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Abstract 

In environments with underdeveloped transport network infrastructure, such as 

many African countries, the issue of connecting distant yet scarce cities with high-

speed links is an important question. One of the central aspects of the problem is the 

fact that optical fiber links require amplification in the middle, which cannot be 

provided easily as power infrastructure is very hard to implement in locations such 

as deserts. Therefore, a solution including inexpensive and widely available 

components to power the amplifiers is required. 

This Master Thesis presents a project of a system providing power for optical signal 

amplifiers through an alternative energy source, taking advantage of the fact that 

the insolation is high throughout Africa. The system also incorporates remote control 

over the amplifiers via SMS.  

We have been able to set up and test a working 320 km long link at a speed of 1 

Gbps using one amplifier, as well as a working 125 km link at a speed of 10 Gbps, 

using one amplifier as well. The result of the work is providing African network 

designers with an instrument to extend many optical fiber links, as well as giving 

them a reference on how far the links may reach having different bandwidths.  
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Introduction 

This thesis work aims to demonstrate a working long-distance fiber optic link with an 

inline amplifier which is fully or partially powered from an alternative energy source 

and can be controlled remotely. The motivation for creating such a setup is that 

these techniques can be adapted to use in the African countries, which have 

underdeveloped energy and network infrastructures but a large potential for solar 

energetics. Setting up links similar to the one described would help in 

interconnecting distant cities which are not reachable by standard means.  

Several conditions have to be met in order for the link to be feasible to implement in 

a real environment:  

 all the optical and electronic components have to be either standard and 

available off-the-shelf or developed by KTH researchers 

 the amplification and remote control systems need to have low power 

consumption as the availability of power at remote sites is limited  

 the overall cost of the link has to be kept as low as possible  

The actual link that has been developed is 230 km long, with an EDFA placed 80 km 

from the beginning. The EDFA is remotely controlled via SMS by means of a system 

designed by the KTH CSD Condroid team and powered from a solar battery. 

Another question investigated in the work is the impact of chromatic dispersion 

effects on the maximum possible length of an optical fiber link. These effects have 

been investigated only at a link speed of 10 Gbps using XFP transceivers, as it has 

turned out that the effects of chromatic dispersion for 1 Gbps SFP transceivers are 

negligible. 

Detailed information about the all the hardware used, namely the EDFAs, the optical 

transceivers, the remote control system and the powering system, can be found in 

Appendix A. 
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1. Theory 

1.1. General information 

The main point of the project is to prove the possibility of setting up a long-distance 

fiber optic link with an EDFA which could be remotely controlled by simple means 

such as SMS, with the whole system being at least part-time powered by an 

alternative energy source such as a solar panel. Creating a proof of concept for such 

a design is of importance as KTH is currently cooperating with several African 

countries in deploying networks for the overall social good, and the described link 

may be used as a base for deploying optical fiber in areas with insufficient 

infrastructure but high solar energy abundance, such as deserts. 

There are several important results that have been achieved before which make this 

link setup possible and feasible. First, it has been proven that the EDFA used in this 

work can support a working 1 Gbps link as long as 330 km, which is more than 

enough for our deployment strategy. Second, a system developed by the KTH CSD 

Condroid team makes remote control via SMS relatively simple and cheap to set up 

[1]. Finally, the Generic Power Controller (referred to as PCB later on) developed by 

Robert Olsson makes charging a battery from a solar panel easy and reliable. 

1.2. Dispersion and amplification strategy in a long fiber link 

One of the important questions that a designer of a long distance optical link faces is 

dealing with both signal attenuation and chromatic dispersion in the fiber. For 

additional information on chromatic dispersion, as well as other kinds of dispersion 

and the physical mechanisms which cause them, we advice referring to the very 

detailed description in [2]. 

At a first glance, the signal attenuation is thought to be what matters the most. 

Indeed, as shown below, setting up a 335 km long link at a speed of 1 Gbps required 

two EDFAs but no dispersion compensating fiber at all.  

This may seem enough to forget about the dispersion issue in most links reaching a 

couple of hundreds of kilometers. However, scenarios exist where that length would 

not be enough, with one good sample being a deserted area where cities are rare 
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and links have to be up to a thousand kilometers long. In such cases, chromatic 

dispersion can be an unexpected problem for a designer who is not prepared for it.  

While well-known measures, such as using DCF, exist for mitigating this issue, the 

most important aspect here is to notice the requirement of such measures at an 

early stage of network planning. Making a calculation of chromatic dispersion along 

a link requires knowledge of the type of fiber being used, so a reference number for 

dispersion in this kind of fiber is known. Knowing the transmitter model and the 

supported speed is of course very important as well.  

Finally, if a need for DCF arises, the link designer has to plan where in the link to put 

that fiber so that the dispersion effects are minimized. Things get even more 

complicated given the fact that DCF brings its own attenuation which must be 

accounted for in the link budget. 

1.3. Pulse broadening and the chirp parameter - theory 

One of the main parameters of interest for a link designer on the physical layer is 

pulse broadening. It is driven by several factors, such as laser chirp, chromatic 

dispersion and higher-order dispersion in the link. One should note that the measure 

used for a pulse, which is considered to be of a Gaussian shape, is in the general case 

the so-called RMS width: 

                ;     (1) 

The angle brackets mean averaging the function by respect to the intensity profile: 

     
              

 

  

            
 

  

;      (2) 

For a semiconductor laser, the spectral width is determined by the modulation and 

the formula for the pulse broadening can then be written as follows [3]: 

  

  
     

    

   
     

   

   
  

          
   

     
  

 ;   (3) 

In this formula, L is the fiber length, σ0 is the RMS width of the input pulse, C is the 

chirp factor, β2 is the second order chromatic dispersion constant, and β3 is the third 

order dispersion. Since we are using standard single-mode fiber at 1.55 µm, the 
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second order dispersion is dominating. By neglecting β3 and expanding the brackets, 

the formula may be simplified as follows: 

     
   

   

   
 

 
       

    

   
 

 
    (4) 

Examining the right part of the equation, we find that the first member of the sum 

describes the initial pulse width. The second term is the chromatic dispersion due to 

the fundamental spectral broadening caused by the modulation. The third and 

fourth terms are the chromatic dispersion due to the excess spectral broadening 

caused by the laser chirp. The second order dispersion β2 is related to the dispersion 

parameter Dkm as: 

    
     

    
;                   (5) 

In the formula (5), c0 is the speed of light. Our transceivers operate at 1550 nm, so β2 

is about -21.67 ps2/km.  

