SMC ¼ ANi=NIi 2 GMC; 1� i�f NTotalg.
The sizes of the sets SNI and SMC are the same, |SMC|,

where SMCj j�NTotal. In general, the number of the

access networks adopted for the delivery of the stream-

ing media service is NS, where 1eNSeNTotal. During

vertical handoffs, the number of the access networks

adopted for the delivery of the streaming media service

will be NVF. Obviously, NVFQNS for protection of the

streaming media. The multicast set SMC that will be

adopted during the vertical handoffs is called eSSMC, where
eSSMC

�

�

�

�

�

� ¼ NVF . In each access network, enough band-

width and QoS strategies are supported to play the

requested streaming media service smoothly. The quality

of the ith access network ANi is reflected by the para-

meter qi, e.g., delay, packet loss rate and jitter. All qi

form the quality set Q¼ qi 8ANi 2 SAN ; 1� i�NTotaljf g.
Each qi of ANi is associated with a predefined threshold

Ti. All the Ti form the threshold set T¼ Ti 8ANijf
2 SAN ; 1� i�NTotal:g. The RTP protocol is adopted to

transport the streaming media.

3 Architecture of proposed multicast-based

multihoming

Figure 1 shows the proposed multicast-based multi-

homing architecture that is capable of offering seam-

less streaming media services across heterogeneous

mobile access networks. Initially, the receiver issues a

request for a multimedia stream to the media server

through NIi. The source address of the request is set to
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be addrMC. After receiving the request, the media

server sends the requested streaming media to the

multicast agent (MCA) by unicasting first. The multi-

cast agent (MCA) then duplicates and forwards the

streaming media packets, by multicast, to addrMC

through all of the mobile access networks in SMC.

Thus the multihomed receiver will receive multiple

copies of the streaming media packets from all

NIiZGMC. The multihomed agent (MHA) inside the

receiver is responsible for the merging of the duplicate

streaming media packets. The number of copies for the

duplicate streaming media is equal to the sizes of the

set SMC, |SMC|. Too many duplicate streaming media

packets waste the network resources, although the

network failures can be prevented, Therefore, which

network interfaces, NIi, and when they will be selected

to join/leave GMC for the receipt of the streaming

media should be carefully determined, so that the

overhead is reduced while the media stream is kept

smooth and seamless.

Ideally, the bandwidth has no waste if NVF = NS =

|SMC| = 1. However, in the situation, the streaming

media may be delayed or interrupt due to vertical

handoffs or network congestion. In the proposed

multicast-based multihoming architecture, even

though an access network is unstable, unreachable or

loss of signals, the receiver can still receive the

streaming media on time from other access networks.

Thus the more |SMC| is, the more the degree of the

protection is. The value of |SMC| will be set to NVF for

protection, as the procedure for vertical handoff is

activated. As the vertical handoff procedure finishes,

set |SMC| to be NS. Another mission of the MHA is to

monitor the network status of all attached mobile

access networks. If the mobile access network that is

currently adopted to deliver the streaming media is

unstable or congested, the MHA will initiate the

network selection procedure for vertical handoffs.

Define that

Access network ANi is stable if qi satisfies Ti ð1Þ

It means that ANi is stable if the constraint on the

quality parameter qi, say, qi eTi, holds. That is,

the delay or the packet loss rate, qi, is less than the

predefined threshold Ti. If qi does not satisfy Ti, the

access network ANi is treated to be unstable and

the streaming media will be vertically handed over

from ANi to other stable access networks. Only the

stable access networks will become the candidates for

the selection of the target access networks to be joined

for vertical handoffs. These candidates form the set

SC = {ANi|ANi is stable, OANiZSAN, 1 e i eNTotal}.

Without loss of generality, in the candidate set SC,

the access network ANi is prior to ANj if i < j. In the

candidate set SC, QC satisfies TC, where QC = {qj|ANj is

stable, OANjZSC, 1 e j e |SC|} and TC = {Tj| is stable,

OANjZSC, 1 e j e |SC|}.

