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such as serial data analyzer (SDA) and BER Testeid&egost, all this
equipment has limited BER estimation based on stdnidamat and is not
suitable for custom analysis because of time caimgtto use equipment even
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during offline estimation. This educational softeainterface tool is

Keyword: developed using OPTISYSTEM software and built-in MAB command.
Multilevel Optical Signal OPTISYSTEM is used to design the PAM two levelgyrftevels, and eight
Multilevel signal levels system, while MATLAB is used as an interfaoebuild the BER
Optical Communication estimation tool for measuring the PAM multilevel dutation technique. The
OptiSystem MATLAB GUI system for measuring BER is design using uSsian

probability errors approximation method. The desiyBER estimation tool
simulation, is able to plot the eye diagram, BER diag Q-factor value,

threshold value, and the most important functiotoianalysis the BER value
for two levels, four levels and eight levels of ANP optical communication

systems. The performance of the develop analyzerbkan validated with
the build in analyzer of OptiSystem.
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1. INTRODUCTION
Optical communication plays an important role ioypding high capacity communication network
to all society worldwide. Generally, optical comnation is used for long haul data transmissiorhwiigh
bit rate because of losses in fiber optic is vanalk Optical signal is also immune to electromdgne
interference compared to electrical signal [1-3pn@entional optical communication employed simple
modulation is called as On-Off Keying based on netarn-to-zero (NRZ). For high bit rate, OOK based
return-to-zero (RZ) is used in order to extend rfispan. Due to the rapid growth of internet uséhrs,
capacity of optical system also needs to be upgradevell. For the next generation of high capagjitical
communication network, advance modulation with hggrectral efficiency (SE) is the best option [4-7].
Multilevel signal modulation is proposed to be dine candidate because it will be able to increhseSE[4].
Recently, M-PAM or M-ary ASK has been studied fogtro application[8]. The advantages of this
system including 1) higher SE compared to OOK,a®)dr modulation bandwidth, 3) robust to chromatic
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dispersion (CD), 4) compatible with simple intepsitodulation and direct detection (IM-DD) schemed a

5) cost efficient system. However, in order to desind develop the complete optical system based-on
PAM, a conventional binary or 2 levels signal amalyis incapable of estimating the performancehef t
received signal such as optimum threshold levelarmand variance for each signal level, maximum Q-
factor, and minimum symbol error rate. Therefdanethis paper, we report the development of muléle
signal analyzer to estimate the performance paemethe rest of the paper is organized as folleastion

2 presents the introduction of BER calculation rdththe mathematic formula for calculating thestinold
level, Q-factor, and bit or symbol error rate famdry and M-PAM. Section 3 discussed the simulaietup

of M-PAM optical system, flowchart of the multildveignal analyzer process and also demonstrates the
results obtained from the developed analyzer. Binséction 4 concluded this research.

2. MULTILEVEL ANALYZER DEVELOPMENT

2.1 Bit Error Rate

In digital transmissionthe bit error rate or bit error ratio (BER) isthumber of received binary
bits that have been altered due to noéswl interferencedivided by the total number of transferred bits
during a studied time interval. BER is a unit Igesformance parameter, often expressed as a pageent
number.

The basic equation to determine the BER is asvollo

_ > hit recevied erro Q)

BER - -
> it transmitted

In order to use this formula, bit to bit comparidmtween recovered bit and transmitted bit must be
obtain. However, bit to bit error calculation istmactical because it is time consuming for huie &nd
required large random access memory (RAM) of compuin modern communication engineering,
probability of error method with Gaussian approXiom is more a convenient method to estimate th& BE
[2, 9].

2.2 Q-factor and Probability of Error for Binary

Figure 1 shows the probability density functionffpef a received binary signal with symbaqJ &d
symbol S. In this derivation, we assume that the pdf is $3&n. The bad received bit is the overlapping
region between pdf of symboj &nd symbol §
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Figure 1. Probability density function of a recelJgnary signal

It is very important to select the optimum threshehlue for the decision circuit in order to
minimize the error. The threshold value is giverelyation (2)

— (lul - 01) + (ﬂo + Uo)
2

n

2
where £/ andg; is the mean and standard deviatiorﬁ‘m:{ S §} respectively.
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The Q-factor is
U~ U

= (3)
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The probability of error wherf§, is transmitted is:
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For similar threshold value, the probability of@rwhen S is transmitted is:
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P(e/ %)and P(e/ S) are contributing to total probability of errdihus, the probability of error for
binary is given by:

P=p,P(e/ §)+ R ES
(6)

where pg, and pg, are probability of, arf§ , respectively.

