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СРАВНЕНИЕ АКТУАЛЬНЫХ ЛИНЕЕК ПРОЦЕССОРОВ 

Минибаев Виль Русланович, 

Игнащенко Александр Владимирович, 

студенты, Горный университет, г. Санкт-Петербург 

АННОТАЦИЯ 

Данная статья представляет собой полное сравнение линеек процессоров для профессиональных 

задач, игр и мобильных процессоров в различных стресс-тестах. Также рассмотрена коммерческая 

часть, в том числе целесообразность покупки в данный момент времени. 

Ключевые слова: Intel Core Rocket Lake; Zen 3; Сравнение актуальных процессоров; 

Процессоры для монтажа и рендеринга; Apple M1. 

COMPARISON OF CURRENT PROCESSOR LINES 

Minibaev V.R., 

Ignashchenko A. V., 

Students, Mining University, Saint-Petersburg 

ABSTRACT 

This paper is a complete comparison of processor lines for professional tasks, games, and mobile 

processors in various stress tests. The commercial part is also considered, including the feasibility of buying at 

a given time. 

Keywords: Intel Core Rocket Lake; Zen 3; Comparison of current processors; Processors for montage 

and rendering; Apple M1. 

Уже много поколений кардинальным отличием семейства процессоров AMD Ryzen 

и Intel Core является количество кристаллов и шина памяти. Двухкристальная архитектура 

Zen позволяет расположить больше ядер и потоков на одном процессоре, вследствие чего 

вырастает количество выполняемых операций в секунду - FLOPS. Однако уже много по-

колений архитектуры “Lake” позволяет использовать высокую частоту оперативной памя-

ти с довольно низкими временами циклов. Например, вышедшие в 2019 году G.Skill 

Trident Z Royal, которые могут работать вплоть до 4400Мгц. Это позволяет добиться ми-

нимальных задержек между процессором и оперативной памятью, что сказывается на ко-

личестве кадров в секунду в играх – FPS (frame per second) или в программах, где упор 

идет на одно или несколько ядер. 

Если брать профессиональные задачи, такие как монтаж кино или сборка серверной 

на производстве, выбирают процессоры сокета Intel LGA 2066 или AMD TR-4/TRX-4, од-

нако стоимость самого процессора и материнской платы под такой сокет сильно завыше-

на. Энергопотребление и тепловыделение очень высоко в сравнении с другими процессо-

рами, поэтому необходимо грамотно подбирать блок питания и охлаждение. 

Для сравнения были  отобраны наиболее производительные процессоры разных со-

кетов, хорошо подходящие для профессиональных задач. 
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*Условия проведения тестов могут отличаться от других 

**Округленные цены процессора, материнской платы и ddr4 памяти 32гб для Санкт-Петербурга на 5.04.2021 

Cinebench Release 20 и Geekbench 5 были выбраны как основные показатели скоро-

сти рендеринга и 3D моделирования. 

LGA 2066 и TR4-X конечно довольно не молодые платформы, но они до сих пор 

продолжают поддерживаться, новые Threadripper также имеют низкий техпроцесс. Исходя 

из “сухих” тестов отличным выбором для видеомонтажа и 3D моделирования подойдет 

Ryzen 9 5950x, который имеет хорошую производительность за адекватную цену. Однако 

если располагает бюджет, “топовым” решением будет Threadripper 3970x или же 

Threadripper PRO (3995WX, 3975WX, 3955WX), стоимостью более 300 тыс. рублей и 

имеющий TDP 280 Вт, из-за чего будет необходимо установить крайне эффективное жид-

костное охлаждение. Стоит также отметить, что high-end процессоры почти не поддаются 

разгону, поэтому тесты приведены с базовыми частотами процессоров.  

Однако массовому потребителю вряд ли пригодиться такая вычислительная мощ-

ность, поэтому они идут на компромисс между довольно высокой производительности и 

адекватной цены. В сравнение можно взять наиболее популярные на сегодняшний день 

процессоры и новые со схожей ценой  и производительностью,  такие как:  Intel Core I5 

10400K, AMD Ryzen 5600X, Intel Core I5 11400K. 

Из тестов сложно сказать какой процессор наиболее оптимален, однако I5 11600K 

вышел на новом сокете, что в будущем при апгрейде позволит сэкономить на покупке ма-

теринской платы, так как уже к 2022-2023 Intel сможет наладить производство чипов с бо-
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лее низким техпроцессом. Отсюда следует вывод о целесообразности  выхода материн-

ских плат с поддержкой DDR5 памяти. Хотя в ближайшее время  они  вряд ли появиться, 

да и сами тесты памяти показывают, что технология еще не готова. 

*Без учета повышения напряжения на процессор 

**Округленные цены процессора, материнской платы и ddr4 3200 памяти 16гб для Санкт-Петербурга на 

5.04.2021 

***Ryzen 5 5600X почти не поддается разгону, поэтому бессмысленно приводить такой тест. 

 

Рисунок 1 – Сравнительная характеристика процессоров 
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Если говорить о ноутбуках, то можно отметить, что довольно продолжительное вре-

мя, а именно с 2000х до 2017-2018 лидерами были Intel, однако в 2018 вышел Ryzen 3 

2200GE с довольно революционной встроенной графикой. Это дало старт появлению лег-

ких тонких высокопроизводительных ноутбуков за счет меньшего тепловыделения на базе 

процессоров AMD. Сейчас же вышел MacBook от Apple, с собственным процессором Ap-

ple M1, который имеет большой потенциал и в графике.  

Еще одним преимуществом Apple M1 является его энергоэффективность из-за револю-

ционного 5 нм техпроцесса, это позволяет добиться рекордных показателей автономности. 

 

Рисунок 2 – Сравнительная характеристика  производительности моделей 

Стоит сказать, что появление M1 никак не скажется на рынке мобильных процессо-

ров, так как Apple не будет продавать свои процессоры другим производителям ноутбу-

ков, поэтому не стоит ждать какого-то “ответа” от AMD и Intel в мобильном сегменте. 
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АННОТАЦИЯ 

Использование добавок на основе молочных сывороточных белков позволяет улучшить вкус, 

увеличить питательную ценность вареных колбас. Мясные продукты, обогащенные  КСБ (концентрат 

сывороточный белковый), обладают уникальной биологической и пищевой ценностью. Включение 

таких продуктов в рацион способствует повышению защитных функций организма и его устойчивости 

к неблагоприятным воздействиям. 

Ключевые слова: функциональная добавка «Мастермикс 43», молочные сывороточные белки, 

колбаса, органолептические показатели.  

EFFECT OF THE FUNCTIONAL ADDITIVE ON THE ORGANOLEPTIC 

PARAMETERS OF COOKED SAUSAGES 
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Klychkova M.V., 

PhD of Biological Sciences, Associate Professor of Orenburg State University, Orenburg  

Romanko М.D.,  
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ABSTRACT 

The use of additives based on milk whey proteins allows you to improve the taste, increase the 

nutritional value of cooked sausages. Meat products enriched with CSB (whey protein concentrate) have a 

unique biological and nutritional value. The inclusion of such products in the diet helps to increase the 

protective functions of the body and its resistance to adverse effects.  

Keywords: functional supplement "Mastermix 43"; milk whey proteins; sausage; organoleptic 

parameters. 
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В настоящее время учеными и специалистами разрабатываются рецептуры вареных 

колбасных изделий, потребление которых позволяет исключить дефицит в физиологиче-

ски функциональных ингредиентах в результате комбинирования компонентов рецептуры 

и введения биологически активных добавок растительного происхождения. 

Одним из эффективных путей решения проблемы, нормализации пищевого статуса 

человека, является потребление продуктов питания функционального назначения, содер-

жащих сбалансированный комплекс физиологически ценных ингредиентов. Учитывая, 

что вареные колбасы пользуются высоким спросом у потребителя, представляет интерес 

создание вареных колбас, обогащенных биологически активными добавками растительно-

го и животного происхождения, содержащими комплекс физиологически функциональ-

ных ингредиентов. 

Основная цель использования добавок – улучшение консистенции и  вкусовых 

свойств, частичная замена мясного сырья, снижение калорийности, улучшение физико-

химических показателей.  Можно формировать свойства фарша, придавая продукту функ-

циональную направленность. В настоящее время продукты переработки молока стали ши-

роко использоваться, так как улучшают органолептические показатели, незначительно 

изменяют химический состав, повышают пищевую ценность продукта. Для проведения 

исследований была составлена схема (рисунок 1).  

Вареная колбаса «Молочная», с использованием добавки «Мастермикс 43» являлась 

объектом наших исследований. Производитель компания Аромадон, одна из крупнейших 

российских производителей пищевых ингредиентов, специй  и их смесей.  В состав ком-

плексной пищевой добавки входят:  молочные и сывороточные белки, желирующие аген-

ты (Е407, Е508), загуститель (Е425). Гидратация молочного белка 1:10.  

 

Рисунок 1 – Схема исследования 

В качестве объектов  извлекающийся  исследований были выбраны: синхронизация  

 ---- -----колбаса вареная «Молочная» обиравший вырабатываемая по классической  опушить                технологии ГОСТ 

23670- 2019; 
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 колбаса вареная «Молочная» с добавкой «Мастермикс 43нна » с  дозировкой 10 г на 

1 кг сырья нанизывавший              (образец 1); 

 колбаса вареная «Молочная» с добавкой «Мастермикс 43на » с дозировкой 20 г на 

1 кг сырья нанизывавший      (образец 2); 

 комплексная пищевая добавка вымолвить «Мастермикс 43 опирание ».  

Пищевая добавка «Мастермикс 43» выпускается фирмой «Аромадон» -  это крупный 

российский производитель пищевых ингредиентов, специй, смесей специй, занимающий 

видное место в ряду наиболее известных представителей отрасли. Характеристика: мо-

лочный белок с гидратацией 1:5, желирующие агенты (Е407,Е508), загуститель (Е425). 

Продукт/готовое изделие: ветчины, колбасы варено-копченые, колбасы вареные, колбасы 

полу-копченые, сосиски, сардельки и шпикачки. Проблемы и задачи: увеличение выхода, 

улучшить консистенцию. Условия хранения: хранить в сухих складских помещениях при 

температуре воздуха не выше 25°C и влажности воздуха не более 80%; использовать в те-

чение 12 месяцев от указанной даты изготовления. 

Выработку опытных образцов производили по классической технологии и рецептуре 

представленной в таблице 1. 

Исследуемые образцы были подвергнуты органолептической, физико-химической и 

микробиологической оценке. 

Органолептическую оценку качества колбасных изделий проводили по следующим 

показателям: внешний вид, вид на разрезе, цвет, консистенция, запах и вкус (таблица 2).  

В ходе испытаний было выявлено, что и образец № 1 (с дозой внесения 10 г на 1 кг 

сырья) имеют лучшие органолептические показатели (более плотная консистенция и хо-

рошая кусаемость,  слегка выраженный молочный привкус). 

В результате проведенных физико-химических исследований, было выявлено, что 

при внесении добавки «Мастермикс 43» массовая доля жира снизилась на 0,4%,  а массо-

вая доля белка увеличилась на 1,7%, по сравнению с вареной колбасой «Молочная», со 
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схожей рецептурой. Микробиологические показатели соответствуют нормативно-

технической документации. 

Молоко и молочные продукты отличаются от других продуктов питания тем, что в их 

составе представлены все необходимые для организма человека веществ в оптимально сба-

лансированном состоянии. Особое значение имеют молочные белки. В колбасном производ-

стве применение молочных белков и препаратов на их основе  увеличивает объемы производ-

ства, ввиду хороших функционально-технологических свойств и экономической выгоды. 

В результате исследований, можно сделать следующие выводы, что применение до-

бавки «Мастермикс 43» повышает пищевую и энергетическую ценность вареной колбасы, 

за счет содержания молочного и сывороточного белков, происходит улучшение вкусовых 

показателей продукта и его функциональных свойств. 
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АННОТАЦИЯ 

Сама гидрология включает в себя все системы знаний, связанных с водой, и относится к области 

науки. В процессе развития гидрологии，была глубоко изучена многими экспертами и учеными. Вода 

тесно связана с выживанием человека. Укрепление понимания и обобщения гидрологии может не 

только укрепить правильное понимание гидрологии, но также прояснить направление будущего 

развития гидрологии, тем самым способствуя постоянному расширению области гидрологических 

исследований. В этой статье будет описано текущее развитие гидрологии и объяснены тенденции 

будущего развития, в надежде усилить углубленное изучение гидрологии, чтобы с научной точки 

зрения признать и дать определение гидрологии. 

Ключевые слова: гидрология, глобальное изменение, статус-кво. 
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ABSTRACT 

Hydrology itself includes all knowledge systems related to water and belongs to the field of science. In 

the development of hydrology, it has been deeply studied by many experts and scholars. Water is closely 

related to human survival. Strengthening the understanding and summary of hydrology can not only strengthen 

the correct understanding of hydrology, but also clarify the future development direction of hydrology, thereby 

promoting the continuous expansion of the field of hydrology research. This article describes the development 

status of hydrology, and explains its future trends, you can expect to strengthen in-depth study of the 

hydrology, thus hydrology scientific knowledge and scientific definitions. 

Keywords: hydrology; global change; status quo. 

Введение 

Усиление внимания к современному положению дел в гидрологии позволит всесто-

ронне понять теорию гидрологии, а также провести научное исследование процесса ее со-

здания и развития. До 20 века гидрология в основном анализировала и обобщала взаимо-

связь между гидрологическими измерениями и циркуляцией, формировала полную гидро-

логическую систему посредством индукции. В конце 20 века многие эксперты и ученые 

начали проводить исследования по гидрологическому переносу и технологии гидрологи-

ческого моделирования. Благодаря разумной индукции и разделения международных гид-

рологических методов исследования, область гидрологических исследований в Китае так-

же постоянно расширяется [1, 2]. 

Текущее состояние гидрологии 

В международной гидрологической деятельности, гидрологические исследования 

обычно проводят в сочетании со многими странами. Исследование ЮНЕСКО по гидроло-

гии в основном включает в себя следующие этапы. Прежде всего, в нем подчеркивается 

расширенное значение гидрологии. На данном этапе в основном изучено использование и 

охрана водных ресурсов, углубляющее наше понимание взаимосвязи между водой и при-

родой на основе данных исследований. В то же время можно также изучать водные ресур-

сы и водные проблемы в различных регионах. Это может быть использовано для укрепле-

ния рационального и научного управления водными ресурсами. Затем ЮНЕСКО присту-
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пила к изучению рационального освоения и защиты водных ресурсов в изменяющейся 

окружающей среде. И наконец, ЮНЕСКО приступила к изучению взаимосвязи между 

гидрологией и экологией, надеясь улучшить экологическую среду с помощью соответ-

ствующих исследований, чтобы проводить научное управление водными ресурсами. 

В настоящее время в основном изучается гидрологический цикл, гидрологическая 

модель бассейна, глобальные изменения, эксплуатация водохранилищ, водные проблемы 

и так далее. ЮНЕСКО и многие страны также активно укрепляют исследования по этим 

аспектам. Возьмем, к примеру, гидрологический цикл. Гидрологический цикл включает в 

себя осадки, эвапотранспирацию, слияние и т. д. В то же время будет изучаться атмосфер-

ный процесс гидрологического цикла. Можно благодаря данным исследованиям, усилить 

вопросы освоения и охраны водных ресурсов. В то же время, изучая вопросы гидрологи-

ческих исследований, можно обнаружить, что многие темы исследований, связанные с 

гидрологией, все еще не имеют преимуществ по сравнению с развитыми странами, но они 

обладают уникальными познаниями в исследованиях специальных областей. Сфера от-

раслевых гидрологических наук в нашей стране также расширяется, что свидетельствует о 

том, что гидрологические исследования вступили в новый период развития, а гидрологи-

ческие исследования также начали выходить на новый этап развития. 

Будущая тенденция развития гидрологии 

Непрерывное развитие гидрологии постепенно расширило области ее исследований, 

и проблемы постепенно приобрели комплексные характеристики. 

В то же время в процессе исследований возникнет множество неизвестных и неопре-

деленных проблем, что не только затруднит гидрологические исследования, но и откроет 

новые возможности для развития гидрологии. Многие эксперты и ученые начали активно 

изучать неопределенность гидрологических явления. Более того, специалисты и ученые 

начали проводить систематические исследования в области гидрологии. Например, совре-

менная гидрология будет проводить всесторонние исследования дисциплин, связанных с 

водой, надеясь понять взаимосвязь между водой и различными видами экологии посред-

ством исследований, укрепит прогнозы будущей экологической среды. Гидрологические 

исследования направлены на улучшение качества жизни человека и помогают людям ре-

шить проблемы, связанные с водой, в реальной жизни. Например, наши ученые активно 

изучают глобальное изменение климата и усиливают меры по предотвращению бедствий, 

таких как наводнения, засухи и заболачивание. В то же время требуется использовать ин-

формационные технологии для развития гидрологических исследований. Например, посто-

янно совершенствуются технологии гидрологического отслеживания с помощью запусков 

спутников. Это может укрепить всестороннее понимание информации, относящейся к гид-

рологическому циклу, а также способствовать развитию цифровой гидрологии на основе 

глубокого понимания сложность гидрологии и понятия законов ее развития. 

Заключение 

Гидрология включает в себя не только гидрологические знания, но и определенную 

историю, которая будет изучать весь процесс развития и исследовательский процесс гид-

рологической науки. Хотя вода имеет важное значение для жизни, существует немного 

экспертов и ученых, связанных с гидрологией. Поэтому необходимо развивать подготовку 

молодых специалистов в данной области, не только для укрепления всестороннего пони-

мания гидрологических знаний, но и для усиления рационального развития сельского хо-

зяйства, ирригации, борьбы с наводнениями и т. д. В то же время, путем усиления гидро-

логических исследований, можно также улучшить повторное использование водных ре-

сурсов, тем самым способствуя развитию экологической гидрологии. 
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ABSTRACT 

Computing model based on high-velocity internet is a new paradigm for virtual services delivery and 

consumption. Cloud encompasses infrastructure, software, platform, and other computing resources using 

network. Cloud computing is a combination of two words: computing and cloud. Cloud refers to a vast network 

like the Internet where the lay user is unaware of the backstage and what is happening after. In the graphs of 

computer networks, the cloud is used to show the Internet network. The reason for using the Internet 

infrastructure in the cloud is that the technical details of the internet are hidden to the users creating a layer of 

abstraction between these technical details and the users. In spite of the great development of cloud computing, 

no standard and agreed definition of it and its relationship with grid computing has been presented so far. Among 

the problems of resource sharing in mobile cloud computing is the scheduling of tasks in these cloud networks, 

directly associated with efficiency and output. Scheduling has to be optimized so that tasks can be executed in a 

balanced way on the servers to reach this goal, which is why the basics of biological algorithms are examined. 

