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Abstract 
 

Nowadays, optical fiber is widely used in several areas, especially in communication 

networking. The main reason is that optical fiber has low attenuation and high bandwidth. 

However, the switching functionality is performed in the electrical domain (inside the router), 

thus we have transmission delays in the network lanes. In this study we explore the possibility of 

developing a hardware “plug-in” that can be connected in parallel with routers of the network 

enabling the router with “plug-in” to let it bypass time-critical traffic. We researched different 

switching techniques for optical fibers and realized it would be an expensive endeavor to create 

one for a large number of wavelength/connections, thus, we scaled it down to prove the concept 

“plug-in” where we use fiber optical switches and Mux/Demuxes for our design. 

With our chosen optical components, we were able to bypass the routers (layer 3 switches) in our 

test environment and switch between different users to chose which one has the direct link. 

The conclusion can be drawn that it is possible to create such a “plug-in” which could be used by 

ISPs, to provide a faster lane to consumers with less modification of existing networks. 
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Introduction 
 

Background 

History of Optical Fiber 

The first research on guided transmission of light was in 1870 when John Tyndall used a jet 

water flow between two containers to show that light used internal reflection to follow a specific 

path. When light shone on the surface on the first container the light curved following the water 

flow in a zigzag path.[1] 

Due to the high attenuation when transporting light through a medium it was not an option for 

commercial transmission of information, but this changed with the development of lasers and 

fiber and soon the fiber optical cable passed the electrical cable in speed and transmission range 

capabilities. 

The year 1991 Desurvire and Payne showed an optical amplifier built from an optical cable, a 

component that made it possible to carry 100 times the data that an equivalent electrical system 

could.[2] 

Optical Fiber Usage Today 

In present time optical fiber is widely used in several areas, some of them in long distance links 

for data transfer and communication, others have been integrated in electronic devices due to its 

immunity to electromagnetic interference.[3] 

Related Research 

There has been a lot of research going on about fiber optics and how to enhance the capacity of 

the backbone of the Internet to handle effectively the yearly increase in demand for bandwidth. 
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Problem 
The initial architecture of the Internet was not designed for the huge number of users and 

connections that we have experienced today. This has led to a continuous research on how to 

improve the capacity of the Internet. The use of copper cables has reached its limit in bandwidth 

and distance, thus fiber has replaced copper on the long distance communications and is in the 

process of replacing the local use of copper cable as well. 

Fiber networks have been a good solution for maximizing speed over long distances but it lacks 

the easy control of electric networks when it comes to size, switches and buffers. 

The issue at hand is to implement a working optic switch/router that can replace the current 

electrical ones, in order to improve the speed and bandwidth significantly. Electronic routers 

became the bottleneck in the optical communication systems due to the sheer amount of data the 

fiber can transfer. 

 

To conclude the problem paragraph: 

 Is it possible to create an overlay network in small scale? 

 What potential does this network design/solution have? 

 

Purpose 

This project aims at developing a hardware "plug-in" that connects in parallel with routers of the 

network and that is able to bypass these routers for time-critical traffic. This will lead to an 

overlay network with properties that better suit such traffic. The "plug-in" should be as simple as 

possible. In particular, it does not need to understand packet communication. Instead, it will set 

up a circuit switched connection between the sending node and the destination node to guarantee 

the communication quality. 

 

This paper is our attempt to create a method for an overlay network in the currently available 

internet. Build a simple test model for the concept and depending on the results discuss a new 

model at a more advanced level that would work in a bigger network. 

 

Limitations 

The optimal way of building and testing this would be to have a large optical network to employ 

the “plug-in nodes” on, which is built with the best available components and test that network.  

This is not reasonable because of the limited budget of this project. Instead we are focusing on 

the minimal approach that can be scaled up in principle. 
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Optics theory 
 

This chapter will explain parts of how optics work and some phenomena that fiber optics are 

using to function, as well as some explanations of things related to fiber optics. 

