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“Performance Analysis of Coherent Optical Transmission Systems 

with Different Modulation Schemes” 

 

Abstract 
 

The huge revolution in the communication era needs a high traffic data rate to connect 

the entire world to become as small village, in this growth it is necessary to have an 

optical transmission network capable of providing high data rate speed with a high 

quality and low cost. This thesis will analyzes and demonstrates the performance of 

coherent transmission technology, which considered as the next generation technology 

in optical communication, due to its design and software are dependent, it enhances the 

optical signal quality and efficiency that is required for long haul high data rate 

transmission system. The thesis is structured from the background for optical 

communication and considering the most affective items that serve this  research in 

coherent communication, as well as merging this technology with other multiplexing 

technologies for getting high data rate. 

A special optical communication design software called OptiSystem was used to 

simulate all the proposed scenarios in many stages starting from a single channel optical 

transmission system with different modulation formats for different transmission 

distance from short range to long haul transmission distance. The designed system with 

n-PSK modulation shows better performance for transmission distance. On the other 

hand the system with m-QAM showing best performance with high data rate. 

 And then merging this technology with multiplexing technology such as optical OFDM 

and DWDM. This combination increases the optical transmission data rate and 

transmission distance to around 1000 km, also at this combination we simulate and 

analyze special cases first one for different channel with different data rate a 

performance analysis is done with results show the ability of using this method but with 

considering the high data rate signal requirements in the system design.  
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The second case is a practically full DWDM system 40 lambda with coherent 

technology and without it. The results show a high increasing in the transmitted data 

rate for coherent technology which reach around 4Tbps for the designed system with the 

longest path with acceptable OSNR in the range which is around 16dB with BER 

around 10
-5

 for coherent system. 

 

Candidate 

 

Abdullah Mohammed Saleh Hussein 

Supervisor 

 

Dr. Ali Naji Mousleh Nosary 

Assistant Prof. of Communications Engineering 

Sana'a University  

 

Co-Supervisor 

Prof. Dr. Mohammad Ahmed Mohammad Eissa 

Professor of Computer and Control Engineering 

University of Science and Technology 

 

 

 

October, 2018AD Sana'a Safar, 1440AH 

 

 



 

 ذ 

 انجًهىرٌح انًٍٍُح

 جايعح انعهىو وانتكُىنىجٍا

 عًادج انذراساخ انعهٍا وانثحث انعهًً

 

 

 

ِضبػفخ رمغ١ُ اٌزشدد اٌّزؼبِذ ٚثؼذ رٌه رُ دِح رم١ٕخ اٌزشاعً اٌضٛئٟ اٌّزّبعه ِغ رم١ٕخ 

ٕظبَ ِغ ٔٛػ١ٓ ِٓ اٌزض١ّٓ ٚاظٙش إٌظبَ ٚرّذ دساعخ اٌ ١ٌCO-OFDMظجر إٌظبَ 

ٚرٌه ٌّمبِٚخ إٌظبَ ٌٍزذاخً فٟ الإشبسح اٌّشعٍخ،  km 1000وفبءح ػب١ٌخ ٌّٚغبفٗ ردبٚصد 

ٌٚض٠بدح اٌغؼٗ اٌى١ٍخ ٌٍٕظبَ رُ دِح اٌزم١ٕخ اٌغبثمخ ِغ ٔظبَ رد١ّغ ثبعزخذاَ اٌزمغ١ُ ٌٍطٛي 

د ٌٚؼذح ِغبفبد ٚثسغت اٌزظ١ُّ ٕٚ٘ب رّذ دساعخ أداء إٌظبَ ٌؼذح لٕٛا WDMاٌّٛخٟ 

ػب١ٌخ ٚٔظشا لاخزلاف إٌزبئح ثسغت اٌزظ١ُّ  خداء ِزؼذد ٌلأٔظّخ ٚثغؼبد رشاع١ٍاظٙش أ

ٌٍٕظبَ اٌزشاعٍٟ اٌّغزخذَ، فمذ رُ ػًّ دساعخ ػٍٝ ٔظبَ ٌشجىخ رشاعً ػبٍِخ فٟ اٌسمً ٚرُ 

