
. زٛث ذى ذقسٛى انعًم انٗ خزئٍٛٛ, ذضًٍ اندزء الأل انسصٕل عهٗ يٕدٚم نًُظٕيح زًاٚح ذضًُد ْزِ انذساسح دساسح َظشٚح ٔعًهٛح نًُظٕيح زًاٚح كاثٕدٚح

قذًٚح( يغًٕسج تانًاء كاثٕدٚح تاسرخذاو انرٛاس انقسش٘ ٔانرسكى فّٛ. يٍ خلال َصة يُظٕيح زًاٚح كاثٕدٚح يصغشج يخرثشٚح نقطعح اَثٕب فٕلارٚح عاسٚح )خذٚذج ٔ

ح, دسخح انسشاسج, ٔعايم انرٕٓٚح نهًسهٕل عهٗ ذٛاس انسًاٚح انكاثٕدٚح ٛهصًٛاِ انطثٛعٛح يثم انًٕرٙ ذؤثش عهٗ ْٛكم يعذَٙ يغًٕس تانانًانر. ترغٛٛش تعض انعٕايم ان

ب نقطعح أَثٕب قذٚى اكثش يُّ ح انًطهٕٔدساسرّ. اثثرد انُرائح انعًهٛح اٌ ذٛاس انسًاٚح انكاثٕدٚح ٚزداد تزٚادج أ٘ يٍ انعٕايم اعلاِ نهًسهٕل ٔٚكٌٕ ذٛاس انسًاٚح انكاثٕدٚ

س انقسش٘ تٕاسطح ذقُٛح لأَثٕب خذٚذ. ٔانُرائح انعًهٛح انًسرسصهح عهٗ َفس انًُٕرج انًخرثش٘ ذى اسرخذيٓا نثُاء يٕدٚم نًُظٕيح زًاٚح كاثٕدٚح تاسرخذاو انرٛا

( ANFISاٚح انكاثٕدٚح. اثثرد ذقُٛح انًركٛٛف انعصثٙ_انًضثة )( ٚرُثأ ترٛاس انسMatLabً( تاسرخذاو تشَايح انًاذلاب )ANFISانًركٛٛف انعصثٙ_انًضثة )

(. عهٗ ضٕء انًٕدٚم انز٘ ذى انسصٕل MatLabفعانٛرٓا فٙ ذسذٚذ انًٕدٚم نًُظٕيح انسًاٚح انكاثٕدٚح تاسرخذاو انرٛاس انقسش٘ ٔسٕٓنح ذطثٛقٓا يع تشَايح انًاذلاب )

ضثظ خٓذ الاَثٕب عُذ انًقذاس انًشغٕب فّٛ. ٔقذ اسرخذيد اثٍُٛ يٍ ذقُٛاخ انرسكى, انًرسكًاخ انرقهٛذ٘ ٔانًُطقٙ عهّٛ ذى تُاء يرسكًاخ نًُظٕيح انسًاٚح انكاثٕدٚح ن

٘. نكٍ انرسكى نقسشس اتانرٛاكاثٕدٚح سًاٚح خ فٙ يُظٕياج نسٛطشاعهٗ دسج قاخ نًرسكًاانُٕعٍٛ يٍ اكلا ج اٌ سرُرااذى انًضثة. اعرًاداً عهٗ انُرائح انًسرسصهح 

قد ٔنٗ ج آَا ذسراازٛث خ انرقهٛذٚح نًرسكًااَح يع ستانًقاٌ افضم نًضثة كاانًرسكى او انرسكى تاسرخذخذا. ٔأيا اقٛق دذٕنٛف خذاو انًرسكًاخ انرقهٛذ٘ ذرطهة تاسر

ُظٕيح انسًاٚح انكاثٕدٚح انًخرثش٘. زٛث ذى اس. ايا اندزء انثاَٙ فقذ ذضًٍ ذصًٛى ٔ تُاء انًرسكى ٔانًشاقثح عًهٛاً عهٗ َفس ًَٕرج يلاسرقشانٗ زانح ل اقم نهٕصٕا

دٚح. تًُٛا يشزهح انرسكى اقرشاذ ذصًٛى ٚركٌٕ يٍ يشزهرٍٛ قذسج ٔذسكى. يشزهح انقذسج يرًثهح ذصًٛى ٔتُاء يسٕل خافض ٚذفع انرٛاس انقسش٘ نًُظٕيح انسًاٚح انكاثٕ