The MHA measures and monitors the quality set Q

for all access networks SAN and then updates SC with

the period of TP, even if there exists access networks in

SAN that are not reachable. Obviously, the set SMC is a

subset of SC, and |SMC|e.|SC|. As long as |SMC|Q1, the

multihomed receiver can keep the streaming media

service alive. The MHA will join or rejoin GMC through

each access network in SMC. Moreover, according to the

measured quality set Q, the MHA can balance the

traffic loads among all network interfaces of the multi-

homed host by using simple dispatching schemes. The

Figure 1 Architecture of the proposed seamless streaming media
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strategy to select SMC from the set SC is performed by

the multihomed mobile host and will be described later.

Figure 2 shows the functional structure of the MHA

for the proposed multicast-based multihoming archi-

tecture. There are four modules in the multihomed

mobile host: Network Quality Monitoring (NQM)

module, Access Network Selection (ANS) module,

Multicast Management (MM) module, and Streams

Merging (SM) module. The NQM module measures

and monitors the quality set Q for all network inter-

faces of the multihomed host periodically, and then

sends the measured quality set to the ANS module.

The ANS module updates the candidate set SC by

comparing the received Q with T. Let the function

Y(S, n) truncates the set S into a set with length n,

i.e., the output of the function is a set that is composed

of the first n elements in the set S. If |S| < n, the output

of the function Y(S, n) is just S, i.e., Y(S, n) = S if

|S| < n. The elements of SC are arranged in ascending

order of the priority number Pi, that is, the access

network ANi with less i has higher preference. Thus

the set SMC is obtained by truncating SC.

SMC ¼ Y SC;NSð Þ ð2Þ

The set SC updates its elements continuously, but

the elements of the set SMC will not be changed except

that the vertical handoff procedure is triggered. Define

that the system is in stable state only if all of the access

networks ANiZSMC are stable. As long as the NQM

module detects at least one of the access networks in

SMC is not stable, the system will leave the stable state

at that moment, and enter the vertical handoff state.

Let the set bSSMC be the access networks to be used for

the delivery of the streaming media after the system

leaves the vertical handoff state, where bSSMC

�

�

�

�

�

�¼NS.

Whenever the system enters the vertical handoff state,

two sets, eSSMC and bSSMC, have to be determined first.

The set bSSMC is composed of the first NS elements in the

newly updated SC at the beginning of the vertical

handoff procedure, i.e., bSSMC¼Y SC;NSð Þ. The set eSSMC is

eSSMC ¼ Y SMC [ bSSMC;NVF

� �

ð3Þ

The two sets, eSSMC and bSSMC, will be sent to both of

the MM module and the SM module in the beginning

and the end of the vertical handoffs, respectively.

The MM module is responsible for the execution of

joining/leaving the IPv6 multicast group GMC for

vertical handoffs, according to both of eSSMC and bSSMC

informed by the NQM module. During the vertical

handoff procedure, the MM module will not only keep

the existing NS connections over the access networks

ANiZSMC, but also establish additional NVH -NS con-

nections to receive the streaming media by joining the

IPv6 multicast group GMC through the network in-

terfaces of the access networks ANjZeSSMC–SMC. After
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Figure 4 Signaling procedure
operated in the MM module

Mobile Networks and Applications (2006) 11: 873–887 877



the success of the establishment for the additional

NVH – NS connections, the MM module will leave GMC

through the network interfaces of the access networks

ANjZSMC � eSSMC, so as to terminate the existing

connections that pass through the access networks

ANju
eSSMC. If all ANiZSAN are not stable, i.e., SC = 7

or |SC| = 0, the set SMC is an empty set also. Then the

MM module will not perform the joining/leaving

operations. As the above joining/leaving operations

are finished, the system will leave the vertical handoff

state, and return to the stable state. The state

transition diagram is shown in Fig. 3. The signaling

procedures of initialization and vertical handoffs in the

MM module are shown in Fig. 4. In the initiation of the

streaming service, the active network interface will

send out the signal Media_Start to the media server.

After the sending an ACK_Start signal back the media

server will start multicasting by transmitting the RTP

streaming media to the multicast router. The network

interface will try to join the multicasting group by

sending IPV6_JOIN_GROUP signal to the multicast

router. The multicast router will acknowledge the join

message by sending ACK_JOIN signal and start to

send the RTP streaming media to the network

interface. When the signal of the active interface is

measured to be low and a handoff is estimated to be

happened, the system will select a new interface access

to ANiZeSSMC to join the multicast group. The chosen

interface will send IPV6_JOIN_GROUP signal to the

multicast router and receive the acknowledgement and

the streaming media hereafter. In order not to waste

the resource of the network, the previous network will

leave the multicast group after the new network

interface start to receiving streaming media, no matter

the handoff of the previous network interface taken

place or not.