We may assume that the initial pulse width, 0, is optimized for the length L which is 

specified as the maximum transceiver operating length. A too large initial pulse 

width would give too small margin against additional pulse broadening. On the other 

hand, if the initial pulse width is too small, it will increase the spectral width of the 

signal and increase the pulse broadening. By differentiating (4) with respect to 

  
 and setting the derivative to zero, one obtains the optimum pulse width: 

  
   

   

 
           (6) 

Having found that, we may estimate the pulse width at the end of the link. A 

common rule of thumb is that, after the signal has been affected by different factors 

along the link, 95% of the pulse energy should still be contained inside the bit time 

slot Tb. The value of Tb is dependent on the specified transceiver speed and is 1 ns for 

a 1 Gbps transceiver and 0.1 ns for a 10 Gbps transceiver respectively. Therefore, we 

can write the bounding condition: 

  
  

 
              (7) 

Here Tb=1/B is the symbol time and B is the bitrate. After substituting (6) and (7) into 

(4) we get the dispersion-limited length of the transmission: 
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        (8) 

Having in mind the type of transceiver lasers we are using, we may say that the chirp 

parameter gives the main contribution to the pulse broadening. If the transceiver is a 

directly modulated laser, C is negative, typically from -4 to -2. For an externally 

modulated laser, the chirp factor C can be positive which leads to initial pulse 

compression and a longer dispersion limited length according to (8).  
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2. System Layout and Setup 

2.1. Remote control setup 

The main component of the remote control system is the ALIX board [4] device with 

a USB modem capable of sending SMS through a GSM network. The ALIX board is 

connected to the jig circuit, which provides power and communication with the 

EDFA, via a USB-to-RS232 interface. The general layout of the remote control system 

is as shown in the picture below. 

 

Figure 2-2-1 Remote control system design 

We should note that the core functionality of the remote control system, namely 

receiving and parsing SMS, exchanging data with the EDFA and sending the results 

back, has been implemented by the KTH Condroid team. The major part of work with 

the remote control system was recreating their results and integrating scattered 

pieces of software, as there was no manual available for the installation and 

configuration of the Condroid server program.  

An important feature of the remote control system is monitoring the state of the 

PCB by the same means as monitoring the EDFA. Luckily, the Condroid client has 
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been developed with various target device types in mind, so it was possible to send 

commands to the PCB as well.  

The PCB has been designed in a way that allows monitoring numerous different 

parameters by communicating with the device through the serial port. Data that can 

be retrieved includes voltages at the crucial points of the circuit board and 

temperature sensor information. In our case, we have considered using two 

temperature sensors, monitoring the temperatures of the solar panel surface and 

storage battery, respectively. 

A full list of commands that can be sent to the PCB and information that can be 

retrieved is quite long, opening a wide range of monitoring possibilities for a system 

administrator. Detailed documentation on the PCB can be found at [5] and [6]. 

The hardware setup of the remote control system is quite trivial and basically 

includes proper connection of the components with the appropriate cabling. One 

should note that, as the ALIX board has only two USB ports, a USB hub has been used 

to connect the EDFA and the PCB to the same USB port. It is important to use the 

hub in this very way and not with the USB modem, as it will not work with the 

software setup provided and most likely will not work at all. 

Setting up the required software is more complicated. As part of this work, a manual 

has been developed to make the installation easier, as well as a basic automated 

installation script. The manual can be found in Appendix B. We recommend using 

this manual together with the script and not trying to setup the software by yourself 

if you do not have experience with this system beforehand. 

2.2. Power source setup 

After going through several variants, a setup of the powering system has been 

proposed that may be used in different weather and insolation conditions. Sweden 

and Somalia, as two countries of quite opposite climates, may be viewed as a 

pessimistic and an optimistic work scenario. 

As only a limited scale of experiments with the solar panel in Sweden has been 

possible, and it was totally unfeasible to conduct a similar experiment in Somalia, we 

had to find statistical data to justify if using the system would be possible in both of 

these scenarios. The information used included sunrise and sunset times for each 
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day of the year, as well as average insolation data. The basis for our calculations was 

the data available at [7] for the year of 2011. 

According to that data, the duration of day in Stockholm may vary from 6 to 18 hours 

throughout the year. However, according to [8], the mean daily sunshine duration is 

much less and can be as little as 1 hour per day in December, with the maximum of 

9.7 hours in June. It is obvious that such a small amount of daylight is insufficient to 

charge any kind of batteries in a stable way throughout the year. We propose that in 

Swedish conditions the power-saving system is used from May to July, falling back to 

a centralized power supply throughout the rest of the year. 

Luckily, the climate conditions in Somalia, which the system in question is aimed for, 

are totally different. Firstly, as this country lies close to the equator, the duration of 

the day remain almost constant and gives us a possibility to make the system design 

simpler as there is not much robustness required. Secondly, there is much more sun 

available, with Somalia having around 250 sunny days per year by some estimates. 

While precise information on insolation in Somalia has not been available, the 

neighboring country of Djibouti has from 7.9 to 10.2 sunlight hours per day [9]. This 

makes it feasible to use the solar power system in Somalian conditions all year 

round. 

In general, the layout of the powering system is as shown below. The remote control 

gateway shown in the figure is the ALIX board together with the PCB and the USB 

modem, as presented in Figure 2.1. 
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Figure 2-2-2 Power system design 

As we can see, the solar power system is targeted at providing backup power for the 

EDFAs, which are the most crucial element of the link. The PCB may be also 

connected to a standard power outlet through a step-down controller, getting power 

from the general power infrastructure when there is no sun available and the battery 

is discharged.  

The important thing to understand here is how this feature will be used in different 

environments. In Sweden, the EDFAs will get power from the solar battery when it is 

available and switch over to the general power network when it is not. The remote 
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control gateway proves to be too hard to power from a solar battery and is thus 

connected to external power all the time.  

In Somalia, however, there is often no power infrastructure at all, with the solar 

batteries remaining the only way to maintain stable power for the link. This means 

that the setup is the same, but its use case is different: the EDFAs are powered with 

solar energy, which is abundant, while the remote control system, being less 

important than the amplifiers themselves, is left for the unreliable external power 

infrastructure. 
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3. Experiments 

3.1. Testing maximum possible link length without amplification at 1 Gbps 

The first experiment has been aimed to check if the specification for the given SFPs 

was correct and the maximum possible distance reachable with these transceivers 

was really 150 km. The link setup was as shown below. 

 

Figure 3-1 Link setup at 1 Gbps without amplification 

Further information about the optical transceivers used in this and the following 

experiments can be found in Appendix A. The experimental results are summarized 

in the table below. 

Table 3-1 Experimental results at 1 Gbps without amplification 

SFP-1 output power, 
dBm 

X, km SFP-2 input power, 
dBm 

Power 
margin, dB 

Link 
works? 

