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Abstract. NG-PON systems present optical access in-
frastructures to support various applications of the
many service providers. In the near future, we can
expect NG-PON technologies with different motivations
for developing of HPON networks. The HPON is a hy-
brid passive optical network in a way that utilizes on a
physical layer both TDM and WDM multiplexing prin-
ciples together. The HPON network utilizes similar
or soft revised topologies as TDM-PON architectures.
In this second paper, requirements for the SARDANA
HPON networks are introduced. A main part of the pa-
per is dedicated to presentation of the HPON network
configurator that allows configurating and analyzing the
SARDANA HPON characteristics from a viewpoint of
various specific network parameters. Finally, a short
introduction to the comparison of the SARDANA and
SUCCESS HPON networks based on simulation results
is presented.
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1. Introduction

NG-PON technologies can be divided into two cate-
gories. The NG-PON1 presents an evolutionary growth
with supporting the coexistence with the GPON on the
same ODN. The coexistence feature enables seamless
upgrade of individual customers on live optical fibers
without disrupting services of other customers. The
NG-PON2 presents a revolutionary change with no re-
quirement in terms of coexistence with the GPON on
the same ODN.

The HPON presents a hybrid network as a necessary
phase of the future transition from TDM to WDM pas-
sive optical networks [1]. It can be divided into two

possible groups. In the first one, a change of OLT
and ONU equipment is executed and adding of WDM
and TDM ONU equipment into a common network ar-
chitecture is allowed by using specialized remote nodes
that utilize either power splitters or AWG elements. In
the second one, preservation of TDM access networks
combined with the DWDM technique is predicted. For
both approaches, various solutions were proposed.

At the SARDANA (Scalable Advanced Ring-based
passive Dense Access Network Architecture) design [2],
[3], [4], a scope is to create a modular network and
to enable service provisioning for more than 1000 sub-
scribers at distances up to 100 km. It is considered a re-
mote pumped amplification using EDFA principles and
utilization of the colourless ONU units at subscriber
side. Also, the backward compatibility with existing
1G-PON networks and a support for standardized 10G-
PON networks are considered with 100–1000 Mbit/s
transmission rates per one subscriber.

The PON fiber topology is creating by two main
parts – the WDM ring with the central office and re-
mote nodes, TDM trees connected to particular remote
nodes. The WDM ring consists of two optical fibers –
one per direction. A key element of the network is the
RN. Used ONU units are colourless, they don’t con-
tain any optical source. Transmitting from the ONU is
based on the RSOA by means of the re-modulation of
received signals. The SARDANA network allows con-
necting a large number of subscribers either on smaller
distances in populous urban areas or in larger geo-
graphical areas with a small population. Information
can be found in [5].

2. Simulation of HPON
Networks

Our simulation model for comparing possibilities of
various passive optical access networks is created by
using the Microsoft Visual Studio 2008 software in the
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Fig. 1: The cut-out from the main window of the HPON network configurator.

Fig. 2: The description window of the SARDANA HPON network.
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IDE development environment [6], [7], [8], [9]. There
exist possibilities for the graphical interface created by
using the MFC (Microsoft Foundation Class) library
for the C++ programming language. The simulation
model has one main dialogue window for simulating a
transition from TDM-PON to HPON networks. It al-
lows comparing principal approaches for configuring of
hybrid passive optical networks. A cut-out from the
main window of the HPON configurator is shown on
Fig. 1.

First, a selection of the optical fiber‘s type and the
DWDM multiplexing density can be executed. A se-
lected type of the optical fiber is presented by the spe-
cific attenuation values and by a number of transmis-
sion bands. These values correspond to various ITU-T
recommendations - ITU-T G.652 A, G.652 B, G.652
C, G.652 D, G.656, G.657 – and, if available, mea-
suring data can be inserted in the ”Other values” op-
tion. Then, specific attenuation coefficients are used
for calculating of the optical fiber‘s attenuation in cor-
responding bands in specific network configurations.
Also, a total number of CWDM and DWDM carrier
wavelengths for particular bands is presented. The re-
lationship between numbers of available wavelengths at
various channel allocations is introduced in [8]. Then,
a specification of parameters and features of the de-
ployed TDM-PON network can be executed. More de-
tailed information can be found in [10].

Three additional dialogue windows with a basic net-
work scheme and short descriptions serve for the spe-
cific HPON configuration setup. The description win-
dow with the SARDANA HPON network topology is
presented on Fig. 2. For presentations of GIF anima-
tions related to the SARDANA HPON, a free available
CPictureEx class is used [11].

The HPON Configurator allows to simulate and an-
alyze a transition from TDM-PON networks to HPON
networks and to compare three different approaches
to hybrid networks. After inserting input parameters
of TDM-PON networks, these parameters are evalu-
ated and the total transmission capacity of the TDM
network together with the average capacity per one
subscriber, the total number of subscribers and the
maximum attenuation of the TDM network are cal-
culated and presented. After configuration the SAR-
DANA HPON network, a number and type of used
active and passive components with possibilities for fu-
ture expanding are presented.