The SM module is responsible for the merging the

duplicate |SMC| media streams received from the

network interfaces currently joined in the IPv6 multi-

cast group GMC. To identify the redundant packets,

the SM module will record and check the sequence

number of every received RTP packet. The RTP packets

that have ever seen will be dropped. Only one of the |SMC|

duplicate RTP packets will be forwarded to the stream-

ing media player.

The heterogeneous access network technology that

users can access to nowadays includes 3G, Wi-Fi,

WiMAX and so on. Each of them has its unique

Figure 5 The network envi-
ronment for experiments
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characteristics, but all of them try to provide streaming

media services. 3G, which provides the least bandwidth

of them, promise sufficient bandwidth up to 384 kbps to

support streaming media services. Not to mention the

Wi-Fi and the WiMAX that provides 54 Mbps and

100 Mbps, respectively. Besides, there are many

researches about the providing of streaming media

services on these access network technologies [15–18].

But the variety of different access network is still the

biggest obstacle for providing streaming services with

all the access networks together. Solutions aimed at

the MAC layer are difficult to cover al the networks.

The design of the proposed architecture only depends on

the support of multicasting of the networks, and is

independent on different access network technologies.

That means as long as the access network technologies

support multicasting, the proposed architecture will

work.

4 Implementation and experimental results

The proposed multicast-based IPv6 multihoming sys-

tem is implemented in the IPv6 network environment

shown in Fig. 5, where the VLC media player

developed by the VideoLAN [19] project is modified

and extended here. There are an IPv6 media server, an

IPv6 multihomed host, and an IPv6 multicast router in

the implemented system. The IPv6 multicast router has

three IPv6 subnets which are 3ffe:ffff:0:f101::/64,

3ffe:ffff:0:f102::/64, and 3ffe:ffff:0:f103::/64. The address

of the IPv6 multicast group GMC, addrMC, is ff08::1.

For the lack of the assistance from GPRS carriers, the

Fast Ethernet network is adopted as the data trans-

mission medium for GPRS, and the strength of the

GPRS signals is simulated by a program executed in

the IPv6 multihomed host. IEEE 802.11b WLAN is

another access network. The IPv6 multihomed host is

equipped two network interface cards to Fast Ethernet

and 802.11b WLAN networks, and is ale to receive

streaming media from both of the two access networks

simultaneously. Thus |SAN|=NTotal = 2. For the Ether-

net interface provides higher bandwidth than the

WLAN interface, a higher preference, or a smaller

priority number, is given to the Ethernet interface. Let

AN1 and AN2 represent the Ethernet and WLAN

networks, respectively, SAN={AN1, AN2}. The names

of the network interfaces are called eth0 for Ethernet

and eth1 for WLAN in the IPv6 multihomed host. Let

P1=1, P1=2, NS=1, NVF=2, TP=1, T1=q2, and T2=q1,

where qi is the link quality. The MHA and the MCA is

implemented in the IPv6 multihomed host and the

IPv6 multicast router, respectively. The VLC server

Table 2 Tools, libraries and their version adopted in the
development of MHA

System part Name and version

IPv6 multihomed host

C compiler gcc compiler,gcc-3.3.1

Packet capture Ethereal-0.9.13-1

VideoLAN-VLC vlc-0.6.2

Related library ffmpeg-20030813

libdvbpsi-0.1.3

libmad-0.15.0b

mpeg2dec-20030612

xlibs-dev-4.2.1-6 Figure 6 Historical RTP packet statistics of both access
networks

Table 1 Development environment of the implemented system

System part Name and version

IPv6 multihomed host

Notebook Acer 341T

OS Debian GNU/Linux, testing

distribution kernel-2.4.19

Wireless LAN Orinoco 802.11b card

IEEE 802.11b

access point

Lucent RG-1000

Wired LAN Intel eepro100 card

VideoLAN-VLC vlc-0.6.2

IPv6 media server

OS Debian GNU/Linux, testing

distribution kernel-2.4.19

VideoLAN-VLC vlc-0.6.2

IPv6 multicast router

OS FreeBSD 4.6.2-release

Multicast routing

daemon

Pim6sd, RP (Rendezvous Point)

IPv6

autoconfiguration

daemon

Radvd-0.7.2-1

Mobile Networks and Applications (2006) 11: 873–887 879



and the modified VLC client are installed in the media

server and the IPv6 multihomed host individually. The

format of the videos provided by media server is MPEG 1.