Keywords: сloud computing; information technology; resource sharing; biological algorithm. 

Introduction 

Cloud computing is a model to provide easy access - based on user demand through the 

network - to a range of customizable and configurable computing resources (networks, servers, 

storage space, applications, and services) that can be accessed and provided promptly or released 

with minimal resource management or the need for direct intervention by the service provider. 

This cloud computing model is composed of five main features, three service models, and four 

deployment models [1]. 

Some studies have been conducted in this regard. Mishra et al. [2] concluded that resource 

sharing is critical for maintaining different devices and data centers. Kumar et al. [3] used ant 

colony algorithm. The results indicated enhancement in results compared to other methods, with 

finding the optimal path in a shorter time stated as its advantages and getting caught in the local 

optimality as its disadvantages. Goudarzi et al. [4] examined different methods for stabilizing 

and managing resources and controlling power in data centers. Their results indicated that the 

proposed algorithm is 20% efficient in energy saving, with recursive acting as one of its disad-

vantages. Ankita et al. [5]. 

Theoretical foundations  

Cloud computing 

Cloud computing is completely dependent on the Internet, and all applications and files are 

on the cloud and online. Cloud computing supports parallel and distributed concepts and shares 

resources (hardware, software, and information) between users according to demand. In return, 

the users have to pay for the resources used. Thus, the clients do not need to purchase an operat-
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ing system or software and can use the Internet to access the resources and software needed at a 

given time and only pay for the time spent on using it. 

History of cloud computing 

We first take look at the evolution of computing systems from the beginning to be able to 

identify its position among other systems in the attempt to better understand computing from an 

infrastructure view. If we consider mainframes as the first generation of computing systems, we 

would face a very large system where the users could access through a single terminal. The sys-

tems became smaller with the pass of time and became available to all users as PCs with more 

processing power. Then, it was possible to connect a set of these smaller network systems with 

higher processing power to meet the needs of the larger and heavier processing needs [6]. Thus, 

many of these networks were privately connected across the Internet, creating a network of com-

puting [6]. However, there were still many other resources in organizations and Internet centers 

whose full capacity had not been fully exploited. These resources could not be used exclusively 

in the grid system computing network because they had other defined tasks. Moreover, they 

could not be used on a voluntary basis because their existential philosophy was commercial.  

 

Figure 1 – Architecture presented by the National Institute of Standards and Technology [7] 

Cloud components 

A cloud system has three main elements, client, data center, and distributed servers, each 

of which has a specific goal and acts in a specific role [8]. 

1. Clients 

End users interact with the client and manage the relevance and dependency of information 

in the cloud. Clients are generally divided into three categories [9]. 

A) Mobile: This type of clients usually uses the type of smartphone like iPhone and so on. 

B) Thin clients: This class of clients cannot perform computational tasks and just display 

information and the servers perform the tasks of this category and clients have no internal 

memory. 

C) Thick clients: The clients in this class are mostly Internet browsers used to communi-

cate with the cloud such as Google Chrome, Mozilla, and Internet Explorer. 
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Figure 2 – Cloud computing components [8] 

2. Data center 

A data center is a set of host servers with various applications. End-users connect to the da-

ta center to explain their different needs, and the data center can contain many clients from dif-

ferent distances as well. The concept of virtualization is nowadays used in software installation 

to allow us to have multiple examples of using virtual servers [9]. 

3. Distributed servers 

Distributed server is a part of the cloud that can be said to operate various applications of 

Internet hosts, but using these applications in the cloud is such that the user does not realize this 

and assumes that everything is happening on his own computer. 

Mobile cloud computing 

Mobile cloud computing has enabled users to connect to the Internet anytime and any-

where and meet their needs. This has resulted in a drastic increase in the growth of using this 

technology with the general public turning to use it.  

Applications of mobile cloud computing 

1. Mobile commerce: Mobile commerce is a model of business in some disciplines used 

in activities like sending messages and information files, financial transactions, purchase, and so 

on. This form of application is associated with bandwidth constraints, sophisticated device con-

figuration, and security. 

2. Mobile training: This application is designed according to e-learning and system mo-

bility. Programs and systems designed in the old way had many limitations like network com-

munication velocity and memory storage, which were solved using mobile cloud training. 

3. Mobile health care: The use of this network in medical applications minimized the lim-

itations of traditional therapies; pharmaceutical errors, limited data storage, and security are 

among them. 

4. Mobile banking: Mobile or SMS banking is applicable for some banking and payment 

activities via mobile phone and tablet. However, most of these are currently done online, but 

they can also be run through specific software. 

5. Mobile gaming and entertainment: This approach is used for games with heavy com-

puting that perform bulk operations via motors and cloud resources and only display it via mo-

bile device screens that reduce power and battery consumption. 

Metaheuristic algorithms 

Internet 

Data center 

Clients 
Distributed services 
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Metaheuristic algorithms are a type of exact algorithm used to find the optimal solution. Opti-

mization methods and algorithms are divided into two categories: exact and approximate algorithms 

[11]. Exact algorithms can find the optimal solution accurately but are not efficient on hard optimiza-

tion problems and exponentially solve them. Approximate algorithms can find good (near-optimal) 

solutions in a short time for hard optimization problems. The approximate algorithms are divided 

into three categories of heuristic, metaheuristic, and hyper-heuristic algorithms.  

Evolutionary algorithms 

Genetic Algorithm 

The steps and general structure of GA can be described as follows [12]: 

1. Start: A random population of chromosomes is created. 

2. Competence: The competence value of each chromosome is evaluated in the population. 

3. New population: A new population is created by repeating steps until the new popula-

tion is complete. 

4. Replacement: The newly generated population replaces the previous population to repeat 

the algorithm. 

5. Experiment: If we reach the end of the algorithm, it stops and the best solution is re-

turned to the current population. 

6. Loop: We return to the second step. 

 

Figure 3 – GA Outline [12] 

At each stage, GA uses a population to generate a generation after three basic operations [12]: 

1. Selection: In this operation, a number of chromosomes are selected from each popula-

tion for selection by the next generation of parents, which is obviously more likely to be the case 

for the chromosomes that are most optimal. 
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2. Synthesis: In this process, by combining two parent chromosomes, one or more child 

chromosomes are produced. Thus, for example, by stochastic selection of the genes and switch-

ing genes thereafter, two new chromosomes can be reached between two parent chromosomes. 

3. Mutation: A new chromosome can be obtained by stochastic changing one or more 

genes from one parent chromosome. 

Ant colony optimization (ACO) algorithm 

At moment zero, the ants search in different cities. The initial values of Tij (0) for the in-

tensity sequence are set to the edge (i, j). The first element of any ant ban list is to sit in the city 

as its own starting city. Hence, K number of ants moves from city i to city j with a probability, 

which is defined as follows: 

𝑃𝑖𝑗
𝑘(𝑡)

=
[ 𝜏𝑖𝑗(𝑡)  ]𝛼 [𝜂 𝑖𝑗(𝑡)]𝛽

∑ [ 𝜏𝑖𝑗(𝑡)  ]𝛼 [𝜂 𝑖𝑗(𝑡)]𝛽
𝑘 ∈𝑎𝑙𝑙𝑜𝑤𝑒𝑑 𝐾

          (1) 

Allowed location is: Prohibitions - N 

The bans are equal to: The list of bans of the k-th ant 

τij (t) is the value of pheromone on the edge i, j 

η ij equals I / dij 

Location dij equals to the interval from node i to j 

α and β are two parameters that control the relative weight of the pheromone effect. Ulti-

mately, the most optimal and effective path is selected and globally updated. 

 

Figure 4 – ACO algorithm flowchart 

BAT algorithm 

1. Create the initial population of bats xi. 

2. For each i bat, create velocity vi, frequency fi at xi, the pulse rate ri and the loudness Ai. 

3. Set t = 1. 

4. Compare situations and find the optimal solution. 
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5. Create new temporary positions by adjusting the frequency and updating the velocity 

of all bats. 

6. If 𝑟𝑎𝑛𝑑 > 𝑟𝑖, then randomly pick one of the best solutions and create a local solution 

around the best solution using Equation 4-4. 

7. Create a new solution. 

8. If rand <Ai and 𝑓(𝑥𝑖) < 𝑓(𝑥∗), then accept the new solutions and increase ri and de-

crease Ai according to Equation 4-5. 

9. Arrange the bats and find the best solution x*. 

10. Stop the algorithm if t reaches its maximum value. 

Particle Swarm Optimization (PSO)  

PSO is a social search algorithm modeled on the social behavior of bird flocks. Initially, 

this algorithm was used to discover the models that govern the simultaneous flight of birds and 

to change their path abruptly and optimally deform the bunch. In PSO, particles flow through the 

search space. The particles change of location in the search space is affected by the experience 

and knowledge of themselves and their neighbors. Thus, the position of the other particle swarm 

affects how one particle searches. The result of modeling this social behavior is the search pro-

cess where the particles turn to successful areas. The particles learn from each other and move on 

to the best of their neighbors based on the knowledge gained. The base of this algorithm opera-

tion is the principle that each particle has its own place in the search space according to the best 

location it has ever been and the best location of its entire neighborhood. 

 

Figure 5 – Flowchart of PSO Algorithm 

Following table represents the complexity of these algorithms: 
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Conclusion 

Accordingly, metaheuristic algorithms are advanced and general search strategies propos-

ing steps and criteria that are very effective in avoiding local optimum traps. The key element 

factor in these approaches is the dynamic balance between diversification and power-building 

strategies. Diversification refers to extensive search in the solution space, and powering means 

taking advantage of the experiences gained in the search process and focusing on the more prom-

ising areas of the solution space. Thus, by creating a dynamic balance between these two strate-

gies, on the one hand, the search is directed towards areas of solution space with better solutions, 

and on the other hand, avoids wasting time in the part of the solution space that previously exam-

ined or had inferior solutions. 

Optimization algorithms and stochastic and evolutionary searches are new and various ap-

proaches especially used to find optimal global solutions to problems. The stochastic nature of 

these algorithms prevents them from getting stuck at optimal local points. The main focus is usu-

ally on obtaining global optimal solutions in practical optimization problems like engineering 

designs, organization management, and economic systems. Many of these algorithms are 

inspired by biological systems. 
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ABSTRACT 

Because of lack of accuracy in analytical methods in order to analyze the friction forces in this study the 

new parameter has been defined is sort of friction coefficient but the way of calculating this parameter has a 

subtle differences. Also it could show practical problems while operation. In addition, “ellipse of friction 

coefficient” as new concept has been proposed. 

After modifying the friction coefficient in calculation, the results of hookload and torque tend to close 

to real data. For instant error percentage of hookload while POOH in depth 2640 meter (after KOP), decrease 

from 3.19% to 1.41% and while RIH decrease from 4.3% to 0.41%. In bottomhole for both POOH and RIH 

error percentage decrease from 6.71% to 0.54% and from 6.34% to 0.48%, respectively. Error percentage for 

torque while drilling have higher amounts of error compare to POOH and RIH operations, although after 

modification of results the percentage tend to decrease. 

“The friction coefficient index (FCI)” plot would be the accurate indicator for some unpredictable 

problems while operations. Furthermore, various mud logging data and, would be another way for analyzing data. 

Keywords: friction force; analytical model; friction coefficient index (FCI). 

Introduction 
Nowadays the number of directional well have been increased, even though the Inclination 

of this wells is on the increase. Studying and analyzing the friction forces between surfaces are 

the most important factors that could have effect on drilling and well design. By modeling and 

optimizing the effective forces, it would culminate in most optimized well design.  
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One of the main flaw of “3 dimensional analytical method” is the lack of ability to antici-

pate the operational and practical problems. Another lack of accuracy in this method is assump-

tion of constant friction coefficient for all well depth.  

In this study the new parameter called “Friction Coefficient Index” is kind of indicator so 

as to predict the operational and practical problems. In this study, the equations of circle or el-

lipse for straight and curved sections have been rewritten, and “the ellipse of friction coefficient” 

has result for both straight and curved sections. This ellipse actually show the relation between 

both axial and rotational friction coefficients. 

Literature review  

In this section we are going to take a look at previous study about the excessive incremen-

tal forces in different directions, torque and drag. 

Johancsik et al. (1984) derived the analytical solution for simulation of torque and drag 

while operation. In this method all the length of drillstring is separated into segments and for 

each segment torque and drag calculation is done and add to next segment. 

Sheppard et al. (1987) modified the Johancsik equation with the mud pressure that act up-

wardly when drillstring move into hole. This correction actually impose by rewrite the equation 

into differential form. The term of effective tension had been replaced by Sheppard instead of 

true tension. 

Aadnoy and Andersen (1998 & 2001) succeeded in offering an analytical method so as to 

planning the wellbore profile, modeling and prediction opposing forces. In this method the well 

path is divided into separate parts and calculations have done from bottom to up for each segment. 

Aadnoy et al. (2010) published new approach model called Fully 3 dimensional analytical 

method which derived a new method for calculating dogleg and dogleg severity in two and three 

dimensional profiles. In this model all the operation such as: POOH, RIH, Combined Motion etc. 

is satisfied. 

Mirhaj et al. (2010) investigated the pipe sticking problem which is known as remarkable 

limitation in ERW. They studied the operational problems such as: poor hole cleaning, differen-

tial sticking and increase in dogleg severity and their effect on simulation and modeling the ex-

cessive forces. 

Theory 

In this study in order to investigate about different force distribution in various direction, 

fully 3D analytical method has been used. The resultant force of axial and rotational elements, 

whether they have constant or different changes, respectively related to straight and curved sec-

tion, the circle and the ellipse of movement will be resulted (figure 1). This phenomenon is 

known as “Capstan effect”.  

 

Figure 1 – Resultants of axial and rotational forces 
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Eventually all the related equations for different cases have been developed by Aadnoy et 

al. which have shown in table 1. Furthermore, the equations of circle and ellipse of motion and 

their resultants have shown in table 2. 

According to above equation in table 2, the relation between friction coefficients for both 

trajectories will be an ellipse as has shown in figure 2. 

 

Figure 2 – “Ellipse of friction coefficient” 

 

 

  

 

As shown below in figure 3, the process of calculation are summarized as two flowcharts, 

the first one is the calculation based on friction coefficients index calculation. The second one is 

based in constant friction coefficient. 
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Figure 3 – Flow charts of calculation the torque and drag, with and without modification 

Note that Visual Basic Application (VBA) is used in this study in order to model the analyt-

ical method. 

Case study 

In this study three kind of operations which are POOH, RIH and Drilling, will be reviewed. 

Pulling out of hole (POOH) 

In this section the axial forces is going to investigate while tripping out the equipment in 

3002 to surface interval. The modeling results and real data in this interval for tripping out are 

shown as figure 4, red and blue lines.  

 

Figure 4 – Comparison of results before and after friction coefficient modification 
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As it is shown in figure 4, the soft string model especially for higher diameter equipment 

or higher grade such as BHA, could be a compelling reason for discrepancy at the bottom of the 

hole. Therefore according to figure 5 analytical method won’t have enough accuracy in curved 

section while tripping out. The abnormalities in the hookload plot for this section could stem 

from the length BHA that lies on curved section and the dogleg severity of build-up section. 

 

Figure 5 – Different positions of BHA 

By implementation of friction coefficient, in order to close the results of modeling to real 

data, with respect to figure 4, the green line, will be resulted. 

Calculation which are so similar to back calculation, but the difference is that the next ini-

tial assumption for friction coefficient is based on our understanding of problems and the equa-

tions. As mentioned according the operation (POOH, RIH or Drilling), the friction coefficients 

amount intentionally are manipulated so that data are closed together. This new parameter is 

called friction coefficient index (FCI), figure 6.  

 

Figure 6 – “Friction coefficient index” (FCI) - POOH 
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Figure 6 could be as an indicator in order to recognize the unpredictable operational prob-

lems, where the amounts are deviated to both sides, is shown a discrepancy between results of 

modeling and real data. The negative amount are shown the real data are less than results of 

modeling and vice versa. 

Running in the hole (RIH) 

This operation is the running the drill string into the hole from surface to 3000 meter with 

0.22 and 0.25 friction coefficients for cased hole and borehole respectively. By implementation 

of friction coefficient, the results of modeling is closed to real data as shown in figure 7. 

 

Figure 7 – Results of hookload - RIH 

FCI for different intervals has been shown in figure 8. 

 

Figure 8 – “Friction coefficient index” (FCI) - RIH 

When the weight of drill string are not held by slips (certain amount hookload are record-

ed), the flow rate has the high amount and finally the rotational speed of drill string have reason-
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able amount. In this condition it can be conclude the reaming operation is going on (points 1, 2 

and 3 in figure 9). 

 
Figure 9 – The RIH operation interpretation 

According to figure 9 some specific depths are shown by downward vectors. In these 

depths it can describe a condition that weight on hook has minimum amount. Even though it fol-

lows by certain amount of flow rate. All these condition occur while bit depth is constant (weight 

of equipment are held by slips), reaming and back reaming and trajectory, cause two abnormality 

in begin and end of operation as shown in figure 9. 

Drilling 

Axial movement 

After drilling out
1
 the cement layer up to 2995.5 meter and installation of shoe, drilling the 

sandstone and limestone formation from 3002 meter to 3176.3 has been started. First off just like 

POOH and RIH, the initial modelling results in comparison with real data had discrepancy. By 

implementation of friction factor, the modelling torque will be closed to real data with maximum 

error 1000 lb.ft as figure 10. 

 
Figure 10 – Results of hookload - drilling 

                                                           
1
 Drill Out: the operation of drilling the cement in well 
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FCI for different intervals has been shown in figure 11. 

 

Figure 11 –  “Friction coefficient index” (FCI) – Drilling with axial movement 

In the depth which the method cannot be able to predict sudden decrease and increase in 

real data that is stemmed from shaly formations. 

By the time the shale particles are settled in well bottom and layers of shale are coated the 

bit which call bit balling. If there is not efficient hole cleaning, the rate of penetration will be de-

crease. Furthermore poor hole cleaning cause high back torque in surface and increase in stand 

pipe pressure because of nozzle blockage (figure 12).  

 

Figure 12 –  The Drilling operation interpretation 

Rotational movement 

Similar to the axial movement of drilling operation, the initial modelling results in compar-

ison with real data had discrepancy. So in order to close the results of analytical torque to real 

one, some changes have been imposed in friction factors for different depth, just like previous 

pattern, as shown in figure 13. 
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Figure 13 – Results of Toque - Drilling 

Friction coefficients which are resulted after imposing changes for different depths has 

been shown as Friction coefficients index in figure 14. 

