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Abstract— The FTTH/x is an emerging technology with the capability to deliver a high speed
broad band services to the subscribers. Its flexibility and reliability are among major factors that
drive the implementation world wide. In relation to this matter, the technique for monitoring and
managing the element is a crucial subject to look into in order to ensure smooth operation as well
as network survivability. In this paper, an enhancement to the existing ONU management system
is proposed, developed and demonstrated as a proof of concept solution. An in-band management
technique has been developed by integrating a microprocessor and data switching chip with the
ONU in a single board. The main idea is to provide an Ethernet or IP based management link
for remote management from the NOC office rather than MAC based only. With this unique
solution, it serve as a complimentary features to the existing ONU management and monitoring
function and additional external managed devices could be eliminated for a cost effective and
simpler FTTH deployment and maintenance process.
1. INTRODUCTION

Fiber to the Home/x (will be referred as FTTH onwards) deployment is actively in progress around
the world. Most of the telecommunication or internet service providers chose this type of access
technology due to the nature of fiber optic cable that is capable to carry high bandwidth traffic.
This solution is also made possible with the introduction of its components, namely Optical Line
Terminal (OLT) which is placed in the Central Office (CO), Optical Network Unit (ONU) as the
user’s equipment and the optical splitter that will distribute the optical network from the OLT to
multiple users.
Together with the deployment progress, researchers are also exploring various types of techniques
to optimize this solution for a better service delivery as well as operational excellence. One of the
main issues that could be look into is the monitoring and management process.
The monitoring and management method could vary from physical network, the network elements, or the service quality and status. One of the studies done is on in-service optical link
monitoring using the Optical Time Domain Reflectometer (OTDR) [1]. Then there is also a significant application development for link surveillance and link faulty identification in the FTTH
network [2]. However these studies are more towards the physical link aspect.
In this paper, a solution for Ethernet based ONU monitoring and management function is
proposed. It could also be used for element (ONU) as well as link monitoring function.
2. DESIGN CONCEPT

The concept is based on the generic ONU architecture where its basic function is to convert the
incoming optical to electrical signal and vice versa. In addition, the ONU is also communicating
with the OLT for operational purposes, such as registration, provisioning as well as monitoring.
This is done through the Media Access Control (MAC) and Physical Media Dependant (PMD)
layer in both OLT and ONU chipset. The service adaptation layer in the ONU will handle the
appropriate signal format for each of the subscribed services by the users. These services will be
sent to the user through the User Network Interface (UNI) port [3].
In FTTH architecture, the management function will be handled by the OLT chipset with
a designated Operation Administration and Maintenance (OAM) or ONT Management Control
Interface (OMCI) frames in EPON and GPON respectively. Theses frames are utilizing the same
physical link as the user’s traffic and usually have a proprietary message format defined by the
chipset vendors.
Although the current defined command and protocol is sufficient for the provisioning of the
FTTH-PON system, there is limitation should the operator require to mange the ONU through
Ethernet based protocol. In fact, to archive this, an additional external Internet Protocol (IP)
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Figure 1: Conceptual design for in-band ONU management and monitoring function.

device, for instance, a router or monitoring PC is required to be installed at users’ premises. The
reason for this is because the existing communication method is based on Layer 2 or MAC based
only. Thus, the monitoring application server could not recognize the ONU with this addressing
scheme.
With this in mind, an enhancement has been proposed on top of the existing generic architecture. Apparently, in this project, the solution is derived on EPON technology. Although the
communication method might differ, it is also applicable for GPON technology.
To archive this, two major components have been introduced together with the existing ONU
chip. Firstly, a switch will distribute the user traffic to and from the ONU through the UNI port.
Secondly, the microprocessor chip (MPC) will be used as the main management and processing
module.
As shown in Figure 1, all of the management packet from the management or monitoring node
will be diverted to the MPC by referring to its IP address. Other packets will be forwarded to the
users based on the subscribed services through the UNI ports. On the other hand, the OAM or
OMCI packets will be responded by the ONU chip to the OLT in the CO.
With this concept, not only the generic network application tool could be installed, but also a
user customizable application could be ported with a specific management and monitoring functions
and process.
3. DEVELOPMENT AND IMPLEMENTATION