 

Wavelength 

Light exists in a variety of wavelengths and frequencies, for example, visible light ranges from 

380nm (violet) to 750nm (red). The light commonly used in short range networks is around 

850nm, longer range optic networks use the 1310nm and 1550nm wavelengths. These three 

wavelengths are used due to their lower absorption and attenuation than the ones in between.[4] 

 

 
Figure 1: Light spectrum with network wavelength windows 

 

Attenuation and Dispersion 

Since the design of optical data link depends on the power sensitivity of the demodulator circuit, 

fiber attenuation needs to be taken into account. Attenuation is the power loss of the light as it 

travels through the optic media (fiber etc). Loss also occurs in other components such as 

couplers.  

 

The attenuation loss of light is very low compared to other means of data transportation. 

Electricity has a quite high attenuation, it partially turns into heat as it travels, and therefore, has 

a loss in power over distances. This is one of the main reasons for using fiber optics instead of 

copper cable over long distances. Attenuation is caused by absorption and scattering, absorption 

being caused by very small water impurities (vaporized) in the fiber. Scattering is when rays of 

light bounce off atoms or molecules in the fiber material (not the walls of the fiber).[5] 

 

Spreading of a signal over time is called dispersion. In optical domain there are two types of 

dispersion, Chromatic dispersion and Modal dispersion. Chromatic dispersion incurs due to 

different speeds of light rays causing signals to spread over time while Modal dispersion is due 

to different propagation modes in the fiber.  
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Figure 2: Attenuation and Dispersion [F1] 

 

 

Circuit vs Packet 

Before the Internet became popular, the telephone network (based on circuit switching) was the 

dominant source of communication that uses circuit switching. In the circuit switching approach 

is set up a physical (electrical, copper wire) link between point A and B to transfer the 

information mostly without any interrupts. The connection is then teared so that others can use 

the links. Circuit switching creates a bottleneck, such as you cannot have more than one 

connection going to or coming from point A (the line is busy for everyone except the currently 

connected). The Internet today uses packet switching to transport information between 

computers. With packet switching you can have several connections running in parallel but they 

have to share the links bandwidth.[6] 

 

Light Buffer 

In electronics it is possible to store and buffer data when transferring it between nodes, this is not 

possible in optics since you cannot store light. Today optical buffering is done by delaying light 

with different techniques, some of them are fiber loops, slowing light using meta-materials, 

semiconductors and slowing light using photonic crystals.[7] 

Conversion of communication signals from light to electricity is a time consuming task, and it 

scales poorly with high optical bandwidths, so a working light buffer or storage is a highly 

sought after technique. 
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Wavelength Division Multiplexing (WDM) 
In the first generation of optical fibers you could only send a single wavelength pulse of light 

through a fiber. The technology improved over time and sending several pulses of different 

wavelengths in one fiber became possible. This technique greatly increased the bandwidth that 

could be carried by each fiber.  

 
Figure 3: WDM [F2] 

 

Multi- and Single-Mode Fiber 

Multi-mode fiber uses a larger core that can fit more wavelengths than the single mode but the 

signal degrades at a faster pace because it bounces on the walls more, so it is used in short 

distance networks with low frequency (850nm) light. Its fabrication is also less expensive. 

Single-mode fiber has a small core, since it is small the light can travel more straight with less 

bounces, thus low attenuation. It is used  for long distance networks and high frequency (1310-

1550nm) lights. 

Multimode fibers are difficult to combine with single mode fibers (in multi → single direction) 

because of its larger core. The opposite way works better (signal spreading out from the smaller 

core into the larger).[8] 

 
Figure 4: Fiber Modes 
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Components 
 

This chapter will describe some optical components and their usage. 

 

Transmitters and Receivers 

To transmit an optical signal you need some kind of light source. This is usually a light emitting 

diode, laser or a laser diode. 

Receivers are a photo-detectors and their purpose is to convert signals from the optical domain to 

the electric domain.[9] 

 
Figure 5: SFP [F3] 

Filters 
Optical filters are the same as electrical filters in principle, they pass or block different 

frequencies depending on the configuration. Optical filters can also split up a signal consisting of 

several wavelengths into several signals with one or more wavelengths in each by using 

circulators. 