 

Figure 14 – “Friction coefficient index” (FCI) – Drilling with rotational movement 

With respect to “Capstan effect” which had been explained in previous sections, figure 15 

will be resulted which show the “ellipse of friction coefficient” in practical case. 

 

Figure 15 – Capstan Effect and FCI for drilling operation 
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Figure 16: The “Error percentage” between results While POOH 

Table 4: Summary of typical amount (sign) of friction Coefficient Index-FCI for different operation 

All things consider, for different operation such as POOH, RIH and Drilling the amount of 

FCI should behave as table 3. 

  

 

The error percentage would plot before and after the modification of results. As shown in 

figure 16 and figure 17 for POOH and RIH respectively. 

 

Figure 16 – The “Error percentage” between results while POOH 

 

Figure 17 – The “Error percentage” between results while RIH 
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The error percentage before and after for hookload while POOH, RIH and also error per-

centage of torque have been collected in table 4 and table 5 as below.  

 

 

As shown in figure 18 all the results of percentage of error in both POOH and RIH opera-

tions decrease after modifying of friction coefficient in calculation:  

 

Figure 18 – The “Percentage Error” between results for POOH and RIH operations before and after 

modifying of friction coefficient 
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Limitation of calculation procedure 

There are some simplified assumptions in order to streamline the process such as: 

 Appling the uniform drillstring without any joints and extra equipment. In real there 

are various joints, subs, valves etc. which could affected on the final drillstring weight 

 Using low quality hydraulic fluid in sensator
1
 could be the source of inaccuracy. If the 

sensator fluid do not have good quality, the force that exerted from hookload to sensator do not 

properly exert to weight indicator. In this way the hookload will not acceptable. 

Result 

 In POOH because of simplified assumption of “Soft string model” for drillstring, 

while BHA passed through wellbore especially in curved section, because of the stiffness of 

drillstring in real case unreliable results had been recorded. 

 While RIH operations such as reaming/back reaming, fluid circulation in different RPM, 

GPM, finally caused two abnormalities in real data which analytical method could not predict. 

 In directional section, the error percentage between modeling and real data at the start 

of POOH (3000 meter) decreased from 6.71% to 0.54% and at the end of RIH (3000 meter) in-

crease from 6.34% to 0.48%. This error percentages around KOP respectively for POOH an RIH 

decrease from 3.19% to 1.41% and 4.3% to 0.41%. 

 The error percentage for torque results in interval depth of reservoir while drilling at 

depth of 3022 meter decreased from 11.91% to 9.27%, at 3056 meter decreased from 22.23% to 

13.78% and at 3124 meter from 56.28% to 6.53%. 

Conclusion 

 “FCI” was the indicator which was showed as an important parameter to analyze the 

operations. This parameter could be the first step which told us what we looking for. 

 Based on “ellipse of friction coefficient” type of drillstring movement, would change 

the friction force distribution. It means a little change in each one could result change in other 

one which it could affect the final friction coefficient (change the axial or rotational loads). 

 Based on high error percentage for torque calculations, one of the mathematical aspect 

which brought about inaccuracy was lack of “Bit Torque” calculation in modeling. Software 

based on finite element such as ABAQUS or ANSYS would be profitable in bit torque simula-

tion. 

 

 
                                                           
1
 Sensator: an equipment which contain hydraulic fluid in order to transfer the tension from hookload to weight indi-

cator 
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ABSTRACT 

The gas and petrochemical industries, due to their numerous and inclusive dangers and risks, have been 

always the center of attention of safety and environmental experts and specialists. The current study has aimed 

at the evaluation of the facilities and assets of the refineries in phases 17-18 of Asaluyeh. The research method 

was descriptive-analytical, and for evaluation of the research question in weighing and valuing the research 

criteria, L. Saaty Analytical Network Process and multi-criteria models (hierarchical analysis) have been used. 

Based on the obtained results, it was revealed that the gas and oil’s facilities criterion with a weight of 0.667 

has achieved the highest score, with the office-servicing facilities being second to it with a score of 0.33. 

Keywords: facilities and assets; hierarchical analysis; refinery. 

Introduction 

During the few last decades, the outbreak of horrible accidents such as the Bhopal Disaster 

in India, Chernobyl in Ukraine, Felix Borough in England, and Seveso in Italy, have grabbed the 
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attention of all to the chemical industries and the different risks arising from them, consequently 

increasing the necessity of the systematic analysis of the safety of different processes in the 

chemical industries (Eskandari et al., 2015, 9). 

Since the oil, gas, and petrochemical products` storage tanks are among the basic and cru-

cial infrastructures, this industry has been always the center of attention of the experts and spe-

cialists in the field of safety and environment (Bashiri Nasab, 2009, 1-11). The operational units 

deal with high pressure and temperature in the gas refineries, thus there is always the possibility 

of accidents (Josie et al., 2013, 1-13). At the time of war and bombardment of the cities, the 

functional system of the infrastructures is damaged in a very short time (Hakim Panah, 2009, 

103). These facilities are created and exploited with high costs, and damaging them would lead 

to the stoppage in production and providing services to the citizens, and subsequently, to the 

economic and social loss. Today, more than two-third of the threats are focused upon the vital 

infrastructure and arteries, and the important role of these arteries in the urban crisis comprehen-

sive management and the close tie between these networks on the one hand, and their economic 

value on the other hand, has led to paying especial attention to them (Lee et al., 2007, 29). There-

fore, defending the vital infrastructure of each society is among the decisive presuppositions of 

the survival of that society. Passive defense in the vital arteries is among the measures protecting 

such centers against intentional man-made threats. Evaluation of the vulnerability and the risk of 

vital arteries, as well as the observance of the passive defense principles is the only guarantor of 

saving these places against the threats.  

Risk evaluation is a logical method for the evaluation of the dangers, which deals with the 

identification of the threats and their potential consequences on the people, materials, equipment, 

and the environment. In fact, through this method, highly valuable data for decision-making in 

the fields of decreasing the dangers` risk, improvement of the environment in the proximity of 

the dangerous facilities, planning for the emergencies, acceptable risk level, inspection policies, 

and maintenance of the industrial facilities, are provided (Nivolianition, 2000). Risk evaluation 

can be done qualitatively and quantitatively. The quantitative evaluation is focused on the risk 

factors and preventive measures, done to control, obviate, or prevent the risks. In this regard, a 

scientific approach is needed for decision-making, costs` justification, prevention and reduction 

of the risk, and the necessity of risk quick control plans. Thus, the current study was aimed at the 

evaluation of the facilities` construction projects in the refineries based on the passive defense 

approach. The research question was that how is the risk evaluation of the assets of phases 17-18 

in Southern Pars done, based on the potential man-made threats? 

Review of Literature 

Ataee, in a study (2014) dealt with the evaluation of the key assets in the airport, evalua-

tion of the airport-related threats, and its vulnerability (Ataee, 2014, 22). Wang et al., (2003) 

showed in a study that the use of an insulating layer on the interior and exterior walls of the res-

ervoir design decreases the potential vulnerability of them during the earthquakes (Wang et al., 

2003, 110). 

Chung et al. (2011) dealt with studying the accidents related to the restoration tanks in the 

industrial facilities during the last 40 years. Their results showed that 74% of the accidents have 

occurred in the oil refineries, oil terminals, and restoration tanks (Chung et al., 2011, 51). 

Millazzo and Maschio in 2008, conducted a study in Italy which more dealt with the transporta-

tion of dangerous materials (Millazzo and Maschio, 2008, 37). Catalin and Cioaca (2013) in a 

study dealt with the investigation of the threats` possibility in the airport, especially in the termi-

nals, and provided solutions for neutralizing or reducing the effects of terrorist threats on the 

terminals (Cioaca, 2013, 82).  
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Methodology 

The current study was of analytical-evaluative type. In order to investigate the research 

question in the weighing and valuing the research criteria, L. Saaty’s Network Analysis method 

has been used. For the validation of the results, firstly the assets, threats, and vulnerability evalu-

ation indicators are weighed. In order to weight the indicators after designing the questionnaire, 

the distribution and collection of the results was done by the use of the Analytic Hierarchy Pro-

cess (AHP) in the Expert Choice software, and the results were extracted.  
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Findings 

In order to do the risk evaluation of the infrastructure in the phases 17-18 in this chapter, 

the macro-objectives of the project have been used. In this regard, the following indicators have 

been considered for this step. 

 

 

 
 

 

 

Desulphurisation and aeration unit 

 

 

 

Methane, Ethan, Propane and Bhutan separation and cooling unit  



ТЕХНИЧЕСКИЕ НАУКИ 
  
 

38 | ФУНДАМЕНТАЛЬНЫЕ И ПРИКЛАДНЫЕ ИССЛЕДОВАНИЯ В СОВРЕМЕННОМ МИРЕ 

 

In the second phase, after the recognition and formation of the tree structure of the analytic 

hierarchy, the two components of office-servicing facilities and the gas and oil facilities were 

input into the Expert Choice to form the paired matrix. Its stages have been elaborated in the fol-

lowings. As the first step, the formation of hierarchical structure of the related subject has been 

dealt with. 

At this stage of the analytic hierarchy model, the formation of inter-criteria paired matrix 

has been dealt with. Based on the obtained results, it was revealed that the oil and gas facilities` 

criterion with a weight of 0.667 has achieved the highest score and second to it was placed the 

office-servicing facilities with a weight of 0.33. The weighting coefficients of the criteria have 

been presented as follows: 

 

Chart 1 – Determination of the criteria’s weighting coefficients 

At this stage of the model, the determination of weighting coefficients of the sub-criteria 

has been dealt with, and the sub-criteria of each criterion have been compared in pairs. The re-

sults indicated that the “office buildings” sub-criterion with the weight of 0.66 was the most 

weighted and the “firefighting unit” sub-criterion with the weight of 0.33 was ranked second.  

 

Chart 2 – Determination of the office-servicing sub-criterion’s weighting coefficients 

The results obtained from determination of weighting coefficient of the oil and gas sub-

criteria indicated that the “liquid gas” sub-criterion with the weight of 0.24 was the most 

weighted and the “Butane tanks” sub-criterion was placed second to it with a weight of 0.22.  

 

Chart 3 – Determination of the of oil and gas sub-criterion’s weighting coefficients 

After the determination of the criteria and sub-criteria weighting coefficients, the determi-

nation of the options weighting was dealt with. At this stage, the priority of each of the options in 

relation to each of the sub-criteria has been put under judgement. The basis for this judgement 

was the same 9-quantity scale of L. Saaty, with the difference that in comparison of the options 

in relation to each sub-criterion (or the criteria accordingly), the priority of the options has been 
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considered and not their importance. It should be noted that at this stage, the final score of the 

options has been obtained from the combination of the criteria/sub-criteria importance and the 

priority of the options over the sub-criteria. 

The results obtained from analytic hierarchy model indicated that the functional value with 

a score of 0.525 has ranked first among the other options. The second rank belonged to the re-

placement value with a score of 0.27, and finally, the economic value has had a score of 0.2. The 

following chart shows the matrix of the final score of assets` value indicators. 

 

Chart 4 – determination of the options weighting coefficients 

Conclusion 

The results of risk evaluation for the refinery of Southern Pars’ 17-18 phases indicated that 

the gas and oil’s facilities criterion with a weight of 0.667 has achieved the highest score, with 

the office-servicing facilities being second to it with a score of 0.33. 
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ABSTRACT 

Nowadays, one of the networks able to make a good status for itself is the internet of things (IoT). IoT is 

a network of objects able to be used in various environments. The network has RFID tags that collect 

information and send it to the main processor. One of the significant uses of IoT is in cities, public places, and 

parking spaces. The paper presented a new IoT-based approach in parking space that can manage parking 

space with high precision. The proposed method is based on clustering and analysis of the previous data. The 

proposed method was simulated in MATLAB and compared with the other two methods, indicating that the 

proposed method performed better. Criteria like runtime, precision, recall, and so on were used in assessing the 

proposed method. 

Keywords: IoT; smart parking; smart city. 

1. Introduction 

Conceptually, IoT technology means a network of entities and objects in the real world, 

each of which has a unique address and communicates with each other according to standard 

communication protocols. 

The architecture of IoT technology consists of four layers - sensors, networks and gate-

ways, management services and applications - each of which has its own components and inter-

acts with other layers to meet the IoT-related needs for the users [1]. 

IBM Traffic Forecasting Toolkit is a segment of urban smart traffic solution that tries to 

solve the increasing problem of vehicles. Another application of IoT is to find a parking place for 

objects. In a questionnaire given to the drivers, IBM found that 60% of them had stopped look-

ing or a parking place at least once in the past year and 25% had arguments about parking with 

other drivers. With installation of some sensors in the parking spaces, smart parking package 

makes the drivers aware of empty parking spaces or alerts a police officer that a driver has been 

in the park for a longer time. Sensors can change parking costs according to instant information 

and demand [2]. 

2. Literature  

This section reviews several papers examining our field and briefly explains each. In paper 

[3], RFID system is used to identify heavy traffic locations. In this approach, which works based 

on the distributed method, every information tag is sent to the main server. Network data sensor 

is used to find the vacancy, each of which has a sensor. 

Each floor entry and exit control system is used to find an empty parking space in the park-

ing lot in the approach presented in [4]. In this method, there is a tag at the entrance of each floor 

that calculates the number of entries and exits and shows the number of vacancies at the entrance 

according to this information. This method is based on clustering, where some tags are placed in 

one cluster and the cluster head (CH) recognized the empty places in public parking lots. 

A scheduling algorithm is used to find the empty space in the method proposed in paper 

[5]. In this approach, the rfid tags send information to the main server after each space is emp-

tied. The following table compares the previous approaches. 
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3. Introducing training datasets 

The dataset in this paper consists of two sets: the first set for the vehicles that intend to 

park in the parking lot, which is seen in the figure below. 

 

 

   

   

    

    

    

The second set relates to the parking space, which is a multi-floor parking lot as is seen in 

the figure below 
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3.1. Evaluation criteria 

The following criteria will be used to evaluate the proposed method. 

Accuracy: This criterion shows how many of the suggested locations are correct and the 

location is not already occupied. This criterion is obtained from the following equation: 

ACC = T / T + F 

In this equation, T is right and F is wrong suggestions 

3.2. The compared methods 

The following two methods will be used for comparison. 

In the method proposed for finding the empty parking space in the parking lot, each floor 

entry and exit control system has been used. In this approach, there is a tag at the entrance of 

each floor that calculates the number of entry and exit and according to this information, shows 

the number of vacancies in the entrance. In this approach, the main criterion for locating is the 

number of vehicles and it always acts to ensure that the vehicles of each class are equal. 

The approach in paper [6], which uses RFID system for locating, proposes places closer to 

the exit. In this method, first, the places close to the exit door are filled and then the farther ones. 

4. Using the database 

We have proposed a method based on controllers that consists of several parts as described 

below to improve reliability and to reduce latency in a smart parking lot. 

• Our proposed method is based on RFID. 

• Static and distributed controllers are used 

In the proposed architecture, there is a tag for each parking lot. These tags are responsible 

for reporting the parking status. Each tag sends the following information to the processor. 

• Parking space being empty or full 

• Number of empty or full hours of the parking lot 

• The busiest hour of parking per day 

Moreover, there are several distributed controllers in the network along a centralized con-

troller, which is responsible for controlling the distributed controllers. The shape of the proposed 

architecture can be seen in Figure 3.1. 

 

Figure 4.1: The proposed architecture 
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4.1. Procedure 

The dataset in this paper consists of two sets; the first set is for the vehicles. 

 

   

   

    

    

    

The second set has to do with the parking lot, which is a multi-floor parking lot, as is seen 

in the figure below. 

 

 
 

   
 

 

    

     

     

     

5.3. Comparison methods 

The two methods below are used for comparison. 

In the method proposed in [6], the entry and exit control system of each floor is used to 

find the empty parking space where there is a tag at the entrance of each floor and calculates the 

number of entrances and exits. 

In the paper method, which uses RFID system for locating, it suggests places closest to the 

exit. In this method, first, the places close to the outlet are filled and then the farther places. 

5.4. Runtime 

In this scenario, the runtime of the program and extraction of the results have been evaluat-

ed and the less the runtime, the higher the algorithm quality will be. 

The simulation results in Figure 5.2 indicate that the proposed method has less runtime 
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Figure 5.1 – Runtime with varying number of parking spaces 

 

Figure 5.2 – Runtime with varying number of vehicles 

5.5: Recall criteria 

This criterion shows the precision and the proposed method is as follows: 

Equation (5.1) 

𝑟𝑒𝑐𝑎𝑙𝑙 =
𝑡𝑝

𝑡𝑝 + 𝑓𝑛
 

In this equation, tp is the number of vehicles parked in the right place, and fn is the 

number of vehicles not selected by mistake. 
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Figure 5.3 – Recall criterion with varying number of parking spaces 

 

Figure 5.5 – Recall criterion with varying number of vehicles 

Figure 5.4 indicates the recall criterion for the varying number of vehicles. In this diagram, 

as the number of vehicles increased each time, the recall result decreased. 

5-6: Precision criteria 

This criterion indicates the precision of the output and shows how much the output of the 

proposed method can be trusted that is calculated using Equation 5.2. 

Equation (5.2) 

precicion =
𝑡𝑝

𝑡𝑝 + 𝑡𝑛
 

In this equation, tn is the number of rules mistakenly selected as the answer. 
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Figure 5.5 – Precision criterion with varying number of parking spaces 

 

Figure 5.6 – Precision criterion with varying number of vehicles 

In this criterion, the proposed method improved by an average of 0.7% and the reason the 

charts are downward is that the number of vehicles is increasing at each step. 

5.7: F-MESURE Criteria 

This criterion is calculated according to the previous two criteria based on the Equation 5.3. 

Equation (5.3) 

 
In the following two figures, the value of this criterion is seen for the two stated scenarios. 

In the first scenario, the number of vehicles is constant and the number of parking spaces in-

creases at each step. Thus, each runtime is seen in the following figure. 
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Figure 5.7 – F-MEASURE criterion with varying number of parking spaces 

 

Figure 5.8 – F-MEASURE criterion with variable number of vehicles 

In Figure 5.8, the proposed method has performed better and managed to offer vehicles 

parking spaces with fewer mistakes that have dropped with an increase in the number of vehi-

cles.  

6. Conclusion 

IoT, conceptually, means a network of real-world entities and objects with each having a 

unique address and interact with each other according to standard communication protocols. 

The architecture of IoT technology consists of four layers - sensors, networks and gateways, 

management services and applications - that interact with other layers to meet the needs. 