اٌؼبٍِخ ز١ث رُ اخزجبس  رطج١ك ع١ٕبس٠ٛ٘بد ِخزٍفخ ٚرٌه اعزٕبدا اٌٝ اعزٕزبخبد ِطٍٛثخ ٌٍشجىخ

ٔظبَ ٘د١ٓ ِىْٛ ِٓ ػذح لٕٛاد رشاع١ٍٗ ٚثغؼبد رشاع١ٍٗ ِخزٍفخ ِسٍّٗ ػٍٝ ٔفظ إٌظبَ 

10G, 40G and 100G  ٚأثجزذ اٌذساعخ إِىب١ٔخ اسعبي ث١بٔبد ِخزٍفخ اٌغشػبد ػٍٝ ٔفظ

 إٌظبَ اٌزشاعٍٟ ِؼب ٌٚىٓ ثششط اٌزم١١ذ ثبٌزظ١ُّ لأػٍٝ عشػخ ث١بٔبد.

٠ٛ اٌثبٟٔ لّٕب ثبخزجبس اٌشجىخ ِسٍّٗ ثؼذد أسثؼ١ٓ لٕبٖ رشاع١ٍٗ ٚرٌه ثزطج١ك إٌظبَ ٚفٟ اٌغ١ٕبس

ػٍٝ ِغبفبد رشاع١ٍٗ ِخزٍفخ زغت اٌشجىخ اٌؼبٍِخ فٟ اٌسمً ٚثبخزجبس اٌزم١ٕخ ثبعزخذاَ إٌظبَ 

ٚأ٠ضب ثبعزخذاَ رم١ٕخ اٌزشاعً اٌّزّبعىخ  Non Coherent Systemاٌزشاعٍٟ اٌؼبدٞ 

Coherent System  ٚأثجزذ اٌشجىخ أداء افضً ثبعزخذاَ رم١ٕخ اٌزشاعً اٌّزّبعىخ ز١ث

 حٌٍمٕب OSNRٚلألظٝ ِغبفخ رظ١ُّ فٟ اٌشجىخ ٚثم١ّخ  4Tbpsردبٚصد عشػخ ٔمً اٌج١بٔبد 

10.زٛاٌٝ  dB ٚBER 16زٛاٌٟ 
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 "تحهٍم أداء أَظًح انتراسم انضىئً انًتًاسكح تتقٍُاخ تضًٍٍ يختهفح"

ًُهخص  ان

ْ اٌزطٛس اٌىج١ش فٟ أٔظّخ الارظبلاد ٠زطٍت عشػخ ث١بٔبد ػب١ٌخ ٌٍشثظ ث١ٓ ِظبدس إ

اٌّؼٍِٛبد ٚاٌّغزخذ١ِٓ، ٚفٟ ظً ٘زا الاصد٘بس أطجر ِٓ اٌضشٚسٞ ٚخٛد رم١ٕبد رشاعً 

ضٛئٟ زذ٠ثٗ ٚرٚ عشػخ ث١بٔبد ػب١ٌخ ٚثألً اٌزىب١ٌف ٌزٍج١خ ٘زا اٌطٍت اٌّزضا٠ذ ػٍٝ ٔمً 

شح ظٙشد ِدّٛػخ ِٓ اٌزم١ٕبد اٌسذ٠ثخ ٚاٌزٟ رؼزجش ثّثبثخ اٌد١ً اٌدذ٠ذ اٌج١بٔبد ٚفٟ ٘زٖ اٌفز