There are three PCs play the roles of IPv6 multi-

homed host, IPv6 multicast router and IPv6 media server

separately. IPv6 multihomed host has an Intel Pentium

III 450 MHz CPU, 192 MB memory and a 5.4 GB Hard

disk. IPv6 multicast router equipped with an Intel

Pentium III 450 MHz processor, 256 MB memory and

a 10 GB hard drive. And the specification of the IPv6

media server is an Intel Pentium III 450 MHz CPU,

289 MB memory and a 6 GB hard disk. Table 1 lists the

development environment adopted in the system. In the

IPv6 multicast router, the pim6dd daemon are installed

for multicast routing, and the radvd daemon, router

advertisement daemon for IPv6, is also installed for

address auto configuration. The structure of ipv6_mreq

and the function of setsockopt are used to join/leave the

IPv6 multicast group. Table 2 lists the tools, libraries

and their version adopted in the development of the

MHA in the IPv6 multihomed host. The tool, ethereal,

is adopted to capture packets. The following libraries

are required for compiling and installing VLC in the

IPv6 multihomed host. The ffmpeg library is a free

MPEg-4/DivX/OpenDivX codec software. The libdvb-

psi library is the decoder for processing streaming media

in VLC. The libmad library is the mp3 decoder, and

mpeg2dec is the decoder for MPEG1 and MPEG2. The

library, xlibs-dev, is used for image output of basic x11.

Four experiments are designed and executed to

verify the functionality and the performance of the

proposed system.

4.1 Manual vertical handoffs enforced in the same

IPv6 subnet

Both of Ethernet and wireless LAN interfaces of the

IPv6 multihomed receiver are connected to the same

subnet, Network 1 (3ffe:ffff:0:f101::/64). Network fail-

ures are used to enforce the handoffs between Ether-

net and wireless LAN, and it is emulated by removing

manually the twisted pair from the IPv6 multihomed

host or the power cord from the access point. Figure 6

shows the historical RTP packet statistics of both

access networks. The twisted pair is removed from the

IPv6 multihomed host in rectangle A, and the power

cord is removed from the access point in rectangle B.

In both cases of network failures, the streaming media

service is still continued by receiving media packets
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from the other network interface. It is observed that

the streaming media service will be interrupted only if

both networks are failed, as indicated in rectangle C.

The scenario of network failures is shown in Fig. 7 to

force the vertical handoffs: (1) initially, at t=0, only

WLAN is connected, (2) at t=20 s, the Ethernet

twisted pair is plugged in, (3) at t=40 s, the power cord

of the access point is removed, (4) at t=60 s, the power

cord of the access point is plugged in, and (5) at t=80

sec, the Ethernet twisted pair is removed. The network

interface that should deliver the streaming media

mainly is also shown in the figure. The experiment

demonstrates that the operations of the multihomed

host are correct, and the multicast set SMC is

SMC ¼
AN1f g; 20 < t � 80

AN2f g; 0 < t � 20 and t Q 80

(

ð4Þ

Figure 8 shows the sequence number of the received

RTP packet versus their arriving time under the

scenario. The figure shows that, as the upper bound

that RTP can process, 65,535, is reached, the sequence

number is reset to zero and accumulated again. It

demonstrates the success for the operations of the SM

module. Moreover, The figure shows all RTP packets

can be delivered, without any loss, to the streaming

media player in order and on time. Therefore, the

seamless handoff is achieved.

4.2 Manual vertical handoffs enforced across different

IPv6 subnets

In the experiment the multihomed receiver connects to

both access networks with different IPv6 subnets,

Network 1 (3ffe:ffff:0:f101::/64) for Ethernet and

Network 2 (3ffe:ffff:0:f103::/64) for WLAN. Figure 9

shows the sequence number of the received RTP

packet versus their arriving time under the scenario

given in Fig. 7. The vertical handoffs occur at t=20 s

and t=80 s, and all RTP packets are continuously

delivered, without any loss, to the streaming media

player in order and on time. That is, the quality of the

streaming media is not affected. Therefore, the seam-

less vertical handoffs are achieved even if the two

network interfaces are connected to different subnets.