The quality and duration of operations within smart parking lots depend on factors like de-

signing the parking building, the number of floors, the number of parking spaces per floor, the 

type and speed of the retrieval device used, servicing strategy, and the amount of input demand 

to the system. One of the methods used to allocate empty parking space to the incoming vehicle 

and to deliver the vehicle to the drivers requesting exit from the parking lot is the sequence based 

allocation and retrieval method, which is a method for allocating goods in a store with an auto-

mated storage and recycling method. The allocated model that they have developed to character-

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

50 100 150 200 250 300

PARKING 

F-measure 

new petti amer

0

0,5

1

200 250 300 350 400 450

CAR 

F-measure 

new petti amer



ТЕХНИЧЕСКИЕ НАУКИ 
  
 

48 | ФУНДАМЕНТАЛЬНЫЕ И ПРИКЛАДНЫЕ ИССЛЕДОВАНИЯ В СОВРЕМЕННОМ МИРЕ 

ize the order of entry and exit of goods, was used for smart parking design in this study. In this 

paper, we suggested a new approach in smart parking based on IoT.  
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ABSTRACT 

On the Internet of Things (IoT),wireless sensors collect data and monitor the environment, and they use 

batteries and usually it is not possible to replace their batteries,so their lifetime is limited. Therefore, reducing 

the energy consumption of sensors used on the Internet of Things to increase network lifetime is one of the 

challenges which is essential.In this study, clustering method and selection of cluster header node based on the 

maximum of remaining energy will use, and also by using quick sleep scheduling and deep sleep method, the 

whole time that sensors are awake and the energy consumption will be decreased. The proposed method had 

38 % increase in remaining energy, and also 38 % increase for the death of the last node, than the comparable 

method due to the use of deep sleep mechanism. 

Keywords: internet of things; wireless sensors; clustering; sleep scheduling.  

1. Introduction  

The internet of things has different usage and by developing the technology it is going to 

be more accessible.It has been used to control things and monitored and analysed different data 

and environment. The Internet of Things consists of three components: Sensor, Stimulus, and 

Communication Devices [1]. 

Due to the increasing need for dynamism and the use of facilities such as cell phones, lap-

tops and etc.,it is necessary to use wireless sensors on this devices.Moreover, by using wireless 

sensors applications can have access to data at any time [10]. 

In this article, a scalable, distributed, and consumption-saving algorithm is proposed based 

on the policy of high dynamic period, as well as on the basis of deep and quick sleep scheduling. 
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By using deep sleep scheduling and by taking the nodes into deep sleep and waking them up on-

ly when needed, they are prevented from useless listening and their lifetime will increase. 

The creation of dynamic period was used as it was performed at the beginning of each 

clustering period and the period was preceded according to a certain amount of length.This 

method eliminated the overhead due to re-clustering during periods [2]. 

By combining dynamic periods and adding quick and deep sleep scheduling, the energy of 

nodes have been save and increase the lifetime of wireless sensor networks used in the Internet 

of Things. 

2. A Review of Previous Studies 

On the Internet of Things, the goal is to establish a communication between human and ob-

jects. They can be used to control different things in the environment such as level of brightness, 

heat or cold [11]. Even they can be used for controlling the conditions required to grow a tree in 

a garden or checking the conditions of an animal. Internet of Things can be used to control the 

physical conditions of a patient with a critical condition [9]. In all of the above cases, one or 

more sensors are required to make a connection between objects and humans. Sensors‘ battery 

are limited, so a way to reduce the power consumption of sensors should be embedded.[10] Sev-

eral methods have been proposed to extend the life of wireless sensor networks and thereby to 

increase the lifetime of the entire network [2]. One of them is clustering the areas that is covered 

by the sensors and selecting the cluster header for each of these areas. By using the clustering 

method, it is possible to reduce the number of paths used to transfer the information to the base 

station and the energy consumption of the nodes [3-6].  

Another way to reduce energy consumption is using sleep scheduling. When the node has 

no function, it is better to turn it off. The node should have the ability to re-awake based on ex-

ternal stimulus or based on time. For the sensor, three states of active, workless and sleep can be 

defined. In sleep state less power is used, which is called deep sleep [7, 8]. 

3. Martial and Things 

To create clusters on the network, the cluster header will be choice base on their energy, 

node that has most energy will choose as a cluster header and other nodes will attach to the each 

header base on the distance and they will become cluster members. Member sense data and send 

the information to their header,at the end data will send to base station. In each step, the remain-

ing energy of the cluster header node will be compared with a predefined threshold limit. If the 

energy level becomes lower than limit,another node that has more energy will be selected as the 

cluster header.If none of nodes have energy more than threshold in a cluster, it will re-cluster, 

which will consume high energy and reduce network lifetime. Hence, in this research, the net-

work is divided into periods, and sets of periods form a Hyper Round. In this model the re-

clustering procedure is performed at the beginning of each Hyper Round. This has led to the per-

forming of re-clustering operations only if needed. In this step choosing the time length of the 

round is vital. Long rounds lead to over-consumption of energy and short rounds lead to dis-

charge of nodes as a result of repeated re-clustering. After clustering the sensor nodes in the net-

work, the nodes go to the deep sleep and by receiving messages they change their state from 

deep sleep to light sleep and decode their incoming messages. If the incoming message contains 

a sleep message, they will fall asleep again. But if the incoming message contains an awakening 

message,the sensor nodes will wake up and wait for the original message to arrive. So energy of 

the sensors is used efficiently. 
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4. Theory calculation  

4.1 Selection of Cluster and Making Equations of Clustering 

The primary step is choosing a cluster header for each cluster. In this research, cluster 

headers are selecting base on their remaining amount of energy and their distance to the base sta-

tion. Nodes with the most amount of energy and the lowest distance will be selected. To choose 

cluster headers, two control messages, CH-relay and CH-advertise are exchanged between the 

nodes. The CH-advertise message, when a sensor node is selected as the cluster header, and the 

CH-relay message when a cluster header node leaves its role as a cluster header.  

The difference between these two Times should be at least equal to the time required for 

the transferring and receiving a message on the network. This method predicts that the node with 

more remaining energy will participate sooner in the selection process of the cluster header than 

the other nodes. 

Each j node maintains a set of neighbour clusters in the Sj
CH-nbr

. If in the time interval, the 

node j receives the CH-adv message, then enters the sender’s information in its Sj
CH-nbr

 setup, and 

after receiving the CH-rel message, the information will be deleted. Otherwise, if node j does not 

find the cluster header node in its neighbourhood, it chooses itself as a cluster header and it will 

sends its status by sending the CH-adv message to its neighbour nodes. If a node chooses itself 

as a cluster header, it receives the CH-adv message from a neighbour node with a higher priority, 

it abandons the role of the cluster header and sends a CH-rel message. At the end of the sampling 

the cluster header and clustering steps, at least one adjacent neighbouring cluster header will cre-

ate. Each of the normal sensor nodes collaborates with the cluster header and scheduled by re-

ceiving the CH-scheduling message,so the HR length will increase and overhead will decrease. 

 

Figure 1 – The Process of Re-clustering 

4.2 Fast Sleep Scheduling 

After clustering the nodes and selecting the cluster header, all nodes will be placed in deep 

sleep and after receiving the message,the nodes will transfer from deep sleep into light sleep and 
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decode the receive message.At this stage, based on the type of message, the decision will be 

made: 

1. If the message means sleep, the node will quickly fall asleep. 

2. If the message means to be awake, the node wakes up and waits for the main message 

to be received. 

 

Figure 2 – Change of the Status of the Sensor Nodes 

4.2 Calculation of the Length of the Time Period 

Selecting the length of the time period is very important. If it is considered less than the 

appropriate length, re-clustering takes place in less time intervals,otherwise, the cluster header 

node completely loses its energy. Relation 5 will be used to calculate the appropriate length of 

time period. In this relation, ECH-init
Cl

 represents the remaining energy of the node i at the end of 

the setup phase from the r period. eCH
Cl

 is the energy consumed by the cluster header in the Cl 

cluster during a constant phase in one round, rHRk
f
 is the end round number of the HRK, rHRk

s 
is 

the start number of the HRK round. When a round with a round number r is a member of the K
th

 

of the HR, is shown as r Є HRK. 

 

𝐄𝐇𝐑
𝐂𝟏

= [ 
𝐸𝐶𝐻−𝑖𝑛𝑖𝑡

𝐶𝑙  (𝑟𝐻𝑅𝐾
𝑠 ) − 𝑅𝐹 ×  𝐸𝐶𝑀−𝑖𝑛𝑖𝑡

𝐶𝑙̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ (𝑟𝐻𝑅𝐾
𝑠 )

𝑒𝐶𝐻
𝐶𝑙 ]                               (5) 

In Relation (5),the re-clustering (RF) parameter is considered constant.This factor is ad-

justed to optimize energy resources based on problem requirements and network density between 

0 and 1. 

5. Simulation Results and Analysis  

5.1 Simulation Results 

The Matlab software environment is used to simulate the proposed method. The wireless 

sensor network structure will be considered based on the parameters in Table 1. 
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In the following,the effect of the number of cluster headers in the proposed method, the 

impact of the proposed method on the lifetime of the network based on the number of sensor 

nodes and the time of the death of the node of the first node, half of the nodes and the last node 

have been discussed. 

  

   

   

,  

 
  

   

  

   

5.2 The Amount of Remaining Energy in the Network 

The amount of remaining energy in the network has been done for the number of 25 to 100 

sensor nodes in the network of 500 meters in 500 meters. By increasing the number of nodes, the 

amount of remaining energy in the network will be reduced due to the increase in the number of 

exchanged messages.The proposed method has more remaining energy levels than similar article 

methods.The improvement in the proposed method for the 25 nodes in the network was 38% 

compared to the EECS method and 11% compared to the EESSCBA method. 
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Figure 5 – The Remaining Amount of Energy in the Network 

5.3 Examining the Network Lifetime based on the Number of Sensor Nodes 

In this section, the performance of the proposed plan for different number of nodes for 

three parameters,the death of the first node,the half of the nodes and the death of the last node 

was examined and compared with the methods described previously. 
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Figure 6 –  A Number of rounds after the death of the first node, 

B Number of rounds after the death of the half of the nodes, 

C Number of rounds after the death of the last node 

The proposed method has shown better performance in all three phases, 29% increase for 

the death of the first node, 33% increase for the death of the half of the nodes and up to 38% in-

crease for the death of the last node,which is equal to the total death of the network, in perfor-

mance for 1000 nodes, due to the use of the deep sleep mechanism in the nodes. 
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6. Conclusion 

In this study,in order to increase the lifetime of the sensors, the network was initially clus-

tered based on the remaining energy in nodes and their distance to the base station. Other-

wise,nodes in the Internet of Things are constantly awake and look for monitoring and receiving 

messages, so to reduce energy consumption nodes fall asleep during workless time and deep sleep 

mechanism was used. By receiving message,nodes fall into light sleep and if the message is not 

related to that node, then the node returns to the deep sleep with the sleep command. Otherwise, 

with the wake up command, the node wakes up completely and waits for the original message.It 

was observed that by using these methods there is an increase in performance of remaining energy 

up to 38%, and up to 38% for the death of the last node, which is equal to the total death of the 

network which is due to the use of deep sleep mechanism in the nodes. 
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ABSTRACT 

Loss of bond strength between cement-based and concrete-based repair mortars is one of the problems 

in practical work. One of the main causes of the decrease in bond strength is the dry shrinkage phenomenon. 

Therefore, in this paper, using in situ methods of "twist-off" and "friction-transfer", bond strength shear 

between cementitious mortars and concrete substrates were evaluated and their results were compared with 

each other. Also, to evaluate the effect of shrinkage on bond strength, curing inside sacks of different ages was 

used to improve the amount of bond strength between the repair mortar and the concrete substrate by 

controlling the amount of shrinkage. The results showed a high curing effect on shrinkage reduction of repair 

mortars and thus the improved results of the "twist-off" and "friction-transfer" tests. There was also a high 

correlation between the results of the above in situ tests. 

Keywords: bond strength; mortar; “twist-off”; “friction-transfer”; curing. 

1. Introduction 

The phenomenon of shrinkage caused by drying in the repair mortar causes significant 

volumetric changes, which are effective if the repair parts are bulky. If the hardened concrete 

becomes dry, the water in the cement paste will decrease, resulting in the concrete shrinkage, 

which is known as the drying shrinkage. For small sections, it can be assumed that fifty percent 

of this shrinkage occurs in the first year [1]. Shrinkage rates can be obtained using standard 

methods such as ASTM standards [2, 3]. Shrinkage can have devastating effects on the amount 

of adhesion to the concrete substrate. 

The adhesion of cementitious materials has been a topic of interest for decades. According 

to research conducted, early failures in multilayer concrete systems are mainly due to insufficient 

compatibility of the characteristics of the repair layers and the concrete substrate [4]. One of the 

characteristics is shrinkage resulting from drying. Some researchers have reported that differ-

ences in the amount of accident shrinkage between the repair layer and the old concrete are the 

main cause of the adhesion between these two systems [5]. For concrete members bounded by 

adjacent members, cracks may also occur due to excessive shrinkage [6]. Studies have mainly 

focused on the influence of various parameters on bond strength of concrete substrate and repair 

layer such as substrate surface hardness, application of epoxy-based adhesion and compressive 

strength of the repair layer [7, 8]. The compressive strength of the repair layer is directly corre-

lated with the adhesion between the repair layer and the concrete substrate so that increasing the 

compressive strength of the repair mortar from 70 to 114 MPa increases the bond strength from 

7.2 to 18 MPa [9]. To minimize the impact of shrinkage on the repair layer, the optimal curing 

mode is to apply a wet coating for a week [10]. The substrate surface has a great effect on the 

adhesion between the repair layer and the concrete substrate. If the substrate surface is exposed 

to sandblast, adhesion between the concrete substrate and the repair layer can increase up to 

14.5% [11]. 
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In this paper, the bond strength between cementitious mortars of the cementitious base and 

concrete substrates was evaluated using the new "twist-off" and "friction-transfer" methods. In 

these tests, using a sealer device, a partial core was formed from the surface of the repair mortar 

to the concrete bed. Then in the "friction-transfer" test, a metal device was fixed to the core and 

twisted with a conventional transducer to separate the core from the substrate surface. In the 

twist-off test, a steel cylinder with a diameter of 50 mm was attached to the core surface and a 

twist-off anchor was applied using a torque meter. In this study, using curing of different ages, 

the amount of mortar shrinkage was monitored and its effect on the results of "twist-off" and 

"friction-transfer" tests were investigated. 

2. Laboratory work 

2.1. Consumables 

The cement used was Type II Portland cement. The adhesive used was epoxy resin with 15 

MPa shear strength. In this paper, two types of cement-based mortars were used to achieve dif-

ferent shrinkages to investigate their effect on adhesion between the substrate and the substrate. 

The weight ratio of cement, sand, and water in repair mortars was 0.5: 3: 1, 0.5: 2: 1. The layout 

of concrete mixing is shown in Table 1. The 28-day compressive strength of the cemented con-

crete sample was 57 MPa. The superplasticizer used was polycarboxylate. The gravel and sand 

used had a maximum grain size of 19 and 4.75 mm. 

2.2. Methods 

The molds used for determining mortar shrinkage should be prism-formed, with 285 mm 

height, 25 mm square-shaped cross-section, and 250 mm long (Fig. 1a). In the "friction-transfer" 

method, using a diamond core, a partial core should be created on the surface of the repair layer so 

that it is about 5 mm deep into the concrete substrate. After the partial core was inserted, the metal 

"friction-transfer" device was mounted on the above-mentioned partial core and fixed to the partial 

core using screws. Then, using a conventional hand-held torsionmeter, the torsion anchor was ap-

plied to the metallic friction-transferrer (Fig. 1b). In the "twist-off" test, a diamond core with a di-

ameter of 50 mm and a depth of "repair layer thickness + 5 mm" was first embedded in the test sur-

face. Then a 50 mm diameter and 25 mm thick metal cylinder were attached to the core using an 

epoxy resin adhesive. After hardening the epoxy adhesive, the twist-off anchor was applied to the 

cylinder using a torque meter to break the partial core (Fig. 1c). 

 

(a) shrinkage  (b) friction-transfer  (c) twist-off 

Figure 1 – Methods used 
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Using the relation between shear stress and twist-off anchor, the amount of adhesion of the 

repair layer was calculated using the relation 1. 

    (1) 

where J is the second polar moment of the surface, r is the core diameter, T is the twist-off 

anchor, and τ is the shear stress. 

3. Results and analysis 

3.1. Shrinkage 

The results of the steps of determining the shrinkage of repair mortars are shown in Figure 2. 

 

Figure 2 – Shrinkage diagram of repair mortars 

As can be seen in Fig. 2, increasing the amount of aggregate compared to cement paste re-

duced the shrinkage due to drying, so that the 0.5:3:1 mortar had a 90-day shrinkage of 0.0823%, 

while the shrinkage of the 0.5:2:1 corresponding mortar is 0.11389%. That is, in mortars contain-

ing more aggregate, shrinkage decreased by 20.4%. This is because the aggregates do not usually 

dry out. Also, the cement paste in the mixture will lose dryness due to the loss of available mois-

ture, so mortars with higher cement paste will have higher final shrinkage. It is also seen from 

the diagrams of Figure 2 that at younger ages shrinkage occurs more rapidly and decreases with 

time. The reason for this phenomenon is the presence of more moisture at younger ages, result-

ing in more drying. In a concurrent study in 2017, Zhengyi Li, by research on the effect of sand 

content on mortar shrinkage, found that increasing the amount of sand in mortar reduced the 

amount of shrinkage caused by drying. In this study, 147-day shrinkage of 0, 707, 1259, and 

1421 kg/m3 of sand containing mortar was 0.202%, 0.107%, 0.086%, and 0.056%, respectively. 

3.2. Results of "friction-transfer" and "twist-off" tests 

Figure 3 shows the shear bond strength between the repair mortar and the concrete sub-

strate obtained by the "friction-transfer" test. 
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Figure 3 – Results of the "friction-transfer" test 

It can be seen from Fig. 3 that curing has a great effect on the improvement of shear bond 

strength between the repair mortar and the concrete substrate due to the failure to release free 

water inside the mortar and consequently to retain the surface water. This ensures that the mortar 

does not shrink and that there are no cracks in the mortar, which improve bond strength. For 

mortars that were kept under the curing until the test, the bond strength of the 1-2-0.5 sample 

was greater than that of the 1-3-0.5 sample. Also, shear bond strength for cured samples at 7, 42 

and 90 days was 2.9 times higher than non-curing specimens, respectively, due to the shrinkage 

in non-curing mortars. 

Figure 4 shows the shear bond strength between the repair mortar and the concrete sub-

strate obtained by the "twist-off" test. 