2.3 Q-factor and Probability of Error for Unipolar M-PAM
Unipolar M-PAM is a multilevel baseband signal withsignal levels or symbols. There are M-1
threshold values and thie  th threshold value is:

_ (:Uk ~ Uk) + (Iuk—l - Uk—l)
Vo= 2

(7)
where /4 andg, is the mean and standard deviatiorﬂ(OF{Sb, S . %_1} respectively.
The Q-factor is

Q =t ®)
ak + Jk—l
The probability of error is given by:
M -1 M - 1
PeM—PAM :Z pk|: z Py ij:|
k=0 1=0/# 2 \/E (9)

where p, is probability ofS, :{SO, S %_1}
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2.4 Simulation of Optical Communication System

The performance of optical communication systemlmaobtained by analyzing the received signal
at the receiver side. At this point, the transnditsiggnal has been exposed with various imperfestioi
medium and devices. In order to see the seriousridhs problem, eye-diagram and BER estimatianthe
typical performance parameters require to be déten In order to obtain the received signal, a glete
optical communication system should be developedhis research, an optical communication system is
developed using OptiSystem software platform. Tdheaatages of OptiSystem including; most components
available in library, easy to integrate with othesftware platform including Matlab, and parameter
modification is more easier compare to real optomahmunication system. In this research, 2-PAM @t-n
return-to-zero (NRZ), 4-PAM and 8-PAM based on th&ensity modulation have been developed and
simulated. Figure 2 shows the simulation setup2fo#4 and 8-PAM. 2-1 bits sequence of pseudo random
binary signal (PRBS) at R bit rate is mapped td and 8-PAM symbol sequence. This symbol sequence i
then converted to baseband signal for modulatieglthf50nm continuous wave (CW) laser using external
modulator. In order to vary the received opticalvpn an optical attenuator is inserted before thete
diode. The attenuated optical signal is convertedléctrical signal via p-i-n photo diode. The mogsgnal
pass through a low pass filter with 0.75*R Hz ofaffifrequency. This filtered signal is then sawed mat
file of matlab software.

2.5 Development of Multilevel Signal Analyzer

The developed optical system in OptiSystem platf@mery useful for studying any transmission
issues. In order to determine the performancegrfadj the build in BER Analyzer is available. Thisalyzer
provides the eye-diagram, Q-factor, threshold leared BER. However, this analyzer is limited to bbyna
signal such as NRZ and RZ. In order to analyzetf&AM and 8-PAM, a Matlab programme is developed to
calculate the SER. The input source for this aralyz the received signal of an optical system hizat been
developed and simulated using OptiSystem. In oml@btain the received signal, Matlab Cosimulata t
has been attached to the simulation setup of doabpgbmmunication system. Figure 3 depicts thavélhart
in developing a multilevel signal analyzer. Fistthe saved data from the simulation of OptiSysism
loaded to a matlab workspace. The signal is thenged depending on the symbol. The mean and s@ndar
deviation for each symbol are calculated. Then ttiveshold level is estimated based on the mean and
standard deviation of symbol.

|
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Figure 3. Flowchart of multilevel

Figure 2. Simulation setup signal analyzer
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3. RESULT AND ANALYSIS

The developed multilevel analyzer has been usedatyze data file of 2-PAM, 4-PAM and 8-PAM
signals. For each multilevel signal, this analypeovides a visual presentation of system performanc
including eye diagram and estimation SER using Gansapproximation. Other important parameters such
as Q factor, threshold and SER are also given inemnigal format. Figure 4, Figure 5 and Figure 6idefine
eye diagram for 2-PAM, 4-PAM and 8-PAM, respective2-PAM contains a single eye because it has 2
symbols which are level 0 (first symbol) and letétecond symbol). Meanwhile, 4-PAM contains 3 small
eyes because it has 4 symbols which is level 6t@ymbol), level 1(Second symbol), level 2(Thiydhbol)
and, level 3(Fourth symbol). 8-PAM contains 7 Brages because it has 8 symbols which is levdirst (
symbol), level 1 (second symbol), level 2 (thirdndypl), level 3 (fourth symbol), level 4 (fifth syrab), level
5 (sixth symbol), level 6 (seventh symbol), andele¥(eighth symbol). Figure 7, Figure 8 and Fig@Qre
illustrates the SER calculated base on Gaussiarosipmation over the symbol period for 2-PAM, 4-PAM
and 8-PAM, respectively. The best sampling pointXéAM, 4-PAM and 8-PAM is at 80 ps, 70 ps and 150
ps, respectively. At this sampling point, minimuadue of SER is obtained. At the best sampling pahe
Q-factor, threshold level and SER are determinedghasvn in Table 1, Table 2 and Table 3 for 2-PAM, 4
PAM and 8-PAM, respectively.
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Figure 4. Eye diagram for 2-PAM Figure 5. Eye diagram of 4-PAM
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Figure 6. Eye Diagram of 8-PAM Figure 7. SER of NRZ
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Min BER using Gaussian approx
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Figure 8. SER of 4-PAM Figure 9. SER of 8-PAM

Table 1. Value From The Result (NRZ)

Q-Factor 5.8113
Threshold 7.4465x10V
Ber 4.1601 X16

Table 2. Value from the Result (4- Pam)

Q-factor Threshold Min BER
5.0465 4.44 x10
4.3627 1.283 x10
4.5463 2088 xTo 3746 x10

Table 3. Value from the Result (8 level PAM)

Q-factor Threshold Min BER
6.1576 4.69 x10

6.7193 1.354 x10

7.0266 ST Xl 39942x10
6.9032 3.167 x10

6.3315 4.073 x10

5.6469 4.986 x10

5.2397 5.899 x10

In order to validate the BER result produce usimg developed analyzer, a comparison against the
build in BER analyzer of OptiSystem has been dosmestrown in Figure 10. The figure shows that the
developed analyzer has close match with the boilBER analyzer of OptiSystem. This confirmed that o
developed analyzer algorithm and matlab codingralid.

