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Abstract: This thesis deals with the principle of data storage from passive optical networks. The 

thesis contains a basic summary of differences between individual standards, but the work is 

primarily focused on the description of the principle of frame storage based on the GPON standard 

developed by the International Telecommunication Union – Telecommunication section (ITU-T), 

which is considered the most widespread. 
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1 INTRODUCTION 

In the few last years, the emphasis on stable and fast internet connection has been increased. The 

progression is well demonstrated by many inventions such as dial-up connection (90’s of the 20th 

century), asymmetric digital subscriber line (ADSL) connection, creation of internet protocol 

version 6 (IPv6), exhausting internet protocol version 4 (IPv4), massive covering last-mile 

connections with fiber to the … (FTTx) etc. High bandwidth is also required for wireless networks, 

so optical fiber has been introduced into fiber to the antenna (FTTA) [1]. The current traffic of the 

telecommunication infrastructure is transferred all over the world and provides transmission 

channels for all previously separated services (telephone networks, mobile networks, energy meter 

readings, etc.) [2],[3]. 

The lower maintenance and operation costs of tens of kilometres of lines, without the use of signal 

repeaters and other active elements along the optical lines, have allowed a huge development of the 

passive optical networks (PONs). These networks are mostly deployed to connect end users to the 

Internet as the so-called last mile connection. With this massive development in recent years, both 

existing and newly developed protocols emphasize their standardization and uniformity across all 

the devices of all manufacturers. It is precisely because of the lack in the uniformity of protocols 

which have no compatibility between manufacturers of individual devices. 

2 PON STANDARDS 

Although the massive expansion of passive optical networks has been observed in the last decade, 

the development of PONs has begun in the last century. In optical networks, as well as in other 

telecommunication networks, the way of communication over infrastructure is defined by the 

transmission protocols. 

Optical transmission protocols implemented in optical devices are based on recommendations of 

the ITU-T and the Institute of Electrical and Electronics Engineers (IEEE). Transport protocols are 

not defined by organizations which only recommend methods of encapsulating and accessing data. 

The main difference between these two families of protocols is the data encapsulation. While the 

ITU-T defines a family of protocols based on the time division multiplex (TDM) and data is 

encapsulated with proprietary protocols, IEEE deals with an encapsulating the Ethernet frames to 

the optical transport network [4]. The transmission speed is given by individual standards which 

are described in Table 1 based on [5], [6], [7]. 
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Standard Developed by Speed DOWN/UP Released 

ATM-based PON (APON) ITU-T 622/155 Mb/s 1998 

Broadband PON (BPON) ITU-T 622/155 Mb/s 2001 

Gigabit PON (GPON) ITU-T 1,244 or 2,488 Gb/s 2003 

Ethernet PON (EPON) IEEE 1,25/1,25 Gb/s 2004 

10G EPON (10GEPON) IEEE 10/1 Gb/s 2009 

Next-generation passive optical 

network (NG-PON) 
ITU-T 10/2,5 Gb/s 2010 

The next generation passive optical 

network stage 2 (NG-PON2) 
ITU-T 40/10 Gb/s 2015 

Table 1: PON standards – basic overview 

Computer networks use the International Organization for Standardization/Open Systems 

Interconnection (ISO/OSI) model of communication. Although the standards which are defined by 

the IEEE deal with the encapsulation of Ethernet frames in optical networks, that follows a 

completely different model of the ITU-T standards. 

2.1 GPON FRAME 

The GPON frame is the data unit of the second layer in the GPON standard. Its structure is divided 

into the header and the body in which the encapsulated data of the higher layer protocols are 

transmitted. It is a standard of the ITU-T organization that uses the proprietary GPON 

encapsulation method (GEM) for the payload encapsulation. The structure of the GPON frame with 

the length of each field in the header is shown in Figure 1. 
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Figure 1: GPON frame structure with field lengths 

Compared to the ISO/OSI model, the layer model in this standard is reduced to only 4 base layers – 

the highest service adaptation layer, the GEM frame encapsulating layer, the GTC layer containing 

the GPON frames themselves and the lowest layer containing the physical layer frames. Detailed 

information about the GPON frames can be found in [6]. 

3 STORAGE FOR GPON FRAMES 

So far, our work is primarily focused on the work with the downstream frames defined by the 

GPON standard. The traffic which was sent by the optical network termination (OLT) to the optical 

network unit (ONU) is captured by the field-programmable gate array (FPGA) card. Transmitted 

bits detected by the card are reconstructed back into the GPON frames by parsing software which is 

written in C#. Further process requires to store the data obtained in a suitable manner in a raw form 

in order to avoid an unnecessary loading of the parsing software. For the purposes of future 

analysis, it is necessary to store the reconstructed frames in a raw (binary) form. The binary data 

representation is unreadable for the people, but for a computer the processing is much faster.  

Due to the relatively "low" transmission speed in the comparison with the newer standards, it is 

necessary to perform a thorough optimization of the storage process in order to apply this principle 

to the newer optical standards of the ITU-T family. The transmission speed of the standard GPON 

is 8000 frames per second where the size of one frame can be up to 38 megabytes. 
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3.1 THE WAY OF STORING 

The method of storing frames in the repository is determined in accordance with the use of the 

repository. Due to the huge data flow and data size, they cannot be stored in one frame at a time. 

Based on experiments with Microsoft Structured Query Language (MS SQL) database, it was 

necessary to write several batches of frames at one time.  