 

Figure 4 – Results of the "twist-off" test 

According to Fig. 4, which relates to the measurement of shear bond strength between the 

concrete substrate and the repair mortar using the "twist-off" method, it is observed that, as with 

the previous method, curing has a great effect on improving bond strength and enhancing the re-

sults of the "twist-off" test. In the "twist-off" test, the 90-day bond strength value of the cured 

specimens is about 2.5 times higher than that of the non-cured specimens. 
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Comparison between the results of the "friction-transfer" and "twist-off" tests shows that 

the results of the "twist-off" test are higher than the results of the "friction-transfer" test. This is 

because in the "friction-transfer" test, when the device is tightened on the core, some stress is 

applied to the surface between the repair mortar and the concrete substrate, which reduces the 

shear bond strength between them, while in the "twist-off" test, without any stress, the steel cyl-

inder is attached to the core surface, leading to the result of the "twist-off" test being greater. 

Conclusion 

The results show that "friction-transfer" and "twist-off" tests can be used to obtain bond 

strength between the repair mortar and the concrete substrate. 

Curing increases the amount of shear adhesion between the concrete substrate and the re-

pair layer, which reduces shrinkage and prevents cracks in the mortar. 

The 90-day bond shear strength for the cured samples in the water in the "friction-transfer" 

and "twist-off" tests was 2.9 and 2.5 times higher than those of the non-cured samples, respec-

tively. 

The results of the "twist-off" test are about 25% higher than the results of the "friction-

transfer" test because in the "friction-transfer" test some stress is applied to the mortar when the 

device is tightened on the core. 
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ABSTRACT 

One of the ways to increase adhesion between the repair mortar and the concrete substrate is to use the 

polymer inside the mortar. Therefore, in this paper, the tensile bond strength between modified polymeric 

concrete and the concrete substrate is evaluated using the pull-off method. In this regard, 15 wt% of polymer 

of styrene butadiene rubber was added to the mortar to cement weight and the results were compared with 

conventional mortar. The results showed the large effect of styrene butadiene rubber polymer on the tensile 

bond strength between the repair mortar and the concrete substrate using the pull-off method. It was also found 

that the proper treatment increases the adhesion resistance between the repair mortar and the concrete substrate 

for the plates of simple and polymeric mortars. 

Keywords: repair mortar; concrete substrate; adhesion; polymer; pull-off. 

1. Introduction 

The use of polymers in the repair of concrete structures is increasing day by day, leading to 

improvements in the world of cement and concrete [1]. The use of polymers with cement and 

aggregates is called polymer-modified mortar or concrete, whereas polymer-aggregate synthesis 

is known as polymer-based mortar or concrete [2]. Among the factors that can be affected by 

polymer are mechanical strength and durability of polymer-modified mortars and concrete [3, 4]. 

In a study carried out on the engineering properties of three types of mortar and concrete modify-

ing polymers namely styrene butadiene rubber, polyacrylic ester and vinyl ethyl acetate under 

different processing conditions, the results showed that the styrene butadiene rubber polymer 

compared to the two The other type has better performance in improving mortar and concrete 

properties [5]. 

Different methods can be used to determine the adhesion between the repair substrate and 

the concrete substrate. One of these methods is the "direct tensile" method [6]. By applying the 

"direct tensile" method by applying a tensile force to the concrete core, one can directly deter-

mine the tensile bond strength between the repair layer and the concrete substrate. 

In this paper, the tensile bond strength between the substrate concrete and the repair layer 

was obtained using the "pull-off" method. For this purpose, concrete substrate samples were first 

prepared and then mortar was applied to them. The repair mortar was a styrene butadiene rubber 

polymer-modified mortar which was used in the mortar with a 15% weight ratio. After applica-

tion, mortars were cured by "waterlogging", "curing materials", and "releasing into the open air", 

and the results were compared. 
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2. Laboratory work 

2.1 Consumables 

The cement used was Type II Portland cement. The gravel and sand were graded according 

to ASTM C136-01 [7]. The saturated gravel and sand densities with the dry surface were 2330 

and 2510 kg/m
3
, respectively. The rate of water uptake by gravel and sand was 3.2 and 2.6%, 

respectively [8-9]. The polymer used in the mortar was styrene butadiene rubber (SBR), which 

was water-soluble at a mass of 1.0 kg/l with a milky white color. The adhesive used was epoxy 

resin type in two parts by combining one to one volume ratio. 

To achieve a fixed mixing scheme for the mortar and concrete, the aggregates were first 

dried in the laboratory for 72 hours and then used in the mixture. The ratios of materials used for 

the concrete mixing plan are shown in Table (1). 

3. Tests 

3.1. "Pull-off" method 

In this test, a metal cylinder first adhered to the partial core created by a core drill with a 

special adhesive. The direct tensile device then pulled the metal cylinder with a tensile force to 

break the partial core. After partial core failure, the tensile bond strength between the repair mor-

tar and the concrete substrate was determined by dividing the tensile force applied to the surface 

of the metal cylinder. The "pull-off" test device is shown in Figure 1. 

 

Figure 1 – Direct tensile method 

3.3. Method of determination of shrinkage 

Standard molds with a height of 285 mm and a cross-section of 25 mm were used to de-

termine the shrinkage. At least 3 samples should be made per standard for each mortar. Fig. 2 

shows the mortar shrinkage test device. The standards used to measure drying shrinkage are 

ASTM C157 [10] and ASTM C490 [11]. 

 

Figure 2 – Mortar shrinkage test machine 
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4. The results obtained and analysis 

4.1. Tensile bond strength for water treated samples 

Fig. 3 shows the tensile bond strength between the repair mortar and the concrete substrate 

treated with water for one week and obtained by the "pull-off" method at different ages. 

 

Figure 3 – Tensile bond strength obtained by the "pull-off" method 

It can be seen from Fig. 4 that the addition of the polymer to the repair mortar that was 

treated with water for one week increased the tensile bond strength obtained by the "pull-off" 

method. At ages of 7, 28, 42, and 90 days, the tensile bond strength for the cementitious mortar 

was 1.34, 1.59, 1.25, and 0.93 MPa, respectively, whereas the addition of 15% polymer in-

creased the tensile bond strength for The above ages were 56.7%, 75.2%, 125.7%, and 220.3%, 

respectively. 

4.2. Tensile bond strength for samples treated with curing materials 

Fig. (4) shows the tensile bond strength between the repair mortars treated with the con-

crete substrate obtained by the "pull-off" method at different ages. It can be seen from Fig. (4) 

that the addition of polymer to the repair mortar increases the tensile bond strength of the pull-

off method. At ages 7, 28, 42, and 90 days, the tensile bond strength for the cementitious mortar 

was 1.08, 1.21, 0.99, and 0.76 MPa, respectively, while the addition of 15% polymer at ages 7, 

28, 42 And 90, compared to the cementitious mortar with tensile bond strength, were 67%, 

97.7%, 155%, and 243%, respectively. 

 

Figure 4 – Tensile bond strength obtained by the "direct tensile" method. 

4.3. Tensile bond strength for samples released in open space 

Figure (5) shows the tensile bond strength between the uncoated and the concrete substrate 

obtained by the "pull-off" method at different ages. 
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Figure 5 – Tensile bond strength obtained by the "direct tensile" method 

It can be seen from Fig. 7 that the addition of polymer to the repair mortar increased the 

amount of tensile bond strength obtained by the "direct tensile " method. At ages 7, 28, 42 and 

90 days, the tensile bond strength for the cementitious base mortar was 0.68, 0.76, 0.31, and 0 

MPa, whereas the addition of 15% polymer at ages 7, 28 and 42 compared to cementitious based 

mortars had higher tensile bond strengths of 121.8, 159.6 and 568.9%, respectively. For these 

mortars, the 90-day tensile bond strength is 2.18 MPa, while the 90-day tensile bond strength is 

zero for cementitious base mortar without curing. 

4.4. Comparison of results for samples with different curing conditions 

Figure (6) shows the 90-day tensile bond strength under different curing, obtained by the 

"pull-off" method for modified polymer mortars. As can be seen from Fig. (8), the water-cured 

samples have the highest tensile bond strength and the non-cured samples have the lowest tensile 

bond strength. The 90-day tensile bond strength for water-curing samples obtained by the "pull-

off" method for polymer-modified mortars with a 15% ratio was 2.99 MPa which increased by 

37% compared to the 90-day tensile bond strength of non-cured samples. 

 

Figure 6 – 90-day tensile bond strength in different curing methods by the "pull-off" method 

The 90-day increase in tensile bond strength of cured samples in curing materials is lower 

than the samples cured in water, but compared to non-curing samples, mortars containing 15% 

polymer had a 20.4% increase. 

Fig. 7 shows the 42-day tensile bond strength under various curing results obtained by the 

"pull-off" method for modified polymer mortars. As can be seen from Fig. (9), the water-cured 

samples have the highest tensile bond strength and the non-cured samples have the lowest tensile 
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bond strength. 42-day tensile bond strength for water-cured samples obtained by the "pull-off" 

method for polymer-modified mortars with a 15% ratio of 2.84 MPa which increased by 35.1% 

compared to the 42-day tensile bond strength of non-cured samples. The 42-day increase in tensile 

bond strength of cured samples in the curing materials was lower than in water-cured samples, but 

compared to non-curing samples, the mortar containing 15% polymer had a 22.5% increase. 

 

Figure 7 – 42-day tensile bond strength in different curing methods by the "pull-off" method 

5. Conclusion 

The results of the "pull-off" method showed a significant effect of curing on the tensile 

bond strength between the concrete substrate and the polymer-modified repair mortar. 

The addition of 15 wt% of styrene butadiene rubber polymer to cement mortar significantly in-

creased the tensile bond strength between the repair layer and the concrete substrate. 

Compared to non-polymer cement mortars, the addition of 15 wt% of polymer to cement 

increased tensile bond strength for water-cured samples at ages 7, 28, 42 and 90 by 56.7%, 

75.2%, 125.7%, and 220.3%, respectively, in cured samples with curing material by 67%, 

97.7%, 155%, and 243%, respectively, and in non-cured samples by 121.8%, 159.6%, and 

568.9%, respectively. 

Lack of curing in the cementitious mortars causes the mortars to lose their water and be-

come shrunken by drying. This resulted in the separation of the repair mortar from the concrete 

substrate after 90 days and resulted in zero tensile bond strength between their joint surfaces, 

while the mortars modified with styrene butadiene rubber polymer had acceptable adhesion 

strength. 
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ABSTRACT 

The present study aims at analyzing the contractors’ chosen preliminary evaluation scope within the 

IMS limit of project management’s knowledge modules. One of the scales in the primary mechanism of 

implementing the projects is reaching a high level of productivity in the goals and selection of the most 

qualified contractors in line with the best accomplishment of these goals. Based on the past statistics and many 

projects have been left unfinished and the employers as well as the society have been incurred with a large deal 

of irreparable life and financial losses. Therefore, according to the important standards of the evaluation fields, 

the present study analyzes the contractor’s selection in two areas of contractor selection based on the old 

countrywide bidding method in six identified domains and the new contractor selection method in ten 

identified domains. Use was made of fuzzy logic for analyzing these indices in several sample volumes of the 

contractors. Fuzzy logic is the strongest and most flexible instrument for the evaluation of this index for it is 

capable of even mathematically configuring and finally evaluating the uncertain and inexact parameters. 

Following the completion of this research and putting its results into effect, it is expected that the selection of 

the most qualified contractor can to a large extent heighten the scope of expectations and claims and lower the 

challenges in the project’s time, cost, quality and productivity. 

Keywords: claims; projects’ lifecycle; IMS; contractor evaluation indices. 

Introduction: 

During the recent years, we have witnessed considerable growth in the changes of the pro-

cedures and systems of bid-holding and the employers have applied methods like free bidding, 

limited bidding and desertion of the bids’ formalities. Determination of the contractors’ qualifi-

cations which is done by the employer (pre-appraisal stage) usually serves the lowering of the 

risks like low-quality implementation, extra costs and so forth. Besides its long process, this 
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method imposes a lot of costs on the project factors and this can per se cause an increase in the 

overhead expenses to the employer, advisor and contractor. Moreover, considering the severe 

price competition, some contractors are ready to suggest very low prices in the bids and this may 

be followed by future problems like the contractor’s filing of lawsuits and so forth which is oc-

casionally accompanied by the deposing of the contractor with the costs of such ways of treating 

being completely clear in the projects. Furthermore, according to the fact that only one scale 

(suggested price) is utilized in the common procedures, there would be no guarantee for the se-

lection of the best contractor.  

A glance at the process of contractors’ pre-appraisal and selection: 

In Iran, the method of the contractors’ pre-appraisal and selection has been commenced 

since 1965. The governmental transactions’ procedures, passed in 1965, has the following stipu-

lation about the selection of the contractors: if there is offered no suggestion and/or when the 

suggested price is not normal, the commission can arrange a minute and rule the performance of 

the transaction via price quotation according to a previously obtained fair price. In 1970, the 

method of inviting the contractors to bid their prices has been asserted by the commission as fol-

lows: a company’s invitation for limited bidding is sent to some individuals whose qualification 

for participation in the transaction has been previously verified and their names have been insert-

ed in the list of the qualified contractors.  

Scales of Contractors’ Selection: 

Identification of the scales effective in the evaluation and quality determination of the con-

tractors that take part in civil reconstruction projects are amongst the important stages of the con-

tractors’ selection. Many scales can be considered for the selection of the contractors like time, 

cost, security and quality, technology, managers and personnel’s experience, machinery and cap-

ital. Of course, besides the aforementioned scales, there are also many other criteria that can be 

mentioned such as the relationship between the contractor and the previous employers, the rela-

tionship between the contractor and the subcontractors and personnel and some others the im-

portance of which is lower as compared to the primary scales. 

The contractors can be evaluated and their qualifications can be assessed according to the 

abovementioned scales and criteria for various construction projects. The main goals of the con-

tractors’ pre-qualification appraisal include the followings: 

Primary Scales of the Presidential Management and Planning Organization for Bid-

Based Contractor Selection: 

12. Cost as a Scale: 

As it has also been posited in the procedures of the countrywide bids, the scale for the final 

selection is the amount of price suggested by the contractors. Most of the problems of the bid-

ding system also stems from this section. Sufficing to this same scale is one of the significant 

disadvantages of the bidding systems. Declaration of very low prices by some contractors causes 

the emergence of claims during the project implementation and/or even deposing of the contrac-

tor and annulment of the contract. 

13. Time as a Scale: 

The bidding system used in our country orders a limited time for the project accomplishment 

in such a way that the time of project completion is mentioned at the same time with holding the 

bid and also signing the contract and the contractor has to finish whole the project within the speci-

fied time and deliver it to the employer. However, there are many problems on finishing a project 

within the set time that make the project completion time exceed the considered period and the 

contractor has to be capable of compensating the delays and getting the project done on the due 

date in case of the occurrence of such unpredictable delaying problems.  

14. Security Plan and Quality (HSEQ-Plan) as a Scale: 

One of the important scales showcasing the method of the contractor’s performance is se-

curity and quality. Based on the standards, the amount of damages, incidents, accidents and oth-

ers of the like account for the degree to which this scale has been observed. In advanced and 

industrial countries. 
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15. Experience as a Scale: 

In order to assess the contractor’s sophistication according to the necessities of the task of-

fered by him, the employer can evaluate and determine a score for the experience of the contrac-

tor based on his previously accomplished projects as well as via asking his prior employers about 

their satisfaction or dissatisfaction of him. 

16. Managers and Personnel as a Scale: 

In this parameter, the contractor’s managerial-executive pyramid is evaluated from its peak 

to its lowest point and the company managers appraise the simple workshop personnel and give a 

score to this scale which is one of the important parameters of the contractor’s company. 

17. Machinery as a Scale: 

Like the management and personnel, this scale, as well, is amongst the criteria related to the 

main texture of the contracting company. Machinery is a parameter of a great important and possi-

bly one of the greatest and most significant parameters in the large civil reconstruction works. 

18. Contractor’s Capital as a Scale: 

In most of the civil reconstruction projects, there is a very long process for paying the con-

tractors’ debts. The major concern here is that the contractor has to get the project reached a 

stage before getting paid and this needs him to have an initial financial affordability in terms of 

the use of equipment and machinery so the contractor should have preliminary sufficient capital 

for equipping his workshop. 
Weighting 6 tender evaluation indices using the old method as work-breakdown structure (WBS): 
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Indices’ Evaluation and Selection System based on Fuzzy Logic: 

Fuzzy logic is a powerful tool for solving the issues related to complicated systems the 

perception of which is rather difficult and/or the issues pertinent to reasoning, decision-making 

and human inference. As for the contractors’ selection based on this method, since many of the 

existent decision-making scales are based on the decision-makers’ judgments and considering 

the uncertainties extant in such method, fuzzy logic can be a proper method for contractor selec-

tion. The prior works performed globally in this regard are very limited but they are also proper 

grounds for this research. 

A
0  

=  A i max i 
𝔗 𝑤𝑗    𝑟 𝑣

𝔗  𝑤𝑗
 

Where, W is the weight vector and r is the score of the indices. 

Contractor Selection Analysis Using Fuzzy Logic for the Ten Identified Index Fields: 

In order to finish a civil reconstruction project, the primary scales of decision-making for 

selecting the contractors are as explained beneath (based on the management and planning or-

ganization’s existent procedures): 

1. Executive costs 

2. Work history in the work field and major 

3. Possession of the ready-to-work and available machinery and equipment 

4. Effective management and proper managerial system for task accomplishment 

5. Adequacy of the technical cadre and key elements in terms of knowledge and experience 

6. Financial power and logistics  

7. Task accomplishment’s quality system (TQM, HSEQ Plan and IMS) 

8. Contractor’s nativity and sophistication  

9. Good conduct history of the previous works’ completion and absence of a bad professional 

conduct history 

10. Creativities and innovations in the similar tasks 

To determine the weights of the indices, the following process is taken: at first, the weight 

of the executive costs is determined according to the bids offered in this regard and the weights 

of the other indices are specified according to the Iranian management and planning organiza-

tion’s procedures. 

If the weights of the indices one to ten are respectively denoted by W1 to W10, the weight 

vector of the indices will be of the following form: 

W= {0/550/05850/05850/01170/03870/03870/01170/0270/03870/03870/0585} 

Now, the number of the contractors who have attended the bidding and their acquired 

scores will be of the following form. The process of selecting the best contractor is as shown be-

low. In this bidding, five contractors, namely A, B, C, D and E, have taken part and their ac-

quired scores are as listed beneath: 
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At first, all of the above-presented values should be unscaled and this is done through the 

use of linear unscaling as shown below: 

nv  = 
𝑟 𝑣

𝑟0 𝑗
 

r I   =  max  rv 

And, if the index is found having negative dimensions, then: n v = I - 
𝑟 𝑖𝑗

𝑟0  𝑗
 

The unscaled values of the above indices are as listed in the following table for the various 

contractors. 