Figure 11 shows the comparison between 2-PAM aR&B} using the developed analyzer. 8-PAM
optical system requires around 20 dB SNR more coetpdéo 2-PAM. Theoretically, in additive white
Gaussian noise channel, SNR penalty is around 1fodBqual signal level and noise variance[10]tHis
optical system, other impairments contribute addal power penalty.
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Figure 10 Comparison of log BER performance

between OptiSystem and Developed Analyzerfor o.Figure 11. log BER VS/Z\S'\;JIS SNR for 2-PAM and 8-
PAM

4. CONCLUSION

In this paper, the mathematical formula that haanhesed to calculate the threshold value, Q-factor
and bit or symbol error rate based on probabilftgroor method for binary and M-PAM optical systéias
been discussed. Matlab software has used to dettgomultilevel signal analyzer. The performanck®,at
and 8-PAM optical communication system have beelyaad using this developed analyzer. Based on the

BER performance of 2-PAM, the developed analyzeegivalid estimation compared to build in OptiSgste
Analyzer.

ACKNOWLEDGMENT
The authors are very grateful to our Faculty ofcEleal and Electronic Engineering, University Tidassien

Onn Malaysia for its support in completing this jead. This research has been awarded consolatipe ior
Research & Innovation Fest 2011 competition.

REFERENCE

[1] R. Ramaswami and K. N. SivarajaDptical Networks: A Practical Perspectjveénd ed. San Francisco: Morgan
Kaufmann, 2002.

[2] G. P. AgrawalFiber-Optic Communication Systen3sd ed. New York: John Wiley & Sons, 2002.

[3] G. Keiser,Opitical Communications Essentiaew York: McGraw-Hill, 2003

[4] N. Kikuchi, K. Sekine, and S. Sasaki, "Multilevsignalling for High-speed optical transmissioim"Proc. 32nd
European Conf. Optical Communication (ECQ®@annes, France, 2006.

[5] G. A. Mahdiraji, M. K. Abdullah, A. M. MohammagdA. F. Abas, M. Mokhtar, and E. Zahedi, "Duty-ts/division
multiplexing (DCDM),"Optics & Laser Technologyol. 42, pp. 289-295, 2010.

[6] J.Yu and X. Zhou, "Multilevel modulations adéjital coherent detectionOptical Fiber Technologyol. 15, pp.
197-208, 2009.

[7] N. Kikuchi, K. Mandai, K. Sekine, and S. Sasdkncoherent 32-Level Optical Multilevel Signalifiggchnologies,"
Journal of Lightwave Technologyol. 26, pp. 150-157, 2008.

[8] D. Annika, A.-D. Majed Omar, and R. Werner, "@pization of Cost Efficient Multilevel-ASK Modulatio
Formats under the Constraint of Chromatic Dispersiam, Optical Fiber Communication Conferenc®SA
Technical Digest (CD)Optical Society of America, 2010, pp. OMJ7.

[9] E. SackingerBroadband Circuits for Optical Fiber Communicatidti’ ed. New Jersey: John Wiley & Sons, 2005.

[10] F. Xiong,Digital Modulation Technique€™ ed. Norwood: Artech House, 2006.

Multilevel Signal Analyzer Tool for Optical Commeation System (M.F.L Abdullah)



536 O3 ISSN: 2088-8708

BIOGRAPHIES OF AUTHORS

Mohammad Faiz Liew Abdullah received BSc (Hons) in Electrica&ngineering
(Communication) in 1997, Dip Education in 1999 andrd by research in Optical Fiber
Communication in 2000 from University of Technolollalaysia (UTM). He completed his
PhD in August 2007 from The University of Warwididnited Kingdom in Wireless Optical
Communication Engineering. He started his careea &cturer at Polytechnic Seberang Prai
(PSP) in 1999 and was transferred to UTHM in 2@0@nerly known as PLSP). At present he is
an Associate Professor and the Deputy Dean (ResaatcBbevelopment), Faculty of Electrical
& Electronic Engineering, University Tun Hussein rONalaysia (UTHM). He had 10 years
experience of teaching in higher education, whictvoived the subject Optical Fiber
Communication, Advanced Optical Communication, Adesh®igital Signal Processing and
etc. His research area of interest are wirelessoatidal communication, photonics and robotic
in communication.

Rahmat Talib received the BEng in electrical engiingeirom Universiti Kebangsaan Malaysia,
in 1996 and MENng in telecommunication engineeriramf Universiti Teknologi Malaysia in
2004. He is currently working toward his PhD in otfieal engineering at Universiti Tun
Hussein Onn Malaysia. He is a student member oEIBRd Optical Society of America(OSA).
His research interests include optical fibre comiration, multiplexing technique and software
defined radio (SDR).

IJECE Vol. 2, No. 4, August 2012 : 529 — 536