+3.4 150 -26.2 9 Yes 

+3.4 180 -34.6 3 Yes 

+3.4 200 -36.6 0 Yes 

+3.4 205 -39.6 0 No 

The 200 km link has proven to work, but only marginally: putting a 3 dBm attenuator 

before the SFP-2 resulted in link failure. Therefore, our recommendation is to stay 

with 180 km as a maximum reliable working distance, as the 180 km link still had a 3 

dBm power margin left. 
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3.2. Testing maximum possible link length with amplification at 1 Gbps 

In the experiments with one EDFA at the speed of 1 Gbps, the network setup was as 

shown below. 

 

Figure 3-2 Link setup with one EDFA at 1 Gbps 

The experimental results were as shown in the table below.  

Table 3-2 Experimental results with one EDFA at 1 Gbps 

SFP-1 output 
power, dBm 

X, 
km 

EDFA input 
power, dBm 

EDFA output 
power, dBm 

Y, km SFP-2 input 
power, dBm 

Link 
works? 

+3.4 150 -26.3 +14.4 80 -5.3 Yes 

+3.4 150 -26.3 +14.4 105 -10.6 Yes 

+3.4 150 -26.3 +14.4 140 -19.6 Yes 

+3.4 150 -26.3 +14.4 170 -26.7 Yes 

+3.4 150 -26.3 +14.4 180 -30.6 Yes 

+3.4 80 -17.4 +15.0 150 -13.2 Yes 

+3.4 105 -21.6 +14.6 150 -14.6 Yes 

+3.4 140 -27.3 +14.2 150 -15.7 Yes 

+3.4 170 -33.3 +12.2 150 -18.1 Yes 
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+3.4 180 -35.5 +12.2 150 -18.5 Yes 

After taking the measurements with the total link length of 330 km, an extra 3 dBm 

attenuator has been placed before the SFP at Server 2, which resulted in link failure. 

We may conclude that a reliable distance to work with one EDFA at 1 Gbps is about 

320 km, which would allow maintaining a 3 dBm power margin. 

It has also been interesting to investigate what power margin would be available if a 

second EDFA was added to the system. In theory, chromatic dispersion would cause 

no problems for link lengths up to thousands of kilometers, and another EDFA would 

add about 150 km to the possible link length. Therefore, we do not account for 

chromatic dispersion, and the power margin is the value of interest. The layout of 

the experiment with two EDFAs was as shown below: 

 

Figure 3-3 Link setup with two EDFAs at 1 Gbps 

The experimental results were as shown in the table below. 

Table 3-3 Experimental results with two EDFAs at 1 Gbps 

SFP-1 
output 
power, 
dBm 

EDFA-1 
input 
power, 
dBm 

EDFA-1 
output 
power, 
dBm 

EDFA-2 
input 
power, 
dBm 

EDFA-2 
output 
power, 
dBm 

R, dB SFP-2 
input 
power, 
dBm 

Link 
works? 

+3.4 -29.0 +14.4 -24.4 +13.0 31 -18.1 Yes 

+3.4 -29.0 +14.4 -24.4 +13.0 33 -20.1 No 

We can see that the sensitivity of the transceivers is getting worse when the link is 

set up this way, having an EDFA very close to the receiver. However, even this setup 

allows us to tolerate another 31 dBm of attenuation, which corresponds to another 
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150 km of SSMF. Theoretically, it would be even more as the specified sensitivity of 

the receiver is -35 dBm. The total attenuation that can be mitigated by such a system 

is around 115 dBm. 
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3.3. Testing maximum possible link length without amplification at 10 

Gbps 

In all the experiments at the speed of 10 Gbps without amplification, the link layout 

was as shown below. 

 

Figure 3-4 Link setup at 10 Gbps without amplification 

The experimental results were as shown in the table below. One should note that 

different transceivers were using different wavelengths, and therefore maximum link 

lengths vary from transceiver to transceiver. Detailed information about the XFP 

models used in these experiments can be found in Appendix A. 

Table 3-4 Experimental results at 10 Gbps without amplification 

XFP 
vendor 

λ, nm XFP-1 
output, dBm 

X, km XFP-2 input, 
dBm 

Power margin 
left, dB 

Link 
works? 

Sweden 
Telecom 

1550 +0.2 75 -14.0 3 Yes 

Finisar 1310 -3.5 25 -13.0 6 Yes 

Finisar 1310 -3.5 50 -21.5 0 No 

The experiment was conducted this way because not every possible fiber length was 

available at the lab. It turns out that while the Sweden Telecom XFPs have a specified 

maximum working distance of 40 km, they work fine with a 75 km link and still have 

a power margin of 3 dBm, which we recommend keeping for future fiber splices and 

transceiver degradation.  The Finisar XFPs, stated to support a link only as long as 10 

km, proved to work fine with a 25 km link having a substantial power margin. We 

assume that 30 km should be the maximum reliable distance for these XFPs to work 

having the same 3 dBm power margin left. 
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3.4. Testing maximum possible link length with one EDFA at 10 Gbps 

In all the experiments at the speed of 10 Gbps with one EDFA, the link layout was as 

shown below. 

 

Figure 3-5 Link setup at 10 Gbps with 1 EDFA 

The experimental results were as shown in the table below. 

Table 3-5 Experimental results at 10 Gbps with 1550 nm XFPs and one EDFA 

XFP-1 
output, 
dBm 

X, km EDFA 
input, 
dBm 

EDFA 
output, 
dBm 

Y, km R, dB XFP-2 
input, 
dBm 

Link 
works? 

+0.2 75 -14.2 +16.5 0.001 
(patch 
cord) 

35 -16.7 Yes 

+0.2 75 -14.2 +16.5 25 15 -7.9 Yes 

+0.2 75 -14.2 +16.5 50 15 -14.6 Yes 

+0.2 75 -14.2 +16.5 75 5 -10.8 No 

We can see that somewhere between the total link lengths of 125 and 150 km, some 

effect prevents the link from functioning. While it is not possible to operate over the 

link, NICs indicate that the signal strength is sufficient, and measurements with a 

lightwave multimeter confirm that. After changing the last 25 km of fiber with 

another one to exclude fiber-related problems, the situation stays the same. We may 
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conclude that the reason for the link not to work while having a sufficiently high 

power level is chromatic dispersion. 

The Finisar XFPs were not used in this experiment, as well as in the consequent 

experiments with EDFAs, as they are working at 1310 nm and the EDFA therefore has 

no effect for them. 
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3.5. Testing maximum possible link length with DCF and amplification at 

10 Gbps 

In this series of experiments, we were trying to determine if chromatic dispersion is 

really the reason for links longer than 125 km not to work. The first link setup was as 

shown below.

 

Figure 3-6 Link setup at 10 Gbps with 1 EDFA and DCF 

The experimental results were as shown below. 