For the basic experiments, the implemented system

provides smooth visual results during handoffs, and

below we analyze the situations that will break the

smooth stream playing in the proposed architecture. In

the proposed architecture, Let B be the probability that

the smooth stream playing will be interrupted, then:

B ¼
X

NTotal

i¼1

A Nið Þ
Y

NTotal

i¼1

L Nið Þ ð5Þ

Where L(Ni) denotes the probability that the signal of

network interface Ni is low, and A(Ni) is the probabil-
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ity that network interface Ni is active for receiving

streaming. Consider a heterogeneous network envi-

ronment that consists of three different kind of access

networks, and each of them has a 70% coverage.

Under such condition,
P NTotal

i¼1 A Nið Þ¼1,
Q NTotal

i¼1 L Nið Þ¼
1�0:7ð Þ3¼0:027, and streaming broken rate will then

be: B=1�0.027=0.027. The relationship between cov-

erage and stream interrupted probability is shown in

Fig. 10.

4.3 Effect of congested WLAN and vertical handoffs

on streaming media

Initially, the multihomed host connects to the WLAN

only, i.e., SC=SMC={AN2}. By moving the multihomed

host away from the access point gradually, the WLAN is

then getting unstable, i.e., q2 does not satisfy T2. The

situation can be treated as network congestion. Figure 11

shows the link quality of WLAN, the number of RTP

packets received from WLAN, and the displayed

streaming video. It is found that the RTP packets will

be lost if q2e 10, where T2=10. Therefore, the discon-

tinuity occurs in the display of the streaming video.

Figure 12(a) and (b) show the Signal-to-Noise Ratio

(SNR) and the number of the received RTP packets

versus time, respectively. As the multihomed host

moves away from the access point, the detected SNR

is reduced to 15–20 dB. It is found that, starting from

t=7 s, the RTP packets suffer a large amount of loss,

and thus the wireless connection becomes unstable. At

t=17 s, the Ethernet twisted pair is manually plugged in.

Thus a request to join the multicast group GMC from

Figure 11 The effects of congested WLAN on the streaming media.

Figure 10 Coverage of access networks versus stream interrupted
probability. (a) coverage of access network 3 is 70% (b) coverage
of access 3 is 80% (c) coverage of access network 3 is 90%.

R
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NI1, and another request to leave GMC from NI2 are

issued. Henceforward the merged RTP flow is still

smooth, no matter how the SNR changes. It means that

the streaming media service is vertically and smoothly

handed over from WLAN to Ethernet networks, as

WLAN is congested.

4.4 Automatic vertical handoffs with simulated link

quality for GPRS

As described in the beginning of the section, the GPRS

or 3G networks, instead of Ethernet, should be adopted

in the real world. However, the assistance from Tele-
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Figure 12 The effect of verti-
cal handoffs on the streaming
media.(a) SNR versus time
(b) the number of merged
packets versus time.
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communications carriers is lacked. Thus Ethernet is

used to be treated as the transmission medium of

GPRS, and its signal strength or link quality is given

by a mathematic function f(t) to simulate the roaming

situation for a mobile user, where

f tð Þ ¼
100� t

100

l m

*100�t
� �

if
t

100

l m

is even

t

100

l m

*100�t if
t

100

l m

is odd

8

>

<

>

:

ð6Þ

As shown in Fig. 13, the red line and the blue line

indicate the simulated link quality of GPRS and the

real link quality measured from WLAN. Vertical

handoffs are thus performed automatically, so that

the functions and operations of the four modules,

NQM, ANS, MM, and SM, in the MHA can be

checked. The experimental results demonstrate that

all of the four modules operate correctly so as to

achieve the seamless vertical handoffs.

Figure 15 Overhead for multicasting stream media.