قٛق نرُظٛى فٕنرٛح الاخشاج نًسٕل انخافض ٔيشاقثح يُظٕيح انسًاٚح انكاثٕدٚح يٍ خلال خًع ذرًثم تثُاء ذسكى تسٛظ ٔيرسكى ذقهٛذ٘.ٔذى اسرخذو الاسدُٕٔٚ كًرسكى ذذ

قطة انًشخع كرغزٚح عكسٛح انثٛاَاخ انًرًثهح تفٕنرٛح الاَثٕب عٍ طشٚق انقطة انًشخع )قطة انكانٕيٛم انًشثع( ٔ فٕنرٛح ٔذٛاس انًسٕل انخافض.ٔاسرخذيد فٕنرٛح ان

م انًشغٕتح ٔانفعهٛح يٍ خلال ذغٛٛش عٕايم انٕسظ انكٓشتائٙ نهًسهٕل انًهسٙ. اثثرد انُرائح انعًهٛح تاٌ انًرسكًاخ انثسٛظ ٔانرقهٛذ٘ سٓنسساب انخطأ تٍٛ انقًٛح 

لاسرقشاس ٔ انرزتزب زٕل نح اتُاءِ عًهٛاً نًُظٕيح انسًاٚح انكاثٕدٚح تاسرخذاو انرٛاس انقسش٘. ٔكزنك ذى يلازظح انرسكى انثسٛظ ٚسراج انٗ ٔقد اطٕل نهٕصٕل انٗ زا

 اس انقسش٘ عًهٛاً.انقٛى انًشغٕتح. تًُٛا انًرسكًاخ انرقهٛذٚح ْٕ أفضم ٔاقٕٖ ٔأسٓم تانًقاسَح يع انًرسكى انثسٛظ نًُظٕيح زًاٚح كاثٕدٚح تاسرخذاو انرٛ
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The present study deals with the theoretical and experimental studies for the cathodic protection (CP) system. The present work 

may divide into two parts: The first part deals with the identification and the control of an impressed current cathodic protection 

system (ICCP). The installation of a prototype ICCP for submerged carbon steel bare pipe segment (new and old one) which is 
immersed in the saltwater solution are designed and implemented. The change of several variables affecting submerged metallic 

structure in natural water, such as conductivity, temperature, and aeration flow rate on the cathodic protection current are 

studied. The experimental results show that the cathodic protection current increase for increasing any variables of the saltwater 

solution. And the cathodic protection current required for the old pipe greater than the new pipe segment for protection. The 

data is obtaining from experimental ICCP system model applied on the same prototype, used to build the identification model 

of the ICCP system by using an Adaptive Neuro-Fuzzy Inference System (ANFIS) technique using MATLAB R2015a program 

to predict cathodic protection current. An ANFIS has proven to be efficient in identification model of ICCP system, and easy 

with MatLab program to obtained equivalent model. Then the ANFIS was used to identify the system and obtain a model to 

build a controller for the cathodic protection current of CP system to set pipeline potential at desired level. Here we used two 

control techniques, PID, and Fuzzy controllers. Based on the MatLab Simulink results, a conclusion had been made that both of 

the control methods were capable of controlling the CP system. But, it was observed that the PID controller required very fine 

tuning of its parameters, but fuzzy controller gave response better than the conventional one and took less time to track 

reference voltage than PID controller. In the second part, the design and the implementation of the practical controller and 

monitoring for the same prototype ICCP system. The proposed design consists of two stages, the power, and control. The power 

stage represents the design and building the DC/DC buck converter driven impressed current of CP system. While, the control 

stage has been implemented using simple control, and PID controller. The Arduino is used as a microcontroller to regulate the 

output voltage of the buck converter and to monitor the CP system via a data acquisition such as pipe's voltage by the reference 

electrode, output voltage and current of the buck converter. The reference electrode voltage has been used as a closed-loop 

feedback to determine the error between the desired value and the actual value by changing the reference electrodes, and the 

electrolyte conditions of the saltwater solution. From the experimental results showed that the simple control and the PID 

controller are easily implemented practically for  ICCP system. But observed that the time of the return system to the protection 

range is large, and oscillate around the desired values for simple controller, while the PID controller has the best behavior at  

different coefficient values with respect to the first one. Therefore, the PID controller has a good response,  robust and simple 

for the ICCP system. 

Thesis title: Microcontroller Based Cathodic Protection System 
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