Table 3-6 Experimental results at 10 Gbps with 1 EDFA and 1 DCF module 

XFP-1 
output, 
dBm 

X, km EDFA 
input, 
dBm 

EDFA 
output, 
dBm 

Y, km R, dB XFP-2 
input, 
dBm 

Link 
works? 

+0.2 75 -14.4 +16.3 75 3 -15.3 Yes 

+0.2 75 -14.4 +16.3 100 0 -16.9 No 

In these experiments, the signal power was quite low so there was need for 

additional attenuation only in the first case. The first link, having the total length of 

150 km, worked successfully, and the second one did not.  

We may conclude that DCF has compensated the dispersion successfully; therefore, 

chromatic dispersion was truly the effect that caused link failure. The parameters of 

the DCF module used were as shown below. 
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Table 3-7 DCF module parameters 

Length, km Nominal 
loss, dBm 

Actual loss, 
dBm 

Nominal 
dispersion 

Dispersion per 
kilometer 

8.19 5.02 8.0 -693.1 ps/nm -84.6 ps/nm/km 

As the exact value of chromatic dispersion in the fiber is not known, it is interesting 

to find out in practice the limits of one DCF module. For these purposes, we have set 

up another link, which is illustrated in the figure below. 

 

Figure 3-7 Link setup at 10 Gbps with two EDFAs and DCF 

The experimental results were as shown in the table below. 

Table 3-8 Experimental results with two EDFAs and one DCF module at 10 Gbps 

XFP-1 
output, 
dBm 

X, 
km 

EDFA-
1 
input, 
dBm 

EDFA-1 
output, 
dBm 

Y, 
km 

EDFA-
2 
input, 
dBm 

EDFA-2 
output, 
dBm 

Z, 
km 

R, 
dB 

XFP-2 
input, 
dBm 

Link 
works? 

+0.2 75 -14.4 +16.3 75 -9.6 +14.0 25 5 -7.0 Yes 

+0.2 75 -14.4 +16.3 75 -9.6 +14.0 50 0 -7.5 No 

At this point, we can compare the results of the experiments where a DCF module 

was used and of those where it was not. Without a DCF module, the maximum link 

length reachable at 10 Gbps is something slightly more than 125 km, with that 

number being a reference for a setup which clearly works (see chapter 3.4). Longer 

links will not work at this speed due to chromatic dispersion, regardless of the signal 

power. 
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With the help of one DCF module, one can reach a total link length of at least 175 km 

while still having a large power margin left – around 13 dBm considering the 

presence of an attenuator along the link. A 200 km long link has been proven not to 

work regardless of the power margin. This means that the DCF module can 

compensate chromatic dispersion introduced by approximately 50 kilometers of 

SSMF, which corresponds to 693.1 ps/nm as specified on the box. This result is quite 

close to what was expected from that module. 

Finally, we set up a link using all the available equipment, which includes two EDFAs 

and two DCF modules. This is done for the purpose of giving future network 

designers a reference of how long they can go with what has been available at our 

lab. The link layout is as follows: 

 

Figure 3-8 Link setup at 10 Gbps with two EDFAs and two DCF modules 

The experimental results are shown in the table below. 

Table 3-9 Experimental results with all available equipment at 10 Gbps 

XFP-1 
output, 
dBm 

X, 
k
m 

EDFA-1 
input, 
dBm 

EDFA-1 
output, 
dBm 

Y, 
km 

EDFA-2 
input, 
dBm 

EDFA-2 
output, 
dBm 

Z, 
km 

XFP-2 
input, 
dBm 

Link 
works? 

+0.3 75 -14.9 +15.6 125 -11.2 +13.4 0 -3.9 Yes 

+0.3 75 -14.9 +15.6 125 -11.2 +13.4 2 -5.5 15% 
packet 
loss 

+0.3 75 -14.9 +15.6 125 -11.2 +13.4 5 -6.1 64% 
packet 
loss 
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We may conclude that 200 km is the maximum reliable distance for such a setup to 

work. In spite of the fact that there is a power margin of around 10 dBm left, 

chromatic dispersion is again the limiting factor for the link length. 
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3.6. Measuring power penalty for a 10 Gbps link 

One of the effects that chromatic dispersion and chirp introduce in a link is the 

power penalty, i.e. additional power required on the receiver side to distinguish 

between 0 and 1 signals correctly. The reason for that is the change of the pulse 

shape, which means that a part of the pulse energy is relocated outside of the bit 

slot, making detection more difficult.  

One should note that the total power penalty which we were trying to estimate in 

this chapter was caused by several physical phenomena [2], such as dispersive pulse 

broadening, frequency chirping and reflection feedback noise. The first two are 

considered having the most impact. As the system we examine is operating over 

single-mode fiber, other factors such as mode partition noise and modal noise are 

not of interest in this case. 

The setup was quite simple and included two 10 Gbps transceivers connected over 

an L km link with an R dBm attenuator before the receiver. The main point here was 

examining the power margin that can be tolerated depending on the link length. An 

EDFA has been used for link lengths larger than 80 km.  

The experimental results are presented in the table below. Rmax represents the 

maximum value of attenuators to be put on the link while it is still functional. 

Table 3-10 Results of power penalty measurement 

XFP-1 output, 
dBm 

X, 
km 

Power before 
attenuator, dBm 

Rmax, 
dB 

XFP-2 
input, dBm 

Total tolerable 
attenuation, dB 

+0.5 0 +0.5 18 -18.7 19.2 

+0.5 10 -3.3 15 -18.3 18.5 

+0.5 25 -4.9 13 -17.8 18.3 

+0.5 30 -7.0 11 -17.8 18.3 

+0.5 40 -8.9 10 -18.4 18.8 

+0.5 50 -9.9 8 -18.1 18.6 

+0.5 60 -12.1 6 -18.1 18.6 
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+0.5 75 -14.9 3 -17.9 18.4 

+0.5 80 -16.9 1 -17.9 18.4 

+0.5 90 +15.8* 36 -18.5 19.0 

+0.5 100 +13.8* 30 -18.1 18.7 

+0.5 110 +8.0* 20 -14.2 14.7 

+0.5 125 +5.0* 10 - - 

*After EDFA 

After reaching the link length of 125 km, the system stopped working regardless of 

the power margin. This means that the maximum tolerable link length is somewhere 

between 110 and 125 km, which is somewhat lower than the result achieved in 

chapter 3.5. This may be due to various factors, such as a high number of 

connections in the link.  

More importantly, we can analyze the additional power penalty caused by dispersion 

and chirp depending on the link length. The figure below illustrates the tolerable 

attenuation behavior: 

 

Figure 3-9 Tolerable attenuation versus link length at 10 Gbps 
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To make things clearer, we should explain what the power penalty actually means. 