The main problem discovered in connection with MS SQL database was the subsequent processing 

of the data by the Python program. Despite the maximum utilization of the relational database 

potential, such as the relatively easy design of a repository its logical division of data of the same 

type into individual tables. Reading and adjustment of the data took much more time than the run 

of the analysis scripts. The JavaScript object notation (JSON) format was chosen as a suitable 

output for the further process. 

3.2 ARCHITECTURE 

The first attempts to write a large amount of data were made directly from the parsing software to 

the MS SQL database according to the diagram in Figure 2. To maintain a certain amount of 

abstraction, writing from the parser to the database is performed through an application interface 

(API) created by using stored procedures. These stored procedures are written in the Transact SQL 

(T-SQL), which is a language for communication with the MS SQL databases. Over the created 

API, the individual captured frames are sent to the database, where they are divided into individual 

tables and connected by a unique key ensuring their consistency. Reading from the database is 

possible through the API, which reads all data based on the query. The second way that the analysis 

tool was used is to call a query that returns the result in the JSON format. 

FPGA 

and 

PARSING SOFTWARE
DATABASE

 

Figure 2: Simple storage process 

As the last API feature, you can make simple filters or calculate traffic statistics. A typical example 

of a filter is the detection of the ONU activation process from the captured data. Although the 

research is focused on the development of a single device that will process the GPON data, tasks 

have been divided into smaller blocks, precisely for better scalability and portability. Due to the 

high demand on the writing speed and slow processing of the database, there is a high frame loss, 

which in extreme cases is up to 90% of the frames loss. 

In the other tests, the MS SQL database was replaced by the document database MongoDB [8]. 

This database allows you to save objects in the JSON format. This also ensures faster reading from 

the database, as there is no need to convert the data to another form because the data is already 

prepared. With the MongoDB in the serial writing mode the speed has reached 2300 GEM frames 

per second (10 MB/s). This value is quite low and therefore the parallel writing was chosen. In the 

second case the speed increases up to 26348 GEM frames per second (108 MB/s). During standard 

transmission, up to 72000 GEM frames can be transferred in 8000 frames per second, which 

corresponds to 311 MB/s. The optimal solution to increase the writing speed would be to use the 

Mongo database in combination with the cluster. Because the resultant requirement is to let 

everything run on one machine, it is necessary to look for an optimization elsewhere, such as using 

a cache. 
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Figure 3: Storage process with using cache 

The solution with using a queue as the frame cache is shown in Figure 3. Between the database and 

the matching software are inserted three components -a manager, a queue and a worker. Thereby 

the split storage process is divided into two parts. The first one must be fast to fill the cache 

memory and the second one that reads the stored jobs from the queue and stores them in parallel in 

the database. In this way, it is possible to start saving separately. After the start of the parser 

process, all data are being buffered into the cache. If the machine had enough hardware resources, 

it would be also possible to run workers which read frames from the cache and store them 

permanently in the Mongo database. In the specific case where the server has the problem with the 

performance and thus all the performance is consumed by the parsing software and the cache, it is 

possible to run only storing to the cache and after stopping the parser, to run only the workers and 

store frames in the database. 

According to the diagram in the Figure 3, the Redis database was used [9] as the cache[8]. It is a 

database of the key-value type that allows to store various abstract values - dictionaries, pictures, 

sets and more. The values are inserted into the database by the manager, then they are read and 

processed by the workers. The advantages and disadvantages of this queue implementation affect 

the behaviour of the whole system. In some cases of the implementation, it was necessary to use 

the queue and several managers to slow down the entire system in order to prevent overload. In this 

case we put the emphasis on the real-time processing (storing) requests. For managing the cache 

was chosen the asynchronous queue called a Celery [10]. The celery is an advanced framework in 

the Python programming language, which is focused on the real-time processing of tasks, but also 

supports task scheduling. 

The source code of the manager is based on the implementation of the representational state 

transfer (REST) API using the Flask framework. Using the POST method, the data from the parser 

are sent to the REST endpoint in the JSON format. The JSON data were inserted into the Celery 

task and stored in the Redis database. The individual tasks from the Redis are read by individual 

workers, who compose the GPON frames from the obtained JSON file and then save them as 

objects into the Mongo database. However, this approach causes a problem in writing 

parallelization, because the data are no longer stored in the database in the same sequential order, 

but according to the current size of the tile and the speed of the worker. For this reason, it is 

necessary to solve the problem of correct sequencing of the frames, for example, according to the 

frame counter field in the frame header or by using a unique key which can be added by the 

manager. During the test, only the Flask framework development web server was used, which is 

not suitable for a production deployment, but the speed of serial writing was increased to 8000 

frame headers in 2 seconds (53 MB/s). 
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4 CONCLUSION 

This study briefly summarizes the development of the optical network standards, provides an 

overview of the speed of each standard and describes the fundamental differences between the 

standards defined by the ITU-T and the IEEE. Even though the GPON standard is no longer the 

latest, it is still the most widespread and not only in the Czech Republic. Its transmission rates are 

suitable for common applications. The latest standard which according to the authors in 

contribution [7], contains a security risk, has not yet reached a massive expansion. 

 In the second part of this study, the problem of storing frames from the GPON network was 

described and the achieved writing speed of captured data were presented. With gradual 

development, we can gradually achieve better results and in the near future we are going to 

experiment with other technologies that could increase the writing speed. To improve the results on 

the database side, it might be benefical to replace it with the ScyllaDB database, which should 

allow faster writing. We are currently working on how to make a full use of the asynchronous 

queue and we are performing tests with rewriting the code to an asynchronous one, replacing the 

Flask web interface with the Tornado framework.  
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