A
0  

= A i max i 
𝔗 𝑤𝑗    𝑟  𝑖𝑗

𝔗  𝑤𝑗
 

Where, A
0 

is the most appropriate choice. 

Considering the obtained weight vector, the score of each contractor is equal to 

EA=0.7902, EB=0.7904, EC=0.8206, ED=0.8393 and EE=0.8359. 

Concluding the Two Methods of Contractors’ Assessment and Selection: 

The summing of the results indicated that the unsuccessful experiences in price-based bid-

ding method along with issues like projects’ enlargement render it necessary to apply multiscale 

methods for selecting the contractors. As a method based on simple weighted multiscale deci-

sion-making, the proposed method is an example of multiscale decision-making methods for se-

lecting th. e contractors  

the investigation of the obtained results showed that the order of the contractors selected 

using the proposed method is different from the order of the contractors appointed using the 

common bidding method even with the allocation of a considerable weight to the contractors’ 

suggested price (0.55). Therefore, the future researchers are recommended to develop this model 

as a future work and try identifying the conditions appropriate for the application of this method 

of contractor selection.  
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ABSTRACT 

The present study's objective is the implementation of the general HSE Plan in civil projects; at first, it 

is required to formulate the WBS (work-breakdown structure) in the relevant project with the aim of coming to 

a proper time plan. In this study, the scope of the implementation of this system includes two items in which 

the probability and risks of timing projects can come to light. The two substantial items in timing projects are 

activity and time itself which, in some projects, given the un-clarity of the scope of these two items, one is 

required to take into consideration the probable and approximate value of such scope with the analysis of the 

fuzzy expert method. And, one of the methods used for the analysis of the scope of timing probabilities is the 

use of the practical implications of fuzzy logic in engineering sciences; thus, in the essay at hand, the basic 

information required for risk assessment, fuzzy logic, the theory of fuzzy numbers, and the method used for 

analyzing, disintegrating, and composing them, with the purpose of applying them in projects' risk assessment, 

is presented. Fuzzy logic is a technique of high flexibility and this a valid solution for assessing non-

quantitative and unclear data. Many factors of impact in a project, which cannot be assessed and measured 

with the usual calculative methods, can be taken into consideration and evaluated with the use of this 

technique. As a result, fuzzy logic can be introduced as a powerful and flexible tool for analyzing the scope of 

risk of projects which is enabled to provide us with the mathematical formulation of the unclear or unspecific 

parameters and, eventually, represent the analysis and evaluation of data in a numerical format. 

Keywords: timing module; risk analysis; fuzzy logic; project's risk item; work-breakdown structure; 

HSE plan. 

1. Introduction 

The A-to-Z structural phases of a civil project (called the Project Life Cycle or PLC) and 

also coming to a proper confidence coefficient of safety factor in the execution of the project 

from the view point of HSE system are always faced with risk and uncertainty with regard to the 

scope and limits of the project in question and thus the risk involved is required to be managed in 

the most optimal way (ALARP) with the use of logical and rational methods and also a precise 

approach to the facts. The existence of uncertainty or in-confidence in the milieu surrounding 

managers can create a sense of unease and difficulty in most individuals. Determining the criteria 

that one would be able to use in order to make certain decisions is thus considered a fundamental 

problem in a way that distinguishing and setting distinction between right and wrong is always a 

source of dispute and debate. The Traditional and common response to such uncertainties is 

mostly divided on the basis of a two-dimensional and value-based in which events are divided to 

good or bad and/or possible and impossible. However, the effective and efficient management 

depends on making right or wrong decisions and the proper or improper analysis of data. The 

logic that states which side is indeed right and which one wrong, can be said to have given form 

to the underlying foundtions of a major part of an organizational management.  
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2. The Benefits of Using Fuzzy Logic Theory 

The proper implementation of the structure of HSE PLAN system in civil projects, in terms 

of predicting and preventing project's risks, necessitates profound understanding and sufficient 

studies in the relevant area. For this purpose, it is necessary to choose a proper technique in order 

to recognize and evaluate all those causes that can lead to the occurrence of accidents in a pro-

ject. Fuzzy theory is an analytical and scientific method that enables the decision-making system 

to successfully calculate and assess such parameters as the feasibility rate of the fulfillment of 

the project and the intensity of the risks involved in it by taking into consideration more details. 

Chong Monk et al. have applied this technique in their risk analysis of a pipe manufacturing fac-

tory.   

3. Risk Analysis 

3.1 Risk Analysis Function 

Presently, one of the highly common and diverse methods of risk analysis available is 

HSE. Risk is often defined as a combination of two primary elements being the probability 

(repetition) and intensity (the significance of events). As a result, the majority of risk analysis 

methods are based upon these two primary elements. 

4. Fuzzy Theory 

Even though a research is required to have sufficient knowledge of fuzzy logic when ap-

plying its theory, still it is necessary to give some account of fuzzy concepts, at least to some ex-

tent, before introducing fuzzy techniques. Given the fact that trapezoid and triangular fuzzy 

numbers are going to be applied more than other types of fuzzy numbers, in the present article, 

they will be discussed further. 

4.1. Fuzzy Variables 

Linguistic variables, which are the inputs of fuzzy system, are those variables whose ac-

ceptable value can replace numbers, words, or statements. Linguistic variables are expressed on 

the basis of speech values. For instance, the variable known as project's severity, can be deter-

mined through various opinions and / or conditions within the framework of a set of expressions 

such as low, average, high, or very high. As a result, such speech values as low, average, high 

and the like are called fuzzy values each of which modeled on the basis of their membership 

function. 

Figure 1 - A fuzzy triangular function 
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Figure 2 – A fuzzy trapezioid function 

5. Fuzzy Technique 

In order to constitute a fuzzy system, 4 stages are required: 

 Fuzzification or constructing fuzzy sets: at this stage, variables are accounted for as 

the inputs of a system and the output must be a fuzzy set. 

 Giving definitions for such rules as "if.. .then" which illustrates the relationship be-

tween input data and output sets. In this part, the probable qualitative situations of each of the 

impacts are specified. 

 The collection of all constructed rules as a point of reference 

 De-fuzzification process which turns the output results into the form of a quantitative 

1. Recognizing the Impactful Factors in Risk Measures 

Similar to other techniques of risk analysis, the initial stage is gathering necessary infor-

mation and recognizing risks and hazards. For this purpose, the totality of the impactful factors 

in the materialization of a project is needed to be determined and their severity specified. 

5-2. Rating the Input Variables 

At this stage, each variable is divided on the basis of various levels and each of these levels 

or intervals will be rated itself.  
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The maximum-minimum domain of these variables can differ on the basis of its nature and 

various standards and/or the assessing expert's opinion. By means of illustration, the limits or 

scale for representing danger (s) can be determined between zero to ten, on an annual basis, and 

the probability of a project (F) can be determined between 0 to 50 in an annual manner and such 

numbers demonstrate the lowest and highest extends for the intended parameter. As mentioned 

above, the value of the variables varies on the basis of the type of activity and risk and thus the 

interval used for the degree of temperature and one used for sound intensity are different from 

one another. In a particular application, we may be required to use 1000 stages. 

 

Figure 3 - Membership function of the input variable of "probability" (Matlab software) 

 

Figure 4 - Membership function of the input variable of "severity" (Matlab software) 

Mamdani's method, which has been applied in the present article and on Matlab software, 

requires the output function to be a fuzzy set. The following example is a fuzzy modeling in 

which the rules of "if...then" are used on the basis of fuzzy logic. 

 The value risk is in direct proportion with severity 

 The value of risk is in opposite proportion with safety measures 

Which will be interpreted as such: 

1. If the severity of the project is high (low) then the risk value is high (low). 

2. If the level of safety measures is high (low) then the risk value is high (low). 

The fuzzy assessment and evaluation is resulted from the experience of a human operator 

and/or engineer where the experience and knowledge in question are mainly based on their quali-

tative knowledge and understanding of the system at issue. This means that one can claim that 

the set of fuzzy laws is a linguistic model of those measures taken by a human operator and such 

rules are on the basis of the way of thinking and attitude of the risk evaluating or assessing ex-

pert with regard to the type and severity or value of risks and hazards involved. Fuzzy rules rep-

resent a logical relationship between fuzzy input and output variables. The application of fuzzy 

evaluation rules can help us with coming to the best possible scenario for predicting the project 

with the use of the available experiences and information in order that the critical points be rec-

ognized in this way and thus the necessary measures be taken. Fuzzy argument is regarded as an 
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argument of Example 1: if (the probability low) and (project's severity very low) and (contact 

factor very high) and (the use of safety equipment appropriate), then (risk level low). 

 Example 2: if (the probability very low) and (project's severity low) and (contact factor 

average) and (the use of safety equipment appropriate), then (risk level average). 

 Example 3: if (the probability average) and (project's severity high) and (contact factor 

very high) and (the use of safety equipment average), then (risk level high). 

In this manner, the rest of 256 possible rules are constructed and the graphic table no. 6 

demonstrates the fuzzy rules constituted by Matlab software. These laws are archived in the sys-

tem as the referent data base and, in the following stages, used for analyzing the risks recog-

nized. 
 

6 - Conclusion and Further Discussion: 

The implementation of a HSE PLAN System in projects needs to be placed within three 

separate temporal intervals or stages which include (the start of the contract, the execution of the 

contract, and the final control and assessment of the project) and this task, too, requires the pre-

cise recognition of the activities and the implementation of the necessities with regard to the 

work breakdown structure and the most important objective in the recognition of these activities 

is risk analysis; the fuzzy logic method is a convenient and proper solution for evaluating the 

ambiguous and imprecise data in such risk analysis where, with the use of fuzzy logic, one can 

come to a clear prediction of the uncertainties and thus minimize the risk level or ALARP to its 

lowest possible degree. With having the value of project's severity, probability, contact level, and 

the level of using safety equipment for a certain activity in a particular project and with entering 

these data as the input variables to the fuzzy system, one can analyze the risk with taking all 

conditions and uncertainties into consideration and calculate it with precision and in a mathemat-

ical format. In the present article, an effort has been made to provide a model on the basis of 

fuzzy logic and with the application of Matlab software with the aim of analyzing the level of 

risk in a project. At the first stage, the determination and evaluation of the input variables were 

explained and it became clear as why and to what end are input and output variables and fuzzy 

numbers were made. After that, the task of constructing fuzzy rules was dealt with. Such rules 

can be then applied as the referent database in the task of risk analysis. At the final stage, and 

after the construction of fuzzy rules, all possible scenarios of the project which can be rendered 

problematic are recognized and determined and the actual level of risk in each scenario was cal-

culated and presented in form of a mathematical number. In the present study, an effort has been 

made to explain fuzzy logic's application in safety studies along with its primary introduction. At 

the end, it is worth mentioning that in case of having access to more precise statistics and actual 

data from work environment (ergonomics, and spatial planning) one can come to a more precise 

and comprehensive modeling and thus advance the level of exploitation, effectiveness quality of 

the projects and manage project's timing and cost more efficiently. 

References 

1. Implementation of HSEQ plan in municipalities of Tehran province, 2019. 

2. Ghazanfari, Mehdi, Rezaie, Mahmood, "Introduction to Fuzzy Set Theories", 2010, 

University of Science and Technology. 

3. Esmaieli, Mehdi, Concepts and Technics of Data Mining, 2011, Ketab Sabz press. 

4. National Building Codes 

5. ISO 9001, ISO 10006, ISO 14001, ISO 18001, ISO 45001, ISO 50001. 



ТЕХНИЧЕСКИЕ НАУКИ 
  
 

76 | ФУНДАМЕНТАЛЬНЫЕ И ПРИКЛАДНЫЕ ИССЛЕДОВАНИЯ В СОВРЕМЕННОМ МИРЕ 

6. Saber, Vahid, Ghobadi, Shahram, Barzin Poor, Farnaz, "Using Multi-Objective Genet-

ic Algorithm to Facilitate Time-Cost Optimization, Considering Resource Constraints", 2007, 

Third International Project Management Conference, Tehran, Iran. 

7. Kargarfard, Mohammad Hossein, Kheirkhah, Amir Saman, "Usage of Genetic Algo-

rithm and Priority Rules for Solving Multi-project Scheduling", Considering Resource Con-

straints", 2009, Fifth International Project Management Conference, Tehran, Iran. 

8. Sanaie Rad, Ali, Roostaie, Vahid, "Usage of Time Management Based on PMBOK in 

Development Projects, and Provision of Methodologies to Improve and Upgrade Them", 2010, 

Third National Civil Engineering Conference, Khomeinishahr, Iran. 

9. Books by Dr Golabchi 

10. Kamankesh, Fateme, "Investigating Methods of Data Coding in Genetic Algorithm", 

2010, Forth National Data Envelopment Analysis Conference, Mazandaran, Iran. 

11. Tadic, D., & Djapan, M. (2012), ''A Fuzzy Model for Assessing Risk'', International 

Journal of Occupational Safety and Ergonomics (JOSE). 
12. Zadeh, L. A. (1965), "Fuzzy Set" , In Inform Control (pp, 338-35). 
 
 
 

SIMULATION OF THE COMMUNICATION LINK BETWEEN THE 

BASEBANDS OF TERRA AND AQUA SATELLITES TO RECEIVE 

VISUAL RAW DATA FROM MODIS REMOTE SENSING 

Mohammad Dehghandar, 

M.Sc. degree in communication engineering,Malek-Ashtar University of Technology 

(MUT), Tehran, Iran 

ABSTRACT 

In this study, the communication link between Terra and Aqua satellites for the Moderate Resolution 

Imaging Spectroradiometer (MODIS) was examined, especially in the baseband. The CCSDS protocol used in these 

two satellites was identified. In the baseband, the raw data of the Modis sensor were also analyzed and programs 

were proposed to achieve zero-level data in PDS format. This PDS template includes all 36 spectral bands as well as 

three different sensor variations and can be used to generate other levels of Modis sensor products. 

Keywords: MODIS; CCSDS; protocol; PDS template. 

Introduction 

The Modis used in satellites (Terra 1999) and (Aqua 2002) is a medium-resolution sensor. 

Aqua and Terra are two remote sensing satellites orbiting at an altitude of about 705 km (LEO) 

at an inclination angle of nearly 99 degrees. 

The Aqua satellite operates at 86060MHz and 8025-8175MHz bands and includes six sen-

sors called MODIS, AMSU-A, AIRS, HSB, CERES, and AMSR-E. And the Terra satellite, with 

a working frequency of 8212 MHz and a band of 8175-8215 MHz, includes five sensors called 

ASTER, CERES, MISR, MODIS, and MOPITT. Aqua passes through the equator daily at 1:30 

pm and is facing north and is ascending. Conversely, Terra passes through the equator at 10:30 

am daily and is facing south. Thus, by combining the Aqua and Terra morning satellite observa-

tions, it provides us with important insights into global precipitation and the ocean cycles 

throughout the day.  

The MODIS sensor collects optical data and other detectors by emphasizing a cross-track 

scan mirror. The dimensions of the MODIS imaging window are 2330 km (cross- / traverse-

track) in 10 km (in the direction of Nadir/Altitude). In one excavation, MODIS traverses 10 lines 

with a spatial resolution of 1000 meters (equivalent to 40 lines with a resolution of 250 meters 

and 20 lines with a resolution of 500 meters) [4]. 
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Given the necessity and importance the MODIS measuring data mentioned above, here are 

some related software solutions and packages so that we can first get the raw data of this sensor 

and, with complete familiarity with the basic data band protocols, we achieve the Production Da-

ta Set (PDS), and extract 36 waves, spectral bands, to perform the required analysis and evalua-

tion in each field using the desired band. 

Materials and methods 

How to process MODIS packages 

Modis frame format  

The CCSDS standard is the standard provided by the Advisory Committee on Spatial Data 

Systems. The satellite transmits CCSDS packages over the board via the space network, encoded 

VCDU packages are shared in CADU packages. 

CADU packages are transmitted with multiple coding layers. Terra and Aqua sensors use 

RS coding and PN coding, but only Aqua follows the CCSDS standard. Terra does not use PN 

coding in the original VCDU header and only encrypts VCDU data with PN, while in Aqua, PN 

is used in both the primary header and VCDU data. Terra's data requires an RS decoding before 

the PN decoding can be performed on it, while in Aqua, according to the CCSDS standard before 

processing the frame, first, the PN decoding and then the RS decoding is applied [2]. 

The length of the Modis satellite frame is 1024 bytes and FS = 1A CF FC 1D. This code-

word is used to synchronize frames. The FS code for Aqua and Terra sensors is the same and 

does not change depending on the type of sensor. 

Processing Aqua sensor frame 

GVCID: Spacecraft Identifier (SCID), TF version (TFVN), and Virtual Channel Identifier 

(VCID) are used in the initial VCDU header. In this way, these three parameters specify a unique 

address called GVCID. 

GVCID = TFVN + SCID + VCID 

The Aqua Modis receiver has the following values: 

TFVN = [0 1] = 01 

SCID = [1 0 0 1 1 0 1 0] = 9A 

VCID1 = [0 1 1 1 1 0] = 1E, for MODIS 

For so-called full packets, which are disposable packets, the VCID value is as follows: 

VCID2 = [1 1 1 1 1 1] = 3F for full packet 

MODIS data 

The data that is sent in the daily packets contain 4980=12*3*5 bits and the data that is sent 

in the nightly packets contain 2052=12*9*19 bits. Number 12 indicates that the image resolution 

is 12 bits. Number 83 in daily packets indicates data channels (MODIS includes 36 spectral 

bands in three specific resolutions of 250 m, 500 m, and 1 Km). Bands 13 and 14 contain two 

channel sets: one for the upper gain and the other for the lower gain. Detectors of various bands 

are arranged with 81 data channels (29 bands with the resolution of 1 Km, 4 x 5 bands with the 

resolution of 500 m and 2x 16 with the resolution of 250 m). Number 5 indicates that there are 5 

IFOVs per package. 

Reading MODIS Pixel 

1354 pixels exist along the length and 10 IFOVs across each survey path. The band with a 

resolution of 1km has 1 sample. The band with the resolution of 500 km has 4 samples and the 

one with the resolution of 250 km has 16 samples. One pixel is sent in two packets per day, the 

first packet contains IFOVs from 1 to 5 and the second packet contains IFOVs from 6 to 10. 

Each IFOV has 36 bands. In each band, the pixels are reread with the process shown below. 