3. Design of the SARDANA
HPON Network

The SARDANA network architecture is created by
the two-fiber ring with connected remote nodes RN

that ensure bidirectional signal amplification and drop-
ping/adding of DWDM wavelengths for particular
TDM trees. There is a possibility for connection of
2 TDM trees to 1 RN, so a total number of utilized
wavelengths (and thus also TDM trees) is double of
a number of remote nodes. A transmission in both
directions is limited to the C-band due to the opera-
tional bandwidth of used EDFA amplifiers. A number
of joinable TDM trees is derived from the density of
DWDM channel spacing and from a derivable number
of wavelengths in the C-band. At the network deploy-
ment, a support for the 1G (EPON, GPON) and 10G
(10G-EPON, XG-PON) recommendation is expected.

The interactive window with the SARDANA HPON
configuration is presented on Fig. 3.

Fig. 3: The configuration window of the SARDANA HPON
network.

At the configuration, it is possible to set network
parameters manually or by using default values from
the Tab. 1 [12]. Variables are expressing the ring length
LRING, the access fiber length LACCESS, a number of
remote nodes N and the splitting ratio of power optical
splitters K. These default values present model cases
from populous areas (Urban) up to geographically large
areas (Rural).

The HPON configurator allows a calculation of the
total number of subscribers U given by following rela-
tion:

U = 2.N.K (1)
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Fig. 4: Characteristics of the SARDANA HPON network for the 1:32 splitting ratio.

Fig. 5: Characteristics of the SARDANA HPON network for the 1:64 splitting ratio.
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Tab. 1: Default values for model cases.

Model case
LRING∗ LACCES∗

N K
[km] [km]

Urban 1 17 3 16 1 : 64
Urban 2 10 10 16 1 : 32
Metro 50 10 8 1 : 32
Rural 80 20 8 1 : 16

Tab. 2: Maximum values of network subscribers based on the
DWDM spacing and the splitting ratio.

The splitting ratio K 1:16 1:32 1:64
DWDM spacing

N
TDM

U U U
[nm] trees
0, 8 12 24 384 768 1536
0, 4 25 50 800 1600 3200
0, 2 50 100 1600 3200 6400

where K is the splitting ratio of power optical split-
ters and N is a number of remote nodes. A maximum
number of joinable remote nodes N is depending on
the DWDM multiplexing type (Tab. 2).

For this presentation, following parameters were se-
lected: the ITU-T G.652 D optical fiber, the 0,2 nm
DWDM channel spacing, the ring length 15 km, the
access fiber length 2 km. A calculation of the total
network attenuation comes out from features of com-
ponents utilized in remote nodes, a number of remote
nodes, a type of couplers and characteristics of the
selected optical fiber. Following graphs (Fig. 4 and
Fig. 5) represent dependencies of the total number of
subscribers and the attenuation on the number of re-
mote nodes in the connected network.

The SARDANA is a modular network with possibil-
ities for connecting a large number of subscribers at
acceptable attenuation values. These can be reached
by placing of centrally pumped optical amplifiers into
remote nodes. By this way, it is possible to increase a
reach up to 30 km compared with common PON net-
works without utilization of the optical amplification.
For a specific type of the EDFA amplifiers, the gain can
be determined from minimum 10 dB to higher values
in the simulation program. In a real network, gain val-
ues can be accommodated according to the length of
optical fibers and to power characteristics of pumped
lasers. The hybrid SARDANA network combines fea-
tures of metropolitan and access networks to acquire
maximum utilization of current technologies.

A comparison of two hybrid passive optical net-
works – SARDANA and SUCCESS - from various
viewpoints will be presented in [10].

4. Conclusion

Hybrid passive optical networks HPON presents the
intermediate between TDM and WDM-PON networks

with two different purposes/approaches. The first one
is a creating of the network combining TDM and
WDM-PON elements in order to increase a number
of subscribers and a reach. The second one is an occa-
sion for a smooth transition from TDM-PON to WDM
networks without violation of service provisioning for
original TDM subscribers.

In the HPON network configurator, some new fea-
tures for the SARDANA HPON networks were pre-
pared – the selection of transmission parameters uti-
lized optical fibers, various wavelengths spacing at the
DWDM multiplexing, a list of available transmission
channels for DWDM and CWDM multiplexing, the
presentation of available attenuation classes for the
original TDM network. At the SARDANA configu-
ration, it is not possible to select or insert incorrect
values. For this case, a reason of actual limitation is
presented.

Based on output values from this configuration pro-
gram, it is possible to evaluate various different ap-
proaches for building hybrid passive optical networks
and to compare them from many usable aspects – a
number of subscribers, maximum reaches and trans-
mission rates, optical components and technologies.
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