Figure 13 Automatic vertical handoffs by using the real link
quality measured in WLAN and simulated link quality for
GPRS (Ethernet).
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4.5 Overhead of vertical handoffs

The major overhead of the proposed architecture is

the redundant packets sent to the receiver via multiple

interfaces during vertical handoffs. Let total packets

received by the receiver t be p, and the redundant

packets received during a vertical handoff be pr, the

overhead of the redundant packet is then hpr

p , where

h is the vertical handoff occurrence. If all the vertical

handoffs succeed, the handoff h can be viewed as the

occurrence of losing signal of the active network

interface and can be defined as follows:

h ¼
X

NTotal

i¼1

L Nið ÞA Nið Þ ð7Þ

Take the heterogeneous network environment of

802.11 and 802.16 for example. For the pedestrian,

the walking speed is about 1.2 m/s, and the coverage of

802.11 and 802.16 networks are 100 m and 6,000 km.

Assume the APs and the BSs are well deployed and all

vertical handoffs succeed, the probability that 802.11

and 802.16 networks are active are 100
6;000þ100 and

6;000
6;000þ100, respectively. And the handoff occurrence of

the example environment h will then be:

h ¼ 1:2

100

100

6; 100
þ 1:2

6; 000

6; 000

6; 100
¼ 0:0004 ð6Þ

And for the vehicles that has an average speed of

12 m/s, in such network environments, the handoff

occurrence h will be 0.004 per second. By measuring

the system implemented, we found that the packets

received per second is 145 in average and the packet

received during each vertical handoff is 542 in average,

the overhead of the example network environment is

then derived,

hpr

p
¼ 0:0004�542

145
¼ 0:0015

The relationship between user speed and overhead

is shown in Fig. 14. Because the proposed architecture

multicasts the stream media, the overhead can be

further reduced than simply duplicating streams. As

shown in Fig. 15, if all routers are multicasting

enabled, the stream will be duplicated below router

5. Compare with two individual streams, the hops

between the streaming server and router 5 will not

sending redundant packets.

Figure 16 shows the total number of RTP packets

received from both of the WLAN and Ethernet

networks, including the streaming media packets and

all signaling packets, for the cases of unicasting and

multicasting, where a video is delivered during a

period of 180 s. For the cases of multicasting, the

times of vertical handoffs, 0, 2, 4, 6, 8 and 10, are

enforced during the 180 s period by adjusting appro-

priately the function of the simulated link quality for

GPRS. It is found that the total number of the RTP

packets received from both networks for the case of

multicasting with zero vertical handoff times, 26,134

packets, approximates to that for the case of unicast-

ing, 26,246 packets. Moreover, the total number of the

RTP packets received from both networks is a linear

function of the times of vertical handoffs, and the slope

is 541.93 RTP packets per vertical handoff. The traffic

overhead of each vertical handoff for the proposed

multicast-based IPv6 multihoming architecture is

541.93/26,134=2.0737% only. Thus the traffic overhead

per vertical handoff in each access network for the

proposed architecture is 1.0368% in average.

5 Conclusions and future works

Emerging wireless access network technologies brings

the possibility of ubiquitous access to the Internet, but

they also bring the variety. Heterogeneous access

network environment will be a challenge for providing

multimedia services seamlessly to the users roaming

around. The multicast-based multihoming architecture

is proposed and implemented in the paper to provide

seamless streaming media services in the heteroge-

neous network environment. In the architecture, an

access network selection strategy based on the mea-

sured network status is proposed. Five experiments are

designed to verify the correction and the feasibility of

the proposed multicast-based multihoming architecture.

The access networks adopted as heterogeneous networks
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in the experiments are WLAN and Ethernet networks,

where the Ethernet network with a simulated quality

value is adopted to emulate the GPRS network. The

experiments demonstrate that the seamless streaming

media service can be achieved in the proposed architec-

ture during vertical handoffs. And the seamless stream-

ing media service can also be achieved under network

congestion. The coverage of each access network will

affect the service interruption probability, and the

relationship between coverage and the interruption

probability is analyzed and illustrated. Overhead of

redundant packets is also studied in the paper. It is found

that the user speed is proportional to the overhead due to

the frequent handoffs. The proposed multicast-based

multihoming architecture is also shown to have less

overhead on redundant packet than simply duplicate

streams, since the traffic can be aggregated before the

multicast router in the proposed architecture. The

proposed architecture will introduce additional traffic

in the heterogeneous mobile networks. In the experi-

ments, it is found that the average traffic overhead per

vertical handoff is 1.0368% only in each access network.

And the analysis also shows that traffic overhead is

0.15% for the vehicles and 0.04% for the pedestrian.