Circulators 

This device allows circulating of light, light that enters it will exit at the next port (lowest 

number of ports is 3). It is basically the optical version of an electric circulator. 

Fiber Bragg Gratings 

Fiber Bragg Gratings (FBG) is a type of filter that reflects a predetermined wavelength. It can be 

combined with a circulator to drop the reflected wavelength from the fiber (see figure 10 for 

application of FBG).[10] 

Redband 

A WDM-module filter that separates or combines signals depending on direction of the input. 

The filter in it reflects one wavelength (or wavelength band) but allows others to pass. 
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Figure 6: Redband Filter 

 

Couplers and Splitters 
A coupler is an optical device that fuses one or more signals together to one or more outputs. 

One of the limits of the coupler is that it cannot fuse two or more signals that contains the same 

wavelength. 

The splitter works in a similar fashion as the coupler, but in the opposite direction. It takes one or 

more inputs and distributes them to all outputs. The signal strength in each output depends on the 

manufacturers configuration of the splitter. 

Couplers and splitters are used to fuse or split N x M signals, however splitting a signal means 

that it will be equally distributed among the outputs, both in content and power (each output will 

receive a percentage of the input power). 

 

 
Figure 7: Splitter and Coupler 
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Multiplexer and Demultiplexer (Mux/Demux) 
A Mux is used to combine several input wavelengths into one output. This is used to transmit 

different signals in one optical link for long distance communication (which of course also 

reduces the number of cables needed). 

The Demux is deployed on the receiving end of the optical link, which splits up the combined 

signal into its original wavelengths. The signal splitting is done with filters (the kind of filter 

used depends on wavelength(s) and number of signals to split). 

 

 
Figure 8: Mux and Demux 

 

Optical Switch 

This is a component that takes one of several input signals and redirects them to one of several 

outputs. There are different approaches of how to build an optical switch, for example, MEMS 

(Micro Electromechanical Systems) uses tiny mirrors that are movable and can therefore redirect 

light to different paths depending on current setting. 

 
Figure 9: 1x2 Optical Switch [F4] 
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Optical Add Drop Multiplexer (OADM) 
In a multi-wavelength system an OADM can be used to drop (take out) a specific wavelength for 

reading or modification purpose. It can also add a wavelength to the spectrum (an unused 

wavelength). There are also OADMs that can add/drop entire wavelength bands. 

One way to implement an OADM is to use Fiber Bragg Grating Filters to separate the 

wavelengths and circulators to add/drop them. 

 
Figure 10: OADM [F5] 

 

Wavelength Selective Switch (WSS) and ROADM 
ROADMs are made by combining an OADM and an optical switch. It opens the possibility to 

“route” incoming or outgoing wavelengths. 

A WSS is almost like a one-time configurable ROADM, while the ROADM (R stands for 

reconfigurable) can be reconfigured when needed. 

 

Fiber Optic Router 
A fiber optic router is quite similar to a regular router, the difference is that it has optical 

inputs/outputs (usually in additional to normal Ethernet ports). The inside structure still works in 

the electrical domain. 

Since light is difficult to work with (buffers) there are no commercial fully optic routers out yet. 
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Method 
 

We began our project with studying the optical components (described in the earlier chapter) and 

fiber optical networks.  After some hints from our supervisors we searched for some special 

components that they had suggested such as multiplexers, add-drops, WSS and ROADMs. We 

then drew a schematic (Figure 11) of how we thought we could use these components to design 

an overlay network. We also read some research articles related to the subject to expand our 

knowledge.[11] 

Our initial understanding of optical components and to some extent networks were quite crude. 

This lead to some misunderstandings and incorrect assumptions about some of the components. 

 
Figure 11: Crude Schematic 
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Because of the cost of the components (i.e. WSS) suggested in that schematic (at least for us) we 

scrapped the design. We began a new scheme, i.e., a simpler way of testing the thesis „problem‟. 

Several attempts of minimizing the old schematic was done and after a while we found one that 

might be possible to realize within a limited budget (Figure 12). 

 

We chose to use two wavelengths in different optical bands because it would still prove the same 

concept as using two wavelengths in the same band but at a much lower cost in components. 