Findings  
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Designing the proposed link to receive MODIS data 

Designing the link in RF and IF bands 

Design of Satellite Orbital Mechanics in STK Software 

We will first create a satellite in a new project for this purpose. Attempts have been made 

to specify the physical circuitry of the satellite, including the features of the Aqua and Terra sat-

ellites. The orbital altitude is 708 km and the inclination angle is 99 mm and the ground station 

has the coordinates of Tehran (35.6892 ° N, 51.3890 ° E). For the ground station, we have con-

sidered a 2.4-meter antenna with 60% efficiency, and for the satellite, the value of EIRP is equal 

to that of the Aqua satellite, i.e. 2.27 w, which is the budget response of the link in STK soft-

ware. From the Access section and by pressing the Report option, in the best scenario, about 10 

minutes is considered on the ground station, and the desired BER has an acceptable error (≥e -

04). 

 

Figure 1 – Ground station and satellite in 2-d view 

 

Figure 2 – Ground station and satellite in 3-d view 

Elements considered in the signal reception chain 

Antenna 

The first element of the antenna receiver chain is that in this study we have considered a 

parabolic antenna with a diameter of 2.4 m and an efficiency of 60%, the gain of which is calcu-

lated as follows: 

 

 D = 2.4 m  

𝐺 = 𝜂(
𝜋𝐷

𝜆
)2 λ = 0.0366  G = 44.1 dB 

 η = 0.60 
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LNA and Downconverter: Also, the LNA considered in this study has a 40dB gain rate and 

a noise value of 0.7, and the Downconverter used has a 12 dB gain rate, and the datasheets of the 

equivalent parts are attached. 

Link budget calculation 

To calculate the link budget, we have created an application in MatLab that calculates all 

the parameters of the link only by satellite angle relative to the horizon. 

It also gives us an important BER chart relative to Eb/No, known as the waterfall chart. 

 

Figure 3 – Waterfall chart of BER satellite 

Another visual output of this program is the ratio of the distance of the satellite to the 

ground station at different angles of the satellite relative to the horizon. 

 

Figure 4 – Diagram of the ratio of satellite distance and angle of the horizon 

The third output diagram for this application is the Eb/No ratio for the different diameters 

of the ground station antenna. 

Analysis of signal baseband and PDS extraction from raw data 

After obtaining the raw bits strings of 0 and 1 at the output of the demodulator, we must break 

the step-by-step protocol to extract the zero-level data to reach the 36 MODIS measuring spectra. 

PDS template extraction program in MatLab 

For this purpose, we have designed an application in MatLab. The input of this application 

is raw data in .dat format and displays the PDS file at the output. 

We use the RT-STPS open-source program in the JAVA platform for blind data, in which 

most of the packets are broken or repeatedly lost. We used the RT-STPS open-source application 

which performs well in extracting PDS from blind data. 

Then you need to turn on the application server because this application is real-time and 

can extract PDS online. 
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Figure 5 – CMID window for entering the various commands in RT-STPS 

After turning on the server, the VIEWER must be activated. In this window, the appropri-

ate configuration settings will be selected for different satellites and the output and status of the 

frames will be observable. 

C:\Users\drl\rt-stps> bin\viewer.bat 

In this window, by selecting the Load option, you can select the type of satellite, and then 

by clicking the Go option, the window will be in the standby state and the word Ready will be 

seen in green at the bottom of the window. 

Then with the command  

C:\Users\drl\rt-stps> bin\sender.bat 

and when the SENDER window appears, we can enter the satellite data file in the File sec-

tion so that the software can start working. 

Then, by clicking on the GO option, packages and frames are extracted and the software 

output is saved in the desired PDS format. The process of this step is shown in the figure below. 

 

Figure 6 – RT-STPS software performance when entering raw data files 

Which gives the following output for the existing test file: 

 

Figure – RT-STPS software output for Aqua satellite test data 

Comparing Figs. 6 and 7, we observe that these two image outputs are similar. 
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Conclusion 

Due to the importance of the data sent by EOS systems, one of the most important of which 

is the MODIS sensor with its ability in the direct transmission, by providing various software 

packages, we were able to establish a suitable RF and IF link and achieve the intended BER.  

Then, in the baseband, with the knowledge of CCSDS protocol, we reduced the raw data to 

zero or PDS using RT-STPS and MatLab applications and succeeded in separating all 36 spectral 

bands at this level, which were prepared and sent by MODIS, to extract the data we required. 

Given that the application proposed in this study only accepts standard data as input and 

extracts PDS format, it is possible to develop an application for future research that can accept 

unsynchronized data as input and can extract zero level data. 
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ABSTRACT 

Multi-effect desalination systems that work by evaporation processes are one of the main methods for 

water desalination. Since these systems consume high levels of energy, it is necessary to explore and find the 

optimal parameters. In this study, by examining different conditions and variations in different parameters, it 

was tried to improve the performance of desalination systems. Many parameters were examined and the value 

of parameters such as productivity ratio and ambient temperature were calculated and compared.  The 

parameters and their impacts on water desalination systems were analyzed in diverse climates. It was found 

that systems performance is improved by determining specific parameters in winter while it is diminished with 

increasing the temperature of the first effect steam. 

Keywords: desalination system; multi-effect; evaporative processes. 

Introduction 

Scarcity of drinking water has caused severe problems in arid regions of the world where 

freshwater is becoming an expensive and rare resource. Today, clean drinking water is a critical 

http://www.nasa.gov/
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international health issue. These areas are confronting growing groundwater salinity and scat-

tered rainfall. The increasing population of the world along with the expansion of industrial and 

agricultural activities has depleted and polluted fresh water resources. 

Sun et al. (2019) in a paper entitled “Pilot studies on synergetic impacts of energy utiliza-

tion in hybrid desalination system: Multi-effect distillation and absorption cycle (MED-AD)” 

stated that the combination of desalination processes is one of the most promising technologies 

to overcome the current limited technologies and at the same time to maximize the benefits of 

one-state processes in practice. In addition, the MED-AD hybrid process captures energy from 

ambient temperatures below 30 ° C to run desalination. The energy utilized from both thermal 

evaporation in all operating conditions and individual impacts were invented for the analysis of 

hybridization thermodynamic energy [1]. 

Alhotmani et al. (2020) presented a paper entitled “Optimization of multi-effect distillation 

based desalination system for minimum production cost for freshwater via repetitive simulation”. 

Scarcity of freshwater resources is a global problem that needs to be addressed quickly. Alhotmani 

et al applied a mathematical model that includes cost correlation. They used gPROMS model to 

perform an extensive simulation. The results showed that the lowest cost for producing freshwater 

can be achieved with the optimal number for specific operating conditions [2]. 

Aroussy et al. (2020) in a paper entitled “Thermo-economic simulation and analysis of a 

solar thermal cycle combined with two desalination processes by multi-effect distillation 

(MED)” analyzed and economically thermally evaluated two desalination systems along with a 

solar energy cycle, MED-PF and MED-PF-TVC. In the second method, the generated heat ener-

gy is transferred to the MED-PF-TVC steam outlet. This comparison is done by distilled product 

of 5000m3 per day. Reduction of consumption and specific energy costs is possible due to the 

decreased compression ratio and increased number of operators [3]. 

Al-Obaidi et al. (2019) in a study entitled “Cost evaluation and optimization of hybrid mul-

ti-effect distillation and reverse osmosis system for seawater desalination” explored the effect of 

operational parameters on the cost of producing freshwater via hybrid multiple-effect distillation 

system (MED) and Reverse Osmosis (RO). Then, the hybrid process model is targeted in a sin-

gle-target non-linear optimization framework to minimize freshwater production cost by finding 

the optimal values of the operating conditions [4]. 

Statement of the problem 

According to the literature review, it is clear that the issue of desalination of sea and ocean 

water is now considered by most countries. Multi-effect thermal desalination systems for desali-

nation of seawater is one of the methods for producing fresh water in areas suffering from scarci-

ty of agricultural or industrial drinking water.  

Steam from the boiler with a temperature between 70 to 90 degrees Celsius enters the pipes 

in the first effect and exchanges heat with saline water that is sprayed from above the effect. Due 

to the low pressure inside the first effect, some sea water evaporates after the heat exchange with 

the hot steam pipe and enters the second effect pipes after passing through the dropper plates. 

The rest of the water that cannot evaporate collects at the bottom of the effect. 

In this research, changes in input parameters (temperature, pressure, flow) are sent to Excel 

and their diagrams are drawn. Then, the results are compared with the device instructions at dif-

ferent times regarding the weather conditions. Also, parameters effects and performance in the 

output efficiency are examined according to the amount of the purified water. The purpose of 

this study is to develop a new guideline to increase the efficiency of desalination plant (Bandar 

Abbas refinery) considering the seasonal weather conditions of the region (Bandar Abbas). 
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Modeling 

According to the thermodynamics law, the mathematical model of thermocompressor, ef-

fects, condenser and desuperheater are presented by applying mass and energy laws. Input pa-

rameters include water temperature of the first and last operator, feed water temperature, saline 

water concentration, temperature, steam flow, etc. The temperature difference between the op-

erators is assumed to be constant (Equation (1)). 

     (1) 

Ts is the boiling point of steam, Tf represents the temperature of the feed water, and n is the 

number of steps. The heating steam temperature is shown in Equation 2: 

     (2) 

The first effect occurs where the main LP steam enters from the thermocompressor and the 

temperature exchange takes place within the evaporator inserted inside it. 

The equations in Effect 1 are presented below. 

Equations in Effect 1 

The surface of distilled water, also known as boiler feed water, can be seen by the local 

fountain. To prevent the feed water from overflowing in this effect, an overflow pipe is inserted 

between the water box and the feed water. The part of the seawater that does not evaporate will 

leave this effect as effluent from the surface of the pipes. 

The equations of this effect include: 

Energy balance 

   (3) 

Ms represents steam discharge, hs represents enthalpy of steam input, hfs is specific enthal-

py of saturated liquid, f1 is the flow of feed water, cp indicates heat capacity, D1 represents out-

put steam discharge and L1 is the latent heat. 

Mass balance, which represents the total discharge of steam produced and effluent dis-

charge 

      (4) 

B1 represents the effluent discharge and D1 indicates the generated steam discharge. 

Heat transfer level 

     (5) 

U represents the heat transfer coefficient. 

In the next step, the equations in effect 2 will be presented. 

2-3 Effect 2 equations  

Two sets of pipes are used in this effect. The steam produced in the first effect will enter 

the second effect after leaving through the inlet pipes. 

The relevant equations are as follows: 

   (6) 

D1 represents the discharged of steam produced in the first effect, f2 indicates the flow of 

feed water, cp is the heat capacity, D2 is the discharge of steam produced and L2 is the latent 

heat. 

5- Mass balance, which represents the total discharge of steam produced and discharge of 

effluent. 
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      (7) 

Bi represents the effluent flow rate and Di is the steam discharge. 

6- Heat transfer level 

      (8) 

U represents the heat transfer coefficient. 

Equations in effects 3 to 5 are the same, which are presented as the following:  

Equations in effect 3-5 

The equations of this effect include: 

Energy balance 

   (9) 

d represents the vapor discharge produced from sudden evaporation. 

Mass balance, which represents the total discharge of the steam produced and discharge of 

effluent. 

     (10) 

3- Heat transfer level 

     (11) 

U represents the heat transfer coefficient. 

Condenser equations 

Energy balance equation 

    (12) 

Mc represents the steam discharge, Msw is the inlet water flow, Ln is the latent steam heat, 

Tf indicates the feed water flow, cp is the heat capacity, D1 represents generated steam flow and 

L1 is the latent heat. 

Heat transfer level 

     (13) 

LMTC represents the mean temperature difference. 

System function 

Here, the components of system performance, which include the efficiency ratio, heat 

transfer level and heat performance ratio, will be examined: 

Productivity ratio 

Productivity ratio (the ratio of water produced to stimulus vapor) is one of the main param-

eters for investigating the thermal performance of desalination processes. 

      (15) 

Md represents the water produced and Ms indicates the stimulus vapor. 

Heat transfer level is another parameter of system function that will be described below: 
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Heat transfer level 

Heat transfer level is calculated by the reverse ratio of the total produced freshwater to the 

total heat of the effects and the condenser. 

Discussion  

After modeling and receiving real data, a comparison is conducted for the actual infor-

mation of winter and summer. Tables 1 and 2 display the required input data for winter and 

summer. The input values of the real data for the desalination plant operating conditions in dif-

ferent situations are displayed in the tables. 

  

23 

100 

3.67 

73 

39 

189 

830 

26 

64 

  

34 

100 

3.67 

73 

39 

189 

830 

34 

64 

MATLAB environment was used to model this process for winter and summer data. 

In Table 3, the seawater temperature (23 ° C) acts as the desalination input data. In the 

coldest state, the sea water is 23 ° C in winter. The temperature 23 ° C is considered as the model 

input in the table displaying discharge variations. 
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Figure 2 illustrates variations as a graph: 

 

Figure 2 – Different values of feed water flow 

Variations of the feed steam flow are shown in Figure 3 and Table 4, which are used as 

model inputs: 
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Figure 3 – Variations of feed steam flow 

The flow of freshwater produced is shown in Figure 4 and the quantities of the actual and 

modeled freshwater are comparable. As it is clear, as the water flow increases, more fresh water 

is produced. 

 
Figure 4 – Different flow values for the water produced in the model and the real water 

The temperature of the different effects is shown in Figure 5. As the feed steam increases, 

the inlet energy and the temperature will raise in the 5 effects. 

 

Figure 5 – Different values of effect temperatures in the model and real data   
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Figure 6 illustrates thermal performance ratio: 

 
Figure 6 – Thermal performance ratio in the model and real data 

The other case is considered for summer when the water temperature is 34 ° C which is 

taken as the model input in the flow variations table.  

 

 

 

 

 

 

 

Figure 7 shows these variations as a graph: 

 
Figure 7 – Different values of feed water discharge 

Figure 8 and Table 9 display variations of the feed steam flow which are used as the model inputs. 
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Figure 8 – Variations in feed steam flow 

The modeling is done based on the data determined in the previous diagrams. Figure 9 

illustrates the flow of the produced freshwater.  

 
Figure 9 – Different values of discharge for the water produced in the model and real water 

Figure 10 illustrates the temperature of the different effects. The temperature of the 5 ef-

fects is comparable between the real mode and the model. As the feed steam increases, the inlet 

energy and the temperature do increase in the 5 effects. 



ТЕХНИЧЕСКИЕ НАУКИ 
  
 

90 | ФУНДАМЕНТАЛЬНЫЕ И ПРИКЛАДНЫЕ ИССЛЕДОВАНИЯ В СОВРЕМЕННОМ МИРЕ 

 
Figure 10 – Different values of effect temperature in the model and the real data  

The thermal performance ratio is shown in Figure 11: 

 
Figure 11 – Thermal performance ratios for the model and the real data 

The changes caused by variations in the flow of feed water are examined at this stage. 

Figure 4-7 illustrate feed water flow variations. 

 
Figure 12 – Variations in feed water flow rate 

Figure 13 shows the diagram of the flow rate for the produced freshwater. 



ENGINEERING SCIENCE 
  
 

МАТЕРИАЛЫ XXIX МЕЖДУНАРОДНОЙ НАУЧНО-ПРАКТИЧЕСКОЙ КОНФЕРЕНЦИИ |91 

 
Figure 13 – Flow rate of the produced freshwater  

The overall simulation results are shown in Table 7, Figure 14, and Figure 15, taking into 

account the parameters. 

     

     

     

 
Figure 14 – Comparative results for productivity ratio 

 
Figure15 – Comparative results for the produced freshwater 

Conclusion  

A multi-effect desalination system was examined and modeled in this study. In addition, 
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the effects of different parameters on the system were addressed by considering the weather con-

ditions in the critical seasons of the year, i.e. winter and summer. These parameters included the 

effects of discharge variations, the effects of temperature changes in the first effect, feed steam 

flow, and so on. Evaluation and validation were carried out in the previous chapter. Moreover, it 

was concluded that in winter, productivity can be increased at a higher rate than in summer. The 

results show that if the amount of heat in the first effect increases, productivity will decrease. 

Based on these results, the right decisions can be made for processing. 

In the modeling conducted in this study, it is possible to obtain the results that cannot be at-

tained due to the sensitivity of desalination systems refineries. 
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ABSTRACT 

Dams account for a large part of the investment related to basic infrastructures. Due to increasing safety 

factor in the project is proportionally followed by an upward increase in costs, it is essential to ensure dams’ 

stability in all stages of designing, implementation and commissioning. In the case study of Sural Dam, the 

performance of instrumentation used in this dam was investigated. For this, the behavior of the dam was 

investigated by reviewing the documents and technical reports of dam construction as well as the theoretical 

behavior from numerical analysis and the actual behavior resulting from reading instrumentation as well as 

comparing those findings. To investigate the distribution conditions of displacement, stress and water pressure 

in the Sural Dam body, such instrumentation including leakage indicator, electric pressure cell and electrical 

piezometers was used. To analyze the stress-deformation of the Sural Dam in the final stage of construction 

and (water) intake, the analysis was done using FLAC 3D software and via solving both deformation and 

water flow. The behavioral model applied is the full Elastoplast model with the Mohr-Coulomb rupture cap. 

After completing the analysis of the final stage of construction, the values of displacement, stress and pore 

water pressure obtained from the analyses were compared with the values recorded from instrumentation of the 

Sural Dam with the efficiency of numerical modeling in predicting the behavior of the dam being examined. 

Keywords: embankment dam; arching phenomenon; leakage indicator; mohr-coulomb rupture. 
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Introduction 

Dams are significant structures in terms of economic, social and political aspects; Iran has 

long been among the dam-building countries and now, there are >40 dams under operation, >35 

dams under construction, and >30 dams under study [1]. 

Many of the dams have been constructed upstream of rural areas or densely populated cit-

ies which will lead to irreparable losses if safety measures are not observed. The heterogeneity 

and unpredictability of the complete rock mass in nature as well as mistakes or insufficient hu-

man attention in designing, implementing and operating the dams have caused adverse conse-

quences. Therefore, one should make use of experiences in similar cases and the behavior of the 

dam during operation to the maximum level in all stages of design, implementation and opera-

tion. 

Large dams have accounted for about 18,000 casualties and severe economic damage over 

the past hundred years. A great number of dams across the world will entail catastrophic and ir-

reparable consequences if they break apart.  

The effective factors in dam failure can be classified as follows: 

 Hydrology: The incidence of unexpected flooding more than the discharge capacity of 

overflows and other dam outlets. 

 Geotechnical: Inadequate foundations and walls of dams and reservoirs, both in terms 

of strength and stability. 

 Construction materials: Specifications of construction materials, including strength, 

permeability, erosion. 

 Launching the dam: Failure to comply with design and implementation criteria. 

 Operation (commissioning): Failure to comply with water intake and operation criteria. 