Dispersion in the link does not affect the sensitivity of the receiver device in any way; 

neither does it affect the signal power. However, dispersion causes the 0 and 1 

signals to become less distinguishable as the link length increases. This effect can be 

mitigated to some extent if the signal is strong enough, which corresponds to the 

case with the 110 km link in Figure 3-9. For longer links, though, pulses become 

completely indistinguishable no matter how strong the signal is. 

We can see that the power penalty in question is in fact negligible for links shorter 

than 100 km, as all the results in that area differ for less than the measurement 

equipment error. However, at link lengths of about 110 km, the effect of dispersion 

makes signal detection at larger link lengths impossible regardless of the power 

margin. 

The received results give us a possibility to estimate the chirp parameter for the 10 

Gbps transceivers. Assuming that the dispersion-limited link length is 110 km, we 

may substitute that length into (8) and solve the inequality with respect to C. The 

simplest way to do that is writing the inequality (8) as follows: 

         
 

       
 ;     (9)  

Solving (9) with respect to C, we find that the chirp factor of the 10 Gbps XFP 

transceivers is about +1.78. This is reasonable as the XFP laser is most probably 

externally modulated. 

It would be tempting to try estimating the dispersion-limited link length for the 1 

Gbps SFP transceivers. Unfortunately, it cannot be done directly as the SFP laser is 

most probably directly modulated, so its chirp parameter should be different and 

most likely negative. However, assuming that C is in the range of [-4; -1.5] for the 1 

Gbps SFPs, the dispersion-limited link length varies from 355 km in the worst case to 

873 km in the best case. 
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3.7. Simulating the Kista-Utö-Fårö link 

An important question to be cleared out in the lab was the actual possibility of 

establishing the link between Kista and the town of Fårö with an intermediate point 

at the island of Utö with the given equipment. That link has been chosen as an 

example of what could be deployed in Africa.  

It has been already demonstrated that setting up a link of an 80 km fiber and a 140 

km fiber with an EDFA in the middle at the speed of 1Gbps should not be a problem. 

Nevertheless, we have recreated a link with fiber lengths close to those required, 

namely 80 km and 150 km, to re-check the link functionality and power budget. 

 

Figure 3-10 Simulating the Kista-Utö-Fårö link at 1 Gbps 

The result of the experiment is shown in the table below. 

Table 3-11 Results of simulating the Kista-Utö-Fårö link at 1 Gbps 

SFP-1 output, 
dBm 

EDFA input, 
dBm 

EDFA output, 
dBm 

SFP-2 input, 
dBm 

Link works? 

+3.4 -14.2 +12.8 -16.1 Yes 

After checking out that the link is working this way, we have changed the link setup 

so that there is 150 km of fiber before the EDFA and 80 km after it. The resulting link 

setup is shown below. 



28 
 

 

Figure 3-11 Simulating the reverse Kista-Utö-Fårö link at 1 Gbps 

This setup has proven to work; the experiment results are shown in the table below. 

Table 3-12 Results of simulating the reverse Kista-Utö-Fårö link at 1 Gbps 

SFP-1 output, 
dBm 

EDFA input, 
dBm 

EDFA output, 
dBm 

SFP-2 input, 
dBm 

Link works? 

+3.4 -28.4 +12.3 -3.6 Yes 

We can see that setting up the link in question at a speed of 1 Gbps is not a problem 

and requires two EDFAs for a two-way link.  Therefore, the final link diagram would 

be as depicted below. 

 

Figure 3-12 Final layout of the Kista-Utö-Fårö link at 1 Gbps 
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However, it was still an open question whether a 10 Gbps link would work. Our 

previous experiments (see chapter 3.3) have shown that a 75 km long link at 10 Gbps 

would work, but a very small power margin would be left. Although it was very 

possible that an 80 km link would also work, the power budget of such a link would 

not allow it to function reliably as an element of the infrastructure. It was also 

unclear if the chromatic dispersion introduced by such a long link would be 

compensated with the DCF modules available. 

Therefore, we have come up with a layout of a 10 Gbps link, which includes two 

EDFAs and two DCF modules. Note that this experiment, while being similar to one 

described in chapter 3.5, is different as X and Y cannot be varied freely. The limits 

put on those variables are obviously the physical distances between Kista, Utö and 

Fårö.   

 

Figure 3-13 Simulating the Kista-Utö-Fårö link at 10 Gbps 

The results of the simulation were as shown in the table below. 

Table 3-13 Results of simulating the Kista-Utö-Fårö link at 10 Gbps 

XFP-1 
output, 
dBm 

X, km EDFA-1 
input, 
dBm 

EDFA-1 
output, 
dBm 

Y, km EDFA-2 
input, 
dBm 

EDFA-2 
output, 
dBm 

XFP-2 
input, 
dBm 

Link 
works? 

+0.3 80 -17.0 +11.1 150 -21.3 +11.8 -4.1 No 

+0.3 80 -17.0 +11.1 125 -15.7 +12.4 -3.5 Yes 

We can see that unfortunately it is not possible to set up the link in question to 

function at a 10 Gbps speed, and the limiting factor is again dispersion. While the 

total link length in the first experiment is 230 km, which is somewhat more than the 
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actual length between Kista and Fårö, it is clear that a 10 km margin is required for 

reliability, and this cannot be guaranteed with the given equipment.  

The solution here would be using a third DCF module, which would provide a 

substantial dispersion margin left for the link. Indeed, the lab DCF modules have 

proven to compensate for around 40 km of SSMF each, so a third one would be 

enough to do the job. 



31 
 

3.8. Testing the power system 

The power system that has been designed consists of a 72 Ah “fritid” lead-acid 

battery and a solar panel described in Appendix A.3. Simple calculations show that a 

power supply of 3 W is required to power two EDFAs. Each EDFA consumes about 

0.54 A of current and requires a 3.3 V input voltage. 

After connecting the battery and one EDFA to the PCB, we have measured current 

between the battery and PCB, as well as current between the PCB and the EDFA. The 

results were as follows: 

 current from battery to PCB: 0.2 A 

 current from PCB to EDFA: 0.54 A 

 voltage supplied by battery: 12.38 V 

 voltage powering EDFA: 3.28 V 

This allows us to calculate the effectiveness of the PCB, which approximately stands 

for (0.54*3.28)/(0.2*12.38) = 72%. 

The main parameters of interest here are the time to charge and discharge the 

battery, provided that the solar panel is used for charging, and the nature of charge 

and discharge. To visualize these processes, we have been using the built-in 

measurement capabilities of the PCB and some custom gnuplot scripts.  