Another reason for choosing this was that we found compatible components to (theoretically) 

make it work. 

 

The transmit-receiver part of the network uses 1550nm wavelengths while the "normal router" 

part uses 1310nm wavelengths, they are combined and separated in mux-demux (redband filters). 

Transmit-receive-switch-receive is the overlay part that is placed "on top" of the normal system. 

The switch allows the transmitted wavelength to be picked up by a selected receiver. 

 

 

 
Figure 12: Theoretical Setup 
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The switches are configured to be layer-2 switches that have one virtual LAN for the “invisible” 

1550 nm net. There are three optical ports used on the switches for the 1550 nm net. Each of 

them are directly linked to one Ethernet port where a raspberry-pi is plugged in to act as a 

network device (there is one extra Ethernet port on one of the switches in the 1550 nm net for 

diagnostic purposes). Every 1550 nm transmission port is connected to a 10 dB attenuator so that 

the receiver part (of the SFP), Mux and the optical switch are not burnt by the power emitted 

from the laser. Note that the laser is tuned for distances up to 20 km, while we have optic cable 

for only a couple of meters. 

 

List of materials used: 

● 3x switch with SFP ports 

● 4x 1310 nm/1550 nm WDM redband filters 

● 1x Optical Switch 1550 nm 

● 3x 1550 nm SFPs 

● 4x 1310 nm SFPs 

● 3x Attenuator 10 dB (for the 1550 nm SFPs so it won't burn the other components/itself) 

● Fiber cable and connectors 

● 6x computers (to send/receive information, 4 Raspberry Pies, 1 Pandaboard and one 

laptop) 

 

When setting up the switches (routers) we used Putty to communicate with them via serial com 

port (simulated in Putty on the PC side). Enabling SSH(Secure Shell, protocol) was the first task 

we did, enabling us to communicate with  the switches by their Ethernet ports. 

 

The test environment we used was built up by three programmable switches with SFP and 

Ethernet ports. Between the switches, we have an optical link of 1310 nm with three computers 

that are used to send constant data among each other to check that the Mux/Demux works as 

expected. 
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For the 1550 nm network, we wanted to also use three switches. However the 1550 nm SFP was 

not compatible with one of the switches. Thus we had to improvise, by using two switches and 

them using V-LAN (Virtual Local Area Network) splitting to split one switch into two, where no 

connection could be established in between them. This let us simulate three switches. We used 

this to plug-in three computers and a 1x2 optical switch so only two computes could be 

connected at a time (1→2 or 1→3 where 2 and 3 had no connection). 

Between all switches a Mux and Demux was placed so that both the 1310 nm and 1550 nm 

wavelengths could travel in the same fiber. 

 
Figure 13: Physical Setup 
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The tests we tried on the system was if we could use our overlay plug-in to bypass a switch. We 

performed this by using the test environment described in the figure of the physical setup, we 

switched between the two computers (P1, P2) and one of the connections was bypassing the 

switch (router) by using the optical switch. This was done successfully. 

 

We tried to check if the WDM can be implemented with our selected components. We carried 

this out by checking if there were a connection between all computers that should have it. The 

devices in the 1550 nm network could communicate without problems. At the same time the 

1310 nm devices also communicated properly without fault. There were no communication 

between those two networks as it shouldn‟t be. As previously explained not all devices in the 

1550 nm network could be active at the same time. 

 

We tested if it is possible to toggle the active computers when having a UDP (User Datagram 

Protocol) stream on. Using iperf to create UDP servers on two units in the 1550 nm network and 

two iperf UDP clients on the computer that has access to them. Then using the two clients to 

send constant UDP streams to both servers, we toggled the optical switch and checked if the 

connection could be restored after interrupting it. It worked. 

 
Figure 14: Picture of the test setup 
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Results 
 

This project was not aimed at producing result graphs, but instead testing the components and 

concept of the overlay plug-in, reading articles of related research and trying to create the 

simplest approach possible for further testing. 

 

Limits 
● One needs access to fiber cables at all switches and routers to insert the overlay plug-in in 

the network for full functionality. 