By reviewing the rainfall and flooding statistics in the area where the dam is constructed, one 

can calculate the maximum likely flood rate for designing via updated statistical methods, thereby 

increasing the overflow capacity using modern technologies. Performng continuous behavior meas-

urement of the dam is essential to prevent its failing. For this, one can predict the cause of instability 

and take necessary measures to counter it. Phenomena that are likely to erode, weaken, and destroy 

the dam can be recognized and avoided before happening, or their impact can be reduced using be-

havioral results and surveying an instrumental data change trend [1-5]. 

In a dam, validation of the analyses is performed on three parameters: subsidence, pore wa-

ter pressure, and water stress [6]. 

Materials and methods: 

Geographical location of Sural Dam  

Sural Dam is situated in Kurdistan province, between Qorveh and Dehgolan cities and was 

completed in 2014. The length, width, and height of the dam are 250, 7, and 41 meters, respec-

tively. The volume of the dam reservoir is 10 million m
3
 and the maximum usable water volume 

is 7.5 million m
3
. 

This dam is situated in the geographical position (38S 701359.094m E 3893608.64m N). 

This dam is of earth type and composed of rocks (Figure 1). 
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Figure 1 – 3D view of earth Sural dam using google earth software 

Numerical model 

In this research, FLAC 3D software was used to numerically model the construction and 

intake period of the earth Sural Dam [7]. Besides, embankment modeling was done in form of 

layers to increase the accuracy of the layers (Figure 2).  

 

Figure 2 – Geometry of the model and meshed network used in numerical analysis 

Material features  

To determine the strength parameters of body and foundation materials, three-axial tests, per-

meability and density experiments were performed and the values of the parameters were derived. 

This experiment was done under different lateral pressures. Then, the Mohr circles govern-

ing each of the experiments were drawn in a coordinate system and the criterion of these circles 

was specified. The slope of this line was the angle of soil's internal friction and the intercept was 

the soil adhesion. This experiment was also based on Mohr-Coulomb theory, with the difference 

being this experiment was very similar to the behavior of the soil in place and rupture occurred at 

the weakest level.  

The all-out pressure represents the lateral soil pressure at its actual location and is usually 

chosen to equal to the approximate value of K0γz, where K0 is the coefficient of the lateral soil 

pressure under a stagnant condition and γ is the specified soil element with z being the element 

depth in this experiment. [8] Large-scale experimentation was made possible for coarse-grained 

materials. Table 1 shows the specifications of the materials that constitute the body and the 

foundation. 
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Loading  

To control the way pore water pressure and stress are distributed in the body of the dam 

and also to compare these values with the instruments installed, a history of changes to these pa-

rameters in parts of the body where the instrument is installed was reviewed during the embank-

ment process along with water flow solution. Numerical modeling was also performed under full 

reservoir conditions along with loading water on the slope of upstream dam (1:1.5) and the effect 

of dam intake on displacement, stress, pore water pressure, etc. was investigated. 

Results 

Investigating the effect of elastic modulus on modeling results 

The sensitivity of dam stress-deformation changes was investigated in proportion to the 

elastic modulus parameter. For this, in addition to the initial elastic modulus of the core material 

(18MPa), modeling the final construction stage was done and with the elastic modulus of the 

core material equal to 10, 15, and 25 MPa (Figure 3). 

As seen in Figures 4a to 4d, as the elastic modulus increases, the vertical displacement val-

ues decrease, and pore water pressure declines. Moreover, the values of stress and horizontal 

displacement have slightly increased as elasticity modulus has increased. The obtained results 

indicated the effect of the elasticity modulus parameter on the results obtained from modeling.  

 

Figure 3 – Distribution of vertical displacement in the body and foundation of the dam at the end of 

construction with an elastic modulus of the core equal to 25 MPa 
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Figure 4 – Changes in a) horizontal displacement, b) vertical stress, c) pore water pressure, and d) 

vertical displacement, relative to changes in the elastic modulus of clay core 

Changes to the figures  

The water force causes displacement in the body and after some time, it finally reaches a 

stable mode (Figure 5a). The displacement distribution pattern has fully changed since the con-

struction ended, and the upstream water force has had a significant effect on the displacement of 

the body (Figure 5b). The maximum overall displacement is 17cm and the water force on up-

stream causes different parts of the dam to move downstream and upstream. After a long time, 

no unusual and localized deformations are seen in the body of the dam, indicating the absence of 

rupture in the body. 

 

Figure 5 – a) Vertical and b) Horizontal displacement changes in the lower part of the clay core 

during the reservoir phase 
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Stress distribution 

Increasing water to the final level increases the force on the upper crust of the dam and this 

changes the stress distribution in the body. The stress values σzz, σxx and σyy were 620, 350, 

and 370, respectively (Figure 6a). 

 

Figure 6 – Distribution of a) vertical stress (Szz), vertical stress (Sxx),  and c) vertical stress (Syy) in 

the body and foundation in the full tank stage 

Porous water pressure distribution 

After dam intake and gradual rise of the water level, the values of pore water pressure in 

the dam body vary. This change persists until conditions are stabilized and when the initial water 

pressure in the dam body is made proportional to the reservoir water level. 

The water pressure in the body is fully balanced with the water reaching the core of the 

dam after passing through the upstream crust and is made permeable with a decline in the type of 

the material. In the end, it is removed from the lower part of the core (Figure 7). 

 

Figure 7 – Distribution of pore water pressure in the body and the foundation at the full tank stage 
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Comparison of modeling results and reading of instrumentation at the end of con-

struction stage  

The maximum subsidence levels measured at the embankment center and modeling were 

37cm and 39.2cm, respectively, (discrepancy of 6%), indicating the appropriate consistency of 

modeling and instrumentation results, as well as the ability of numerical modeling to calculate 

displacement values in the body and foundation (Figure 8). 

 

Figure 8 – Values measured by instrumentation and calculated based on numerical modeling 

The measured values differ from the calculated stress values and the theoretical stress be-

cause of the soil weight (Figures 9 & 10).  

 

Figure 9 – Stress values measured by instrumentation and calculated based on numerical modeling 
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Figure 10 – Theoretical stress and stresses measured by EPC2 stress gauge 

 

Red graph: theoretical stress; blue graph: stress read from the instrument 

The numerical modeling predicts the arching levels of 0.8 in the dam core; however, the 

measured value fluctuates between 0.3 and 0.8. This interval is high for materials of the same 

type and instruments. The values of arching calculated numerically suggest the proper distribu-

tion of stress in the body of the Sural dam (Figure 11). 

 

Figure 11 – Arching coefficient values measured by instrumentation and calculated from numerical 

modeling 

The maximum level of pore water pressure in the dam core and that calculated in the mod-

eling were 95.28 and 90, respectively. Appropriate consistency of values and position of the 

maximum water pressure suggests a proper modeling capacity to calculate the pore water pres-

sure in the dam core. However, in the lateral areas of the core and in the adjacency of the upper 

and lower filters, the measured pore water pressure values are less than the calculated values 

(Figure 12).  
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Figure 12 – Values of pore water pressure measured by instrumentation and calculated based on 

numerical modeling 

Conclusion: 

A comparison of numerical modeling and instrumentation results suggests the strengths 

and weaknesses of the behavioral model used in numerical modeling to accurately predict the 

values of stress and displacement and pore water pressure in the body and foundation. It is also 

likely to compare the impacts of stress and displacement during construction and intake changes 

and the effects of dam intake on these parameters. Hence, numerical modeling was done for the 

construction stage and the results were compared with the measured instrument values. The val-

ues of the pore water pressure were read from the piezometer, the subsidence from the subsid-

ence-gauge and the stresses from the pressure cells installed on the dam body. In addition to 

comparing the results with the values recorded by instrumentation by changing the elastic modu-

lus parameter, the core materials sensitive to the stress, displacement and pore water pressure to 

changes in this parameter were investigated. The findings revealed that: 

1- The results numerical analysis and instrumentation are different from each other, which 

has created doubts about whether the instrument is accurate. 

2- The Numerical analyses suggest the proper stability of the Sural Dam in the final stage. 

3- The numerical analysis has an appropriate ability to calculate the behavioral parameters 

of the Sural Dam. 

4- Changes in the elasticity modulus on the values of displacement, stress and pore water 

suggested that the behavior of the dam was highly dependent on this parameter. 

5- By changing the elasticity modulus from 18 to 25 MPa, the values of vertical displace-

ment decreased from 537 to 337 mm, indicating a drop of 37%. 

6- By changing the elasticity modulus from 18 to 25 MPa, the values of the pore water 

pressure decreased from 53.2 to 28.3 kPa, denoting a decline of 46%. 

7- By changing the elasticity modulus from 18 to 25 MPa, the values of vertical stress 

(Szz) increased from 306 to 342 kPa, suggesting an increase of 12%. 

8- By changing the elasticity modulus from 18 to 25 MPa, the horizontal displacement val-

ues increased from 80 to 85 mm, implying an increase of 6%. 

9- Increased water level has significant impacts in the dam reservoir on displacements and 

stress distribution.  
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10- As the water level increases, the dam moves downstream and up to the upper level, so 

that the values of vertical displacement for the full reservoir stage equaled 5 and 8cm. 

11- The horizontal displacement values for the full tank stage were 3.42 and 16.8 cm. 

12- As time passes and water penetrates the dam body, the values of pore water pressure 

varies and water reaches the dam core upon entering the crust, and then it faces a drop due to low 

permeability of the core.  

13. the Sural Dam has proper stability in the semi-full reservoir stage. 
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ABSTRACT 

In this study, Half Car Vehicle Suspension System has been studied for the first time with emphasis on 

the non-linear behavior of components, especially springs. First, the modeling of a quarter-car suspension is 

done linearly, and then, the equations of a quarter-car suspension are obtained nonlinearly through nonlinear 

behavior. Nonlinear equations were obtained for Half Car Vehicle Suspension System, considering Half-Car 

Vehicle Suspension System consisted of two quarter suspension systems, where the mass of the car is the same 

in both, and also the difference in position between the two quarter suspension systems creates an angle 

between the mass of the car and the road surface called θ. Then, the nonlinear model was simulated in 

MATLAB software. The PID controller was then designed for this system. This controller was able to control 

the system. 

Keywords: vehicle suspension system; nonlinear modeling; half car vehicle suspension system; 4-

degree-of-freedom system. 
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1. Introduction 

The vehicle suspension system is used to reduce or eliminate vibrations caused by road 

surface roughness, so that the travel comfort standard is at the desired level. No matter how 

smooth a road is, a suspension is still needed to reduce bumps, shakes and vibrations caused by 

road conditions. In addition, a car must be flexible and able to withstand changing loads and 

changing the center of gravity. In addition to repelling shocks and preventing the car from devi-

ating and turning left, the suspension system has other capabilities such as keeping the wheel ad-

justment in the correct position, keeping the car height at a constant level, supporting the car 

weight and adjusting its distribution, keeping the tires in contact with the road etc. [1] The sus-

pension system has many components, but its main components are springs and shock absorbers 

[2]. Suspension systems have evolved over time. Initially, the car's suspension was built using 

inactive elements. These inactive elements are the same spring and shock absorbers that store 

and waste energy, respectively. But many years after the first passive suspension was introduced, 

the use of these elements in the construction of car suspension is still common for economic rea-

sons. But the performance of inactive suspension systems in cars is not very good because the 

performance of these systems is limited. In these systems, it is very difficult to meet incompati-

ble demands. In particular, in order to achieve optimal suspension performance, the main modes 

of vehicle dynamics that affect mobility and comfort must have certain natural frequencies and 

damping. Some examples of these modes are; Vertical displacement (jump), rotating around 

the transverse axis and rotating around the longitudinal axis [3]. 

 Many studies have been conducted on linear modeling of the suspension. Due to the fact 

that linear models are less complex than nonlinear models, they have been studied more. Obvi-

ously, nonlinear models are much closer to reality. Yahya et al. [4] modeled the quarter-car sus-

pension linearly. Then, they designed LQR controller and PI sliding-mode for their model and 

compared the two controllers with each other and showed better result of PI sliding-mode. Kuma 

et al. [5] built a laboratory sample of a quarter-car suspension and mathematically modeled it. 

Then, they designed three controllers P, PI and PID for the modeled system. Comparing the three 

controllers showed that the PID controller gives a better result. Darus and Sa [6] modeled the 

complete suspension of the car with seven degrees of freedom, including the difference between 

the mass position of the car body and the mass of the suspension of each wheel and the rotation 

around the transverse, longitudinal and vertical axes. After simulating the model obtained in 

MATLAB software, LQR controllers designed to differentiate the position of the car body mass 

with the mass of the suspension of each wheel. Demir et al. [7] modeled the half car suspension 

using only nonlinear springs. Then they designed PID and fuzzy controllers for it. Avish et al. [8] 

modeled the half car suspension linearly and obtained its parameters from a real system. Then, 

after simulating it in MATLAB software, they designed a PID controller for it. Mitra et al. [9] 

modeled the complete vehicle suspension system with linear equations. They also modeled the 

road surface. Then, by simulating the models obtained in MATLAB software, they tested the car 

suspension system with different dampers and springs at different speeds. They assumed the 

spring constant to be 55,000 and the damping constant to be 1000. Sandy et al. [10] modeled the 

quarter-car suspension at BMW car. This sample works with an electric damper. Then, they de-

signed a robust controller for this system. After converting this controller to the real model, they 

realized that this controller improves the steering of the car by about 40%. Lee et al. [11] de-

signed State feedback controller, Takagi Soguno fuzzy controller, and robust controller, and test-

ed this controller on the half car suspension system by changing the parameters over time. Mora-

di et al. [12] modeled a complete vehicle suspension system through linear equations. They then 

designed a sliding mode controller and a combination of sliding mode with PID for the system. 
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In 2015, Rajsavari et al. [13] modeled the quarter- car suspension linearly. Then, they designed a 

prediction controller that operates in sliding mode in order to minimize future error with the PSO 

algorithm. They also used a fuzzy controller to eliminate the noise phenomenon. Compared to 

this controller with sliding mode controller and fuzzy slip mode controller, this controller had a 

better performance. In 2016, Yen et al. [14] designed a network suspension system to control 

half car suspension by designing a robust network controller. Each wheel had different parame-

ters and different delays. This new controller was able to control the system optimally. In the 

same year, Sezgin et al. [15] modeled the quarter-car suspension linearly. Then, they designed a 

sliding mode controller considering the system delay for this system, after simulating it in 

MATLAB. In 2017, Saras Watt and Tiwari [16] introduced an electric damper that works with 

coils and magnets instead of mechanical dampers. They modeled the system with linear and non-

linear models and compared the results with real data. They showed that the results of the non-

linear model are much more accurate than the linear model and are more consistent with real da-

ta. According to the studies, it can be concluded that the nonlinear model of half car vehicle me-

chanical suspension system has not been studied before and most of the researches have focused 

on the linear model and controller design for this model. 

1- Modeling of Quarter-Car Suspension System 

In most studies, the controller is designed for a quarter car system in which there are only 

two degrees of freedom, one related to the movement of the wheel and the other to the move-

ment of the car body. According to some ideas, springs and shock absorbers are to assumed be 

linear for comfort. A view of the quarter-car model is shown in Figure (1). 

 

Figure 1 - Quarter – Car Suspension System 

According to Figure (1) and Newton's law, the linear equations governing the system are as 

follows: 

𝑀1�̈�1 =  −𝑏1(�̇�1 − �̇�2) − 𝑘1(𝑥1 − 𝑥2) + 𝑈                                                    (1) 

𝑀2�̈�2 =  𝑏1(�̇�1 − �̇�2) + 𝑘1(𝑥1 − 𝑥2) +  𝑏2(�̇� − �̇�2) +  𝑘2(𝑤 − 𝑥2) − 𝑈            (2) 
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According to Figure (1), 𝑀1 indicates the mass of the car, 𝑀2 indicates the mass of the 

suspension, 𝑏2  is constant damping of the suspension, 𝑘2 is spring of the suspension, 𝑏1 is con-

stant damping of the suspension and the body vehicle, 𝑘1 is constant spring of the suspension 

and the body vehicle, U is the control force and W indicates road disturbances. 

According to reference [17], nonlinear spring equations are used as follows to make the 

system more similar to the real suspension system: 

𝐹(𝑥) =  𝑘1 × 𝑥 +  𝐾2 × 𝑥3                                             (3) 

As a result, the nonlinear equation governing the system is written as follows: 

𝑀1�̈�1 =  −𝑏1(�̇�1 − �̇�2) − 𝑘1(𝑥1 − 𝑥2) +  𝑘12(𝑥1 − 𝑥2)3 + 𝑈 

𝑀2�̈�2 =  𝑏1(�̇�1 − �̇�2) + 𝑘1(𝑥1 − 𝑥2) +  𝑘12(𝑥1 − 𝑥2)3 + 𝑏2(�̇� − �̇�2) +  𝑘2(𝑤 − 𝑥2) + 

𝑘22(𝑤 − 𝑥2)3 − 𝑈                                                           (4) 

2- Modeling of Half-Car Suspension System 

The half-car suspension system consists of two quarter-car suspension systems; mass of car 

is same in both. Also, the difference in position between the two quarter systems creates an angle 

between the mass of the vehicle and the road surface called θ. An illustration of this system is 

shown in Figure (2). 

 

Figure 2 – Modeling of Half Car Vehicle Suspension System 

The equation is written linearly for �̈�𝑢1and �̈�𝑢2 for the above figure as follows: 

𝑀𝑢1�̈�𝑢1 =  𝑏𝑠1(�̇�𝑠1 − �̇�𝑢1) + 𝑘𝑠1(𝑥𝑠1 − 𝑥𝑢1) − 𝑏𝑡1(�̇�𝑢1 − �̇�𝑡1) −  𝑘𝑡1(𝑥𝑢1 − 𝑥𝑡1)
𝑈

𝑀𝑢1
        (5) 

𝑀𝑢2�̈�𝑢2 =  𝑏𝑠2(�̇�𝑠2 − �̇�𝑢2) + 𝑘𝑠2(𝑥𝑠2 − 𝑥𝑢2) − 𝑏𝑡2(�̇�𝑢2 − �̇�𝑡2) −  𝑘𝑡2(𝑥𝑢2 − 𝑥𝑡2)
𝑈

𝑀𝑢2
          (6) 

Also, the equation for �̈�𝑠 and �̈�𝑠 are linear as follows. 

𝑀𝑠�̈�𝑠 =  𝑏𝑠1(�̇�𝑠1 − �̇�𝑢1) +  𝑘𝑠1(𝑥𝑠1 − 𝑥𝑢1) − 𝑏𝑠2(�̇�𝑠2 − �̇�𝑢2) +  𝑘𝑠2(𝑥𝑠2 − 𝑥𝑢2)                  (7) 
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𝐼𝑠�̈�𝑠 =  𝐼1[𝑏𝑠1(�̇�𝑠1 − �̇�𝑢1) +  𝑘𝑠1(