The figures below illustrate the processes of charging the battery from a solar panel 

and from a stable external energy source through a power adapter.  
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Figure 3-14 Battery output voltage during charge from a solar panel 

 

Figure 3-15 Battery input current during charge from solar panel 



33 
 

We can see that the storage battery is quite effective: having a specified capacity of 

72 Ah and discharging to about 50% of full capacity, it has supported one EDFA for 8 

days until the output voltage of the battery dropped to 12 V.  

The figures below illustrate the process of charging the battery using a power 

adapter set for 15 V output.  

 

Figure 3-16 Current from power adapter to the charge controller 
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Figure 3-17 Battery output voltage and power adapter output voltage 

In fact, the battery may provide even longer uptimes, as the EDFA may work while 

the PCB has an input voltage as low as 4 V. However, as we do not wish to damage 

the battery or interrupt the normal working mode of the EDFA, the disconnect 

threshold has been set to 12 V. After that, the PCB would disconnect the load from 

the battery. 

The weak point of the system examined is the solar panel. It can be seen from the 

graphs that it would take a long time, probably a week or more, to fully charge the 

battery even if the load is absent. Powering two EDFAs would require the battery to 

maintain an output current of about 0.5 A. That means that charging the battery 

would require a stable input of 1 A, which is about twice the output current and 

takes battery degradation into account.  

However, there are two factors that prevent such a system from working in a stable 

way: 
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 The solar panel is capable of a 1.45 A output current as a maximum. While 

that is quite possible in Africa, one should not expect that the solar panel will 

give maximum output on a daily basis.  

 It is very likely that quick charging of the battery would be frequently needed. 

This is a natural situation on cloudy days when sunshine is available for some 

hours only.  

Considering all said above, it is obvious that the solar panel capacity should be 

multiplied. A factor of 6 seems reasonable, as 6 solar panels would be capable of a 

maximum 8.7 A current, which is tolerable for most energy cables. Assuming the 

average output current to be half of that – 4.35 A – the battery could be charged 

from 50% to full capacity in about 7 hours. 

After conducting experiments on charging the battery in different ways and 

discharging it separately, we have put the entire system together to investigate its 

behavior in a long-term test. The results of the test are illustrated in the figures 

below. 

 

Figure 3-18 Current from the solar panel to the charge controller during a long-term test 
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It is clearly seen how peaks of the graph correspond to daylight hours. A drop where 

the fifth peak should have been corresponds to a rainy day. 

 

Figure 3-19 Battery output voltage and voltage on solar panel 

The green line shows the voltage generated by the solar panel, while the red line 

illustrates the battery output voltage.  

The main parameters of the battery charging and discharging processes are 

summarized in the table below. 
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Table 3-14 Main parameters of battery charge and discharge 

Process Time Battery 
voltage  
before 

Battery 
voltage 
after 

Input 
voltage  

Input 
current  

Voltage 
on load 

Current 
on load 

Discharge 
with 1 
EDFA 

8 days 12.93 V 12.00 V N/A N/A 3.3 V 0.54 A 

Charge 
from 
solar 
panel 

3 days 
18 
hours 

12.00 V 12.30 V Max  
16 V 

Max 
0.85 A 

N/A N/A 

Charge 
from 
power 
adapter 

8 
hours 

12.00 V 13.3 V 15 V 4.75 A 
nominal 

N/A N/A 

Unfortunately, making a full-scale test with two EDFAs as a load for the power 

system has not been possible due to some equipment issues. We assume the 

relation between the load and possible uptime of the system to be linear. That 

means the battery can support two EDFAs for at least 4 days without having any 

sunlight during those days. It is very likely for this term to be longer, and it basically 

depends on the voltage threshold set in the charge controller to disconnect the load 

from the battery. 
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4. Results 

4.1. Reference link distance-speed results 

One important practical outcome of this project is a quick reference for engineers 

designing a long fiber optic link with a limited amount of equipment. This is often the 

case in the African countries, where connectivity between distant cities has to be 

established. Having in mind the frequent lack of skilled network engineers in the 

African projects, such a reference table would be helpful in a situation where the 

possibilities of setting up an inter-city link have to be evaluated. Information about 

the approximate maximum link lengths with different setup scenarios is summarized 

in the table below. 

Table 4-1 Approximate maximum link lengths for different equipment options 

Speed EDFAs 
used 

Reliable link 
length, km 

Approximate power 
margin, dBm 

DCF used Limiting 
factor 

1 Gbps 0 180 3 None Attenuation 

1 Gbps 1 320 3 None Attenuation 

10 Gbps 0 75 3 None Attenuation 

10 Gbps 1 110 20 None Dispersion 

10 Gbps 1 150 3 1 module Attenuation 

10 Gbps 2 175 13 1 module Dispersion 

10 Gbps 2 200 10 2 modules Dispersion 

4.2. Results of the power system tests 

We have witnessed that the system can last on battery power aided with a solar 

panel for at least one week. While this is tolerable and the uptime could be in theory 

as long as one month, such usage would lead to quick battery degradation. To make 

the system reliable, we recommend that the equivalent of six solar panels used in 

our experiments should be installed on a real-case site. That would ensure that the 
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battery charges quickly with high current while not requiring any special cabling or 

fusing. 

4.3. System cost estimation 

After doing the experiments with remote control, powering and fiber subsystems, 

we can outline the alterations that should be made to the current layout in order to 

put the system into production, as well as the costs that would be required. An 

approximate cost calculation is given in the table below. 

Table 4-2 System components’ cost estimate 

System component Cost estimate 

2 EDFAs $1500x2 = $3000 

6 solar panels $150x6 = $900 

ALIX board $160 [10] 

USB modem with SIM card $20 

Charge controller $270 

Car battery $280* 

Total cost $4630 

*Estimated from prices at blocket.se 

The estimate above does not include installation costs. It is also assumed that the 

fiber infrastructure, possibly a rented dark fiber, is already in place. There is also a 

drawback that the SMS required for remote control require monthly expenses, 

which can form a substantial sum in case of a frequently malfunctioning or 

overheating system. A possible mitigation measure is making a deal with mobile 

services’ providers to make the SMS cheaper or buying them in bulk at low prices. 
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5. Conclusion and Future Work 

5.1. Conclusion 

Tests have been conducted which allow to give estimates of how long a fiber optic 

link can be made with widely available hardware and a given amplifiers’ number and 

placement. These results are given in Chapter 4 and are provided for the engineers 

designing long fiber links, especially in Somalia where power infrastructure is not 

available but solar power is abundant. We have simulated a 230 km long link Kista-

Utö-Fårö in a lab environment to test our solution. 

In addition, a system has been developed that allows retrieving information about 

the amplifiers’ and power system operational state remotely by SMS. A script for 

automatic download and installation of all the required software is provided, as well 

as automatic hardware configuration to some extent. 