ٚاٌزٟ رشثظ  Long haul Transmission لأٔظّخ اٌزشاعً اٌضٛئٟ راد اٌّذٜ اٌجؼ١ذ  

لبساد اٌؼبٌُ ومش٠ٗ طغ١شٖ ِٚٓ ضّٓ ٘زٖ اٌزم١ٕبد رم١ٕخ اٌزشاعً اٌضٛئٟ اٌّزّبعىخ 

Coherent Optical Transmission System  َٚاٌزٞ رؼزّذ ثشىً وج١ش ػٍٝ إٌظب

ثس١ث ٠سغٓ ِٓ خٛدح الإشبسح  DSPاٌجشِدٟ ٚاٌزٞ ٠غزخذَ اٌّؼبٌدخ اٌشل١ّخ ٌلإشبسح 

ٚوفبئزٙب ٠ٚزٕبعت ِغ أٔظّخ اٌزشاعً راد اٌغؼبد اٌؼب١ٌخ ٠ٚجذٚ ٘زا ٚاضسب ػٕذ دِح ٘زٖ 

٠زُ اٌزغٍت ػٍٝ ػذد  ٚاٌزٟ ِٓ خلاٌٙب OFDMِضبػفخ رمغ١ُ اٌزشدد اٌّزؼبِذ اٌزم١ٕخ ِغ رم١ٕخ 

 ِٓ اٌؼ١ٛة فٟ أٔظّخ اٌزشاعً اٌضٛئٟ.

فٟ ٘زا اٌجسث عٕمَٛ ثذساعخ رس١ٍ١ٍٗ ٌّؼشفخ إِىب١ٔخ ص٠بدح عشػخ الارظبلاد اٌضٛئ١خ 

ٚاٌطشق اٌّّىٕخ ٚرٌه ػٓ طش٠ك رس١ًٍ الأداء ٌؼذد ِٓ الأٔظّخ ٚأ٠ضب دِدٙب ثزشى١ً ٔظبَ 

ٕمً عشػخ اٌج١بٔبد اٌؼب١ٌخ فٟ أٔظّخ اٌزشاعً ٘د١ٓ ٠سزٛٞ ػٍٝ ا١ٌّّضاد الأفضً ٚإٌّبعجخ ٌ

اٌضٛئٟ، ٚاٌذساعخ اٌؼ١ٍّخ ٌٍّٛضٛع رّذ ػٓ طش٠ك دساعخ أٔظّخ اٌزشاعً راد اٌغؼبد 

ٌّٛخٛدٖ ف١ٙب ِٚٓ ثُ رّذ رظ١ُّ إٌظبَ ػٓ طش٠ك اٌزشاع١ٍٗ اٌؼب١ٌخ ٚاٌؼ١ٛة ٚاٌّشبوً ا

ٚأ٠ضب اٌشثظ  OptiSystem Version 14 and 15ثشٔبِح ِسبوبح أٔظّخ اٌزشاعً اٌضٛئٟ 

ٌجؼض اٌغ١ٕبس٠ٛ٘بد، ز١ث رّذ اٌذساعخ  Matlab version 14ِغ ثشٔبِح اٌّسبوبح ِبرلاة 

أٚلا ٌمٕبٖ رشاع١ٍٗ ٚازذٖ ٚثؼذد ِٓ أٔٛاع اٌزض١ّٓ ٌّٚغبفبد رشاع١ٍٗ ِخزٍفخ ػٍٝ ػذح ِشازً 

ٌٕظبَ ٚاٌزٞ ِٓ اٌّذٜ اٌمش٠ت اٌٝ اٌّذٜ اٌجؼ١ذ ز١ث رُ اػزّبد ػذد ِٓ اٌّؼب١٠ش ٌذساعخ ا

ع١مبط ػ١ٍٙب أداء ٔظبَ اٌزشاعً اٌضٛئٟ ِٕٚٙب ٔغجخ الإشبسح اٌضٛئ١خ اٌٝ إشبسح اٌضد١ح 

OSNR  ٚأ٠ضب ٔغجخ اٌخطبء فٟ الإشبسح اٌٛاطٍخBER  ٚخٛدح الإشبسح اٌٛاطٍخ

Received signal  ٕٓٚ٘ب اثجذ ٔظبَ اٌزشاعً اٌضٛئٟ اٌّزّبعه ثبعزخذاَ رم١ٕخ اٌزض١ّn-

PSK طٛي ِغبفٗ رشاع١ٍٗ ٌٚىٓ و١ّخ ث١بٔبد الً ٚفٟ اٌدبٔت الاخش اثجذ ٔظبَ افضً خٛدٖ لأ

 افضً أداء ٌغشػخ اٌج١بٔبد اٌؼب١ٌخ. m-QAMاٌزشاعً ثبعزخذاَ رم١ٕخ اٌزض١ّٓ 
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