The development idea is to integrate all of the three major chips (ONU, switch and MPC) in a
single PCB board and enclosed with a 1U rack mounted casing.
In this project, the ONU chip used is TK3714 by TeknovusTM EPON solution, where it has a
dual-speed (1.25/2.5 Gbps) and auto-sensing optical interface which will be connected to the burst
mode transceiver and two UNI ports, i.e., Gigabit Ethernet (GE) and Fast Ethernet (FE) interface.
Further more, it is a complete System-on-Chip (SoC) integrating an IEEE802.3ah-compliant EPON
MAC, CPU, and memory [4].
The packet switching block consists of a Marvell 88E6095 chip, which has 8-port FE and 3-port
GE interface [5]. Using this chip is an advantage to the development process due to the available
firmware control provided by the TeknovusTM chip through the MDIO interface to control and
manage the switch internally.
Finally the MPC or control processor block utilizes a FreescaleTM MPC8349EA PowerQUICC
II Pro integrated host processor. The processor is built with high-performance PowerPC e300
processor core operating at up to 667 MHz, as shown in the diagram below, and it features various
peripheral interfaces sufficient for design requirements [6]. The firmware is based on Linux kernel
2.6 with a few additional drivers developed.
The network link for user’s traffic from ONU chipset is connected to one of the GE port of the
switch. Next, to enable the in-band management and monitoring function, another GE port of
the switch is connected to the MPC’s GE network interface. The interconnection could be seen in
Figure 2 below.
Once the board has been fabricated and assembled, it has been put to test to prove its feasibility
in FTTH network. An FTTH network has been setup in the laboratory emulating the actual
deployment scenario starting with the GE switch as one of the Metro Ethernet node in the CO.
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Then, the OLT is connected to the switch through its uplink GE port while the PON interface
port is connected to the distribution splitter. Next, from the splitter, each port will be connected
to this enhanced ONU optical port. On top of this, a monitoring and management workstation is
connected to the GE switch, functioning as the Network Operation Center (NOC).
In order to enable the in-band feature, configuration has been made by defining a dedicated
Virtual LAN (VLAN) ID for the monitoring and management packet. The affected devices for this
configuration are the GE switch, OLT and ONU itself. Thus, these will provide a private virtual
link from the monitoring and management node to the ONU.
Next, two network application tools are installed in the MPC chip for functionality test. The
first is SNMP agent for management and monitoring using the Ethernet link, and the second one
is the IXChariot by IXIATM that could be used as a remote throughput or ONU data link speed
testing tool. For both tools, the controlling and management is done remotely from the master
application installed in the monitoring node. Figure 3 shows the experimental setup and the results
will be discussed in the next section.
4. RESULT AND DISCUSSION

As described in the previous section, the developed device is tested on its capability to be managed
through Ethernet communication using network application tools. Based from the network architecture defined in the previous section, each ONU will be pre-configured with a unique IP address
(in the MPC chip). The result is captured by the monitoring node that is connected to the GE
switch which is also being shared by the OLT for serving users’ traffic.
Two tests being conducted to show the management function and its feasibility. The first one is
to show the management function capability using SNMP by installing an SNMP agent in the MPC.
The SNMP manager used is ‘IReasoning MIB Browser’ to emulate an actual network operation
center monitoring application.
As shown in Figure 4(a), the monitoring node could send SNMP command to request or instruct
the microprocessor to execute the desired operation. In this case, an SNMP get request command
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Figure 4: (a) MIB browser showing the received SNMP agent parameters. (b) Throughput test using
IXChariot application.

has been sent to request the ONU information (as being defined in the SNMP agent in the MPC).
After that, a remote throughput test has been executed using IXChariot application to measure
the ONU link speed. This could also be used as a diagnostic and verification tool to ensure link
efficiency remotely. In this configuration, the bandwidth set for each of the ONU is 100Mbps.
Hence, from the screen capture, the result shows that the actual ONU link speed is approximately
94 Mbps, which is acceptable taking into account the EPON packets overheads [7]. The result could
be referred in Figures 4(a) and (b).
On the monitoring perspective, the ONU now could be seen as another IP node in the FTTH
network and with this feature more monitoring and management flexibility could be archived.
5. CONCLUSION

The concept and method of in-band management for managing and monitoring the ONU in FTTH
system has been demonstrated and explained in this paper. Apparently, the integration of a
processor chip with the ONU could provide more space and flexibility for user defined network
applications and various types of Ethernet based network application tools could be implemented
in a single box. Hence, this approach could enhance the remote monitoring and management
process in the FTTH system.
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