Finally, we have tested the alternative power system and found out that it can 

supply two EDFAs for at least one week and possibly up to one month. However, our 

conclusion has been that a power system to deploy in Somalia should include more 

powerful solar panels than the one available at the lab. 

5.2. Future Work 

We suggest that the main direction of future work for this project is further 

development of a reliable power system. Tests with bigger and newer solar panels 

would be required to find out the exact power requirements of the system and the 

way of providing them. Ideally, the test conditions should also be changed. In 

particular, it would be nice to test the solar panels in summer and in a place with a 

warmer climate than Stockholm, corresponding more closely to an African 

environment. 

  



42 
 

 



43 
 

Appendix A: Equipment information 

A.1. EDFAs  

The inline amplifier mainly used in the experiments was an OFA-TCU-17AP EDFA 

manufactured by LiComm. It works with input signal power as low as -35 dBm and 

gives an output signal of about +10.5 dBm regardless of the input power. More 

detailed information about the EDFA used can be found at [11]. 

In the experiment in which the lab record for link length was established, another 

EDFA has been used as well. It was an old model manufactured by AT&T and given 

for experiments by the Acreo company. Unfortunately, a detailed datasheet for the 

second amplifier is not available, but the input signal threshold and output signal 

level are close to the ones that the OFA-TCU-17AP EDFA shows. 

A.2. Remote control device 

The remote control device used in the experiments has been developed by the KTH 

CSD Condroid team in 2011. The components used in the remote control system are 

as follows: 

 ALIX 2c0 board 

 USB hub to connect the ALIX board to the PCB and EDFA 

 ZTE MF110/MF636 USB modem with a Comviq SIM card 

The architecture of the remote control system provides a server-side application, 

which is running under Voyage Linux, and a client-side application, which has to be 

run by the system administrator on an Android device. Detailed information on 

installing the server-side and client-side parts of the system can be found in 

Appendix B. 

A.3. Solar panel 

The solar panel used in the experiments was manufactured by Intertek. Its main 

parameters are as listed in Table A-1. 
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Table A-1 Solar panel parameters 

Model SLP025-12 

Maximum output power 25 W 

Maximum output voltage 17.2 V 

Maximum output current 1.45 A 

Open circuit voltage 21.6 V 

Short circuit current 1.60 A 

Weight 2.9 kg 

Standard testing conditions 1000 W/m2, AM 1.5, +25°C 

A.4. Transceivers 

In the experiments described in chapters 3.1 and 3.2, the servers have been 

equipped with Skylane SFPs marked as SFC55150GE0D134. Details of this code can 

be found at [12]. The most important characteristics are that these are 1 Gbps 

transceivers working at 1550 nm and capable of a maximum 150 km working 

distance, using a DFB laser as a transmitter and an APD photodiode as a receiver. 

In the experiments described in chapters 3.3 to 3.6, two XFP models have been used 

for comparison, and it is indicated which model has been used in each case. 

The first XFP model was Sweden Telecom STC-60013. These are 10 Gbps transceivers 

working at 1550 nm and capable of a maximum 40 km working distance. A datasheet 

for these transceivers can be found at [13].  

The second XFP model was Finisar FTLX1412D3BCL. These are 10 Gbps transceivers 

working at 1310 nm and capable of a maximum 10 km link length. A datasheet for 

these transceivers can be found at [14]. 
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Appendix B: Remote control software installation manual 

This manual is intended to guide you through the process of setting up a remote 

control system for a fiber optical signal amplifier. The system in question has been 

mainly developed by the KTH Condroid Remote Management team as a part of a 

Communication Systems Design project in 2011. However, there has been no 

document that covers installation and maintenance of such a system in detail, 

neither were there any means to simplify or automate these processes. The aim of 

the manual is to clear out every step of system setup and make it simple and 

reproducible. 

B.1. Hardware and software overview 

In the case which has been tested and proved to work, the equipment was as 

follows: 

 PC Engines ALIX 2 v.0.99c board 

 CF card used as a hard disk 

 CF card reader 

 ZTE MF110/MF636 USB modem 

 Tele2 Comviq SIM card 

 2 RS-232 male to USB cables to connect the ALIX board to a PC and to the EDFA 

respectively 

 1 patch cord to connect the ALIX board to the Internet 

 LG-P970 smartphone running Android 2.2.2 

The software used in the system that has been tested consists of four main parts: 

 Voyage Linux running on the ALIX board 

 gammu, an open-source program to control mobile phones, which includes SMS 

receiving, sending and storage functionality 

 condroid-server, a program which parses the SMS and communicates with the 

amplifier 

 condroid-client, an Android application which simplifies sending SMS to the 

server side of the system and processing answers 
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We recommend using this exact setup with the exact program versions that are 

mentioned below as it has been tested and a script has been made to simplify 

installation. Other combinations of hardware and software should generally work, 

but though there are no explicit limitations, any kind of unexpected problems may 

arise. 

B.2. Installing Voyage Linux 

A basic manual on installing Voyage Linux is available at [15]. In this chapter, we go 

into more detail to cover all the choices that have to be made during the installation 

process. The step-by step sequence to install Voyage Linux on a CF card is as follows: 

1. Insert the CF card of the remote control device into a CF card reader and connect 

it to a Linux computer. 

2. Check with fdisk -l to find out which device the CF card corresponds to. The 

output should look like: 

  
 root@fess-laptop:/home/fess# fdisk -l 

  
 Disk /dev/sda: 250.1 GB, 250059350016 bytes 
 255 heads, 63 sectors/track, 30401 cylinders, total 488397168 sectors 
 Units = sectors of 1 * 512 = 512 bytes 
 Sector size (logical/physical): 512 bytes / 512 bytes 
 I/O size (minimum/optimal): 512 bytes / 512 bytes 

 Disk identifier: 0x41a6f6d3 
  
    Device Boot      Start         End      Blocks   Id  System 
 /dev/sda2   *    20981760   254678444   116848342+   7  HPFS/NTFS/exFAT 
 /dev/sda3       254678506   480970034   113145764+   5  Extended 

 /dev/sda5       254678508   295933364    20627428+  83  Linux 
 /dev/sda6       295933428   302070194     3068383+  82  Linux swap / Solaris 
 /dev/sda7       302070258   480970034    89449888+   7  HPFS/NTFS/exFAT 
  
 Disk /dev/sdb: 4022 MB, 4022337024 bytes 

 128 heads, 63 sectors/track, 974 cylinders, total 7856127 sectors 
 Units = sectors of 1 * 512 = 512 bytes 
 Sector size (logical/physical): 512 bytes / 512 bytes 
 I/O size (minimum/optimal): 512 bytes / 512 bytes 
 Disk identifier: 0x00000000 

  
    Device Boot      Start         End      Blocks   Id  System 
 /dev/sdb1   *          63     7846271     3923104+  83  Linux 
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In this example, /dev/sda is the hard drive, and /dev/sdb is the CF card. 