● This kind of switching does not scale well due to linear increase in users gives 

exponential (or at least a multiple of the linear) increase in equipment. The limit is that 

there are no components in the optical domain to handle a very high number of users. 

● Some optical devices are still in their infancy and are very expensive, so the target 

audience is limited to ISPs (or big companies) for this kind of overlay plug-in. 

 

Advantages 

● Access time is faster and possibly less loss for different data streams.  

● Uninterruptible connection unless the physical wires are cut (requires a circuit switched 

approach for holding connections). 

● Few router/switches to access, meaning less latency on the connection and smaller 

chance of getting stuck in a queue, or getting stuck at a currently offline router. 

 

Conclusion 

With the method and tests we used, we can conclude that it is possible to create a “plug-in” that 

can bypass routers with a circuit switched network. In theory this “plug-in” should have faster 

access times and fewer queues due to bypassing packet switching routers, this should reduce the 

propagation time and packet drop rate for streams.  
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Discussion 
 

Optical components and fiber at a large is evolving, with time, in order to achieve higher speeds 

and lower manufacturing costs. Therefore finding the components for the plug-in overlay was 

challenging. The time it took to find the components was not anticipated and this is mainly 

because these components are not usually bought by the regular “Internet customers”. This 

slowed down our progress a lot, as we had to wait for a long period of time for parts to arrive. 

This time could have been spent researching similar subjects, for more general understanding of 

the field. 

Both of us had some general knowledge of how networks work and experience with LAN set-

ups. Now we know a lot more of how fiber works and how it can (and can't) be used for data 

transfer. 

To build up a small physical (partly virtual) fiber network with switches and computers, and to 

make it work, was a fun and learning experience. The physical version of the test set-up did end 

up working almost exactly as we had anticipated. 

 

Application 

A direct hardware fiber link can be used for long distance medical operations with time critical 

video-feed. Another use related to it is HD streaming for motion pictures. Other similar uses are 

stable and crisp voice communication and video conference. 

In time critical stock market trading a very reliable and fast connection could give an edge.  

Low latency network for workstations and gaming stations increase productivity/performance 

and lowers the risk of frustration due to lag. 
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Improvements 
We could have greatly improved the testing capabilities of our system if we had an additional 

optical switch for the return signal fiber in the “green” 1550 nm net . This is something we did 

not consider when getting the parts for the test set-up. The optical switch is only used in one 

direction of fiber, the fiber returning the signals are manually plugged in and out in the network. 

We could not compute the switching speed, because we have to manually connect/disconnect a 

fiber for each connection switching. Another improvement would be a computer controlled 

switching mechanism instead of manual (a toggle-switch connected to the optical device). 

Extension/Future Work 

Improvements of this project can be made both in small and big scale. On the smaller scale (and 

budget) one way to improve it is to automate the switching with software and a Ethernet 

controllable switch device (FPGA/Raspberry Pi connected to the optical switches pins). This will 

let users or the provider to toggle usage on the network without physical contact. Also, with a 

proper circuit switch protocol and a small upscale it can be used in reality. 

 

With higher budget larger improvements (in scaling) can be made, by using WSS/ROADM 

devices instead of small NxM optical switches and tunable transceivers instead of locked single-

wavelength SFPs. This will enable usage of multiple in-band wavelengths for holding more 

connections at the same time but will need a bigger software overhead and protocol to keep track 

of used wavelengths. 

The “plug-in” concept can be investigated for a large scale network in order to fully comprehend 

its benefits, such as reduction in transmission delay.  

 

Furthermore, it would be interesting to investigate what modification/improvements can be done 

to further reduce the delay. The scalability issue of the “plug-in” device and the control plane 

overhead also need to be investigated. 

 

Source Criticism 

We are aware of that using Wikipedia as a source is not always reliable. However, fiber optics is 

a field of knowledge that cannot really have misleading information in it, there is pretty much 

only one way things work (especially considering basic theory and components). 

Our other sources matched our general understanding of the field to some extent and we deemed 

the information to be truthful. 
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