The future works of the proposed architecture will

focus on is discussed as follows. Session initiation

protocol (SIP) is the standard for initiating, modifying,

and terminating sessions of video, voice and instant

messaging. The proposed architecture can be further

combined with SIP for the session management and

the support of personal mobility. There are several

ways to combine SIP with the proposed architecture.

First, the proposed architecture can use SIP only for

the session management. The multicasting address

negotiation process should be added to the SIP

protocol to handle the user request. Second, multicast

agent in the proposed architecture can be combined

with SIP proxy, thus the multicast agent can be put

into the deep of the network, but not the boundary of

the access network. This increases the length of the

unicast part of the route and reduces the redundant

packets transmitted. At last there are some factors that

user may concern such as power consumption or cost

of the network. When selecting access networks, these

factors can be taken into consideration.

Acknowledgments The authors would like to deeply thank the
anonymous reviews_ constructive suggestions and thoughtful
comments that greatly improve the quality of the paper. This
research was supported in part by National Science Council of
the Republic of China under grant NSC 94-2213-E-008-018 and
NSC 94-2219-E-260-006, and by Ministry of Economic Affair
under grant 95-EC-17-A-02-S1-029.

References

1. Savola P, Chown T (2005) A survey of IPv6 site multihoming
proposals. In: Proceedings of 8th international conference on
telecommunications, vol 1. Zagreb, Croatia, pp41–48 (June)

2. Kim K-I, Kim, S-H (2003) IPv6 multihoming scheme
considering load sharing and delay. IEICE Trans Commun
E86-B(7):2224–2226 (July)

3. Huang H, Cai J (2005) Improving TCP performance during
soft vertical handoff. In: Proceedings of 19th international
conference on advanced information networking and appli-
cations, vol 2. Taipei, Taiwan, pp329–332 (Mar)

4. Chou L-D, Ou M-H (2003) Network selection strategies for
all-IP heterogeneous networks. WSEAS Trans Circuits
2(1):234–237 (Jan)

5. Chou L-D, Hsieh H-J, Chen J-M (2004) Multicast with QoS
support in heterogeneous wireless networks. Lect Notes
Comput Sci 3207:581–590 (Aug)

6. Hagino J, Snyder H (2001) IPv6 multihoming support at site
exit routers. RFC 3178 (Oct)

7. Huitema C, Draves R (2004) Host-centric IPv6 multihoming.
http://www.ietf.org/internet-drafts/draft-huitema-multi6-
hosts-03.txt(Feb)

8. Tattam P (1999) Preserving active TCP sessions on multi-
homed IPv6 networks. http://jazz-1.trumpet.com.au/ipv6-draft/
preserve_tcp_and_multihome.html(Sep)

9. Tereoka F (2001) LIN6: a solution to mobility and multi-
homing in IPv6. http://www.ietf.org/internet-drafts/draft-
teraoka-ipng-lin6-02.txt(Aug)

10. Ranjitkar P, Suliman I, Geil P, Kuipers M, Prasad R (2000)
IP multicast implementation based on the multicast exten-
sions to OSPF protocol. In: Proceedings of 2000 IEEE
international conference on personal wireless communica-
tions. Hyderabad, India, pp484–489 (Dec)

11. Mashtoub M, Chilamkurti N, Soh B (2002) A simulation
study on QoS for integrated RSVP and PIM. In: Proceedings
of 2002 IEEE conference on computers, communications,
control and power engineering, vol 2. Beijing, China, pp740–
745 (Oct)

12. Waitzman D, Partridge C, Deering S (1988) Distance vector
multicast routing protocol. RFC 1075 (Nov)

13. Schulzrinne H, Casner S, Frederick R, Jacobson V (2003)
RTP: a transport protocol for real-time applications. STD 64,
RFC 3550 (July)

14. Vida R, Costa L (2004) Multicast Listener Discovery
Version 2 (MLDv2) for IPv6. RFC 3810 (June)

15. Liu H, Xu Y, Zeng Q (2005) Modeling and performance
analysis of future generation multimedia wireless and mobile
networks using smart antennas. In: Proceedings of 2005
IEEE wireless communications and networking conference,
vol 3. New Orleans, Los Angeles, USA, pp1286–1291 (Mar)