3. Download and extract Voyage: 

 cd /tmp 
 wget http://mirror.voyage.hk/download/voyage/voyage-0.7.5.tar.bz2 
 tar --numeric-owner -jxf voyage-0.7.5.tar.bz2 

We have been using the 0.7.5 version. You may be tempted to download the 

latest one, but our tests with it have not been successful. The latest version had 

problems related to compatibility of the kernel and its modules’ versions. This will 

probably be fixed, but for now version 0.7.5 is the most reliable choice. 

4.  Use the installation script provided with Voyage Linux. Here we assume that the 

CF card is the /dev/sdb device, which may differ in your system. Use the fdisk -l 

command to verify the device identifier. 

 cd voyage-0.7.5 
 umount /dev/sdb1 
 ./usr/local/sbin/format-cf.sh /dev/sdb 
 ./usr/local/sbin/voyage.update 

Go through the configuration as follows: 

 1 - Specify Distribution Directory: /tmp/voyage-0.7.5 

 2 - Select Target Profile: 5 (ALIX) 
 3 - Select Target Disk: /dev/sdb 
 What partition should I use on /dev/sdb for the Voyage system: 1  
  
 Device information for /dev/sdb1 

 device     fs_type label    mount point    UUID 
 ------------------------------------------------------------------------------- 
 /dev/sdb1  ext2    ROOT_FS  (not mounted)  3451e12d-85e2-42a3-8257-

a6040618b0e3 

 Where can I mount the target disk [/mnt/cf]? /mnt 
  
 4 - Select Target Bootstrap Loader: grub  
 Which partition is used for bootstrap [1]? 1 

  
 5 - Configure Target Console:  
 Select terminal type: 1 (Serial Console) 
  
 6 - Partition and Create Filesystem: 

 What shall I do with your Flash Media? 1 (Partition Flash Media and 
Create Filesystem) 
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 (default=7 [Copy Distribution to Target]): 7 
   
 Configuration details: 
 ---------------------- 
  

 Distribution directory:   /tmp/voyage-0.7.5 
  
 Disk/Flash Device:        /dev/sdb 
 Installation Partition:   /dev/sdb1 
 Create Partition and FS:  yes 

 Bootstrap Partition:      /dev/sdb1 
  
 Will be mounted on:       /mnt 
  
 Target system profile:    ALIX 

 Target console:           standard 
  
 Bootstrap installer:      grub 
 Bootstrap partition:      /dev/sdb1 
  

 OK to continue (y/n)? y 
  
 What would you like to do? 
       (default=8 [Exit]): 8 

B.3. Installing gammu and condroid-server 

1.  Unmount the CF card from your system, insert it into the ALIX board and power 

the device on. Then, set up an Internet connection according to your 

circumstances. Network setup is done as in any other Linux version. Our 

configuration was as follows: 

 ifconfig eth0 192.168.2.1 netmask 255.255.255.0 
 route add default gw 192.168.2.2 
 echo ‘nameserver 8.8.8.8’ > /etc/resolv.conf 

2.  At this point, it is possible to automate the installation of gammu and condroid-

server by running the script that has been designed for these purposes. Proceed 

as follows: 

 cd /root 
 wget http://web.ict.kth.se/~chyrkov/remote_control/gammucon.sh 
 chmod +x gammucon.sh 
 ./gammucon.sh 

http://web.ict.kth.se/~chyrkov/remote_control/gammucon.sh
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Each step in the script is commented so one will know what exactly it does. We 

recommend reading the script before running it and altering it according to your 

needs. However, in most cases it should work without modification.  

Note that when the script asks you for the MySQL password, you have to enter 

‘condroid’. This value is hard-coded inside the condroid-server program. 

3.  When the script finishes working, you have to add the administrator’s phone 

number to the Condroid white list. To do this, run the following commands: 

 mysql –u root –p  
 Enter password: condroid 
 use smsd; 
 insert into whitelist values(“+XXXXXXXXXXX”,’true’,123); 
 exit; 

Note that the quotes should be exactly as shown here (‘true’, not “true”). Substitute 

+XXXXXXXXXXX with the administrator’s phone number (e.g.+46720239717). 

B.4. Configuring USB devices 

The system is designed to have four USB devices connected to the ALIX board. There 

are a USB modem, two EDFAs and the PCB. As the ALIX board has only two USB 

ports, the connecting is done the following way: 

 one USB port is used for the USB modem 

 another USB port is used for a USB hub which the EDFAs and the PCB are 

connected to 

A problem that arises here is that the /dev/ttyUSBx devices are assigned to physical 

devices in quite a random way. In our software configuration, there are three files in 

which the devices’ configuration is used: 

 /root/check-temp.sh: this file is used to check data from the PCB temperature 

sensors and runs a kind of autodetect script to find out what device corresponds 

to the PCB 

 /root/CRM-server/condroid.cfg: this file holds information required for the 

Condroid server to get data from the USB devices 

 /etc/gammu-smsdrc: this file holds information about the device that is used to 

communicate with the USB modem. 
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It is quite inconvenient for a system administrator to find out the device numbers 

manually each time the system starts. For the sake of convenience, a script has been 

added to /etc/rc.local that runs devtag on system start, checks for the 

corresponding devices and adds necessary information to other configuration files. 

The important thing that the administrator still needs to have in mind is the way of 

how the Condroid server finds out which device is an SMS command directed to. It 

turns out that each remote device registered in the Condroid client has a “device 

type” specified. However, it is possible to send any command you wish to any type of 

device. What this really means is that the type number gets specified in the SMS and 

is used by the Condroid server as a number of the device connected (which is in turn 

specified in /root/CRM-server/condroid.cfg). That is: 

 “serial1” corresponds to “optical amplifier” device type 

 “serial2” corresponds to “wifi” device type 

 “serial3” corresponds to “water sensor” device type 

 “serial4” corresponds to “etc” device type 

In our software setup, the devices are configured the following way: 

 “serial1” corresponds to EDFA 1, so it is configured as “opamp” in the client 

 “serial2” corresponds to PCB, so it is configured as “wifi” in the client 

 “serial3” corresponds to EDFA 2, so it is configured as “water” in the client 

While it is possible to change all these settings, we advice to keep to the default 

ones, as stability is normally the best policy. 

B.5. Installing the Condroid client 

The package for installing the Condroid client on an Android phone is available at 

[16]. The process of installation is quite trivial and does not differ from installing any 

other application from a non-market source. Moreover, the application developers 

have created a detailed guide on the client installation, which is available at [17], and 

a user guide for the client application itself, available at [18]. 
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