16. Bourouha M, Ci S, Brahim GB, Guizani M (2004) A cross-
layer design for QoS support in the 3GPP2 wireless systems.
In: Proceedings of 2004 global telecommunications confer-
ence workshops, Dallas, Texas, USA, pp56–61, Nov

17. Cheung G, Tan W, Yoshimura T (2004) Double feedback
streaming agent for real-time delivery of media over 3G
wireless networks. IEEE Trans Multimedia 6(2):304–314 (Apr)

18. Sengupta S, Chatterjee M, Ganguly S, Izmailov R (2005)
Exploiting MAC flexibility in WiMAX for media streaming.
In: Proceedings of sixth IEEE international symposium on a
world of wireless mobile and multimedia networks. Giardini
Naxos, Italy, pp338–343 (June)

19. The VideoLAN project. http://www.videolan.org/

886 Mobile Networks and Applications (2006) 11: 873–887

http://www.ietf.org/internet-drafts/draft-huitema-multi6-hosts-03.txt
http://www.ietf.org/internet-drafts/draft-huitema-multi6-hosts-03.txt
http://jazz-1.trumpet.com.au/ipv6-draft/preserve_tcp_and_multihome.html
http://jazz-1.trumpet.com.au/ipv6-draft/preserve_tcp_and_multihome.html
http://www.ietf.org/internet-drafts/draft-teraoka-ipng-lin6-02.txt
http://www.ietf.org/internet-drafts/draft-teraoka-ipng-lin6-02.txt
http://www.videolan.org/


Li-Der Chou received a B.S. in electronic
engineering from National Taiwan
Ocean University, Taiwan, R.O.C. in
1988, a M.S. and a Ph.D. in electronic
engineering from National Taiwan Uni-
versity of Science and Technology, Tai-
wan, R.O.C. in 1991 and in 1995,
respectively. He has worked as an asso-
ciate professor with Jin-Wen College of
Business and Technology, Chung-Hua

Polytechnic Institute, and Central Police University, respective-
ly. From 1997 to 1999, he acted as the director of the Multimedia
Communications and Services Division, Computer Center,
National Central University, Taiwan, R.O.C. From 1997 to
2005, he was an associate professor with the Department of
Computer Science and Information Engineering, National
Central University, Taiwan, R.O.C. Currently he is a professor
with the same department. He has published more than 100 of
journal and conference papers in the area of computer networks.
His current research interests include network management and
planning, broadband wireless networks, sensor networks, and
Internet applications and services.

Jui-Ming Chen received his B.S. and
Ph.D degrees both in computer science
and information engineering from Na-
tional Central University, Taiwan,
R.O.C. in 1994 and 2006, respectively.
His research interests include heteroge-
neous networks and wireless networks.

Hung-Sheng Kao received his B.S degree
in computer science from TamKang Uni-
versity, Taiwan, R.O.C. in 2000. He
received his M.S. degree in computer
science and information engineering from
National Central University, Taiwan,
R.O.C. in 2004. His research interests
include wireless networks and mobile
computing.

Shao-Feng Wu received his B.S. degree in
computer science from Yuan Ze Univer-
sity, Taiwan, R.O.C. in 2003, a M.S.
degree in computer science and informa-
tion engineering from National Central
University, Taiwan, R.O.C. in 2005. His
research interests include seamless multi-
cast streams and multimedia streams in
heterogeneous networks.

Wayne Lai received his B.S. and M.S.
degrees both in computer science and
information engineering from Chung-Hua
University, Taiwan, R.O.C. in 2000 and
2004, respectively. He is pursuing his Ph.D.
degree in computer science and information
engineering from National Central Univer-
sity, Taiwan. His research interests include
wireless networks and mobile computing.

Mobile Networks and Applications (2006) 11: 873–887 887


	Seamless Streaming Media for Heterogeneous Mobile Networks
	Abstract
	Introduction
	Assumptions and modeling
	Architecture of proposed multicast-based multihoming
	Implementation and experimental results
	Manual vertical handoffs enforced in the same IPv6 subnet
	Manual vertical handoffs enforced across different IPv6 subnets
	Effect of congested WLAN and vertical handoffs on streaming media
	Automatic vertical handoffs with simulated link quality for GPRS
	Overhead of vertical handoffs

	Conclusions and future works
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /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
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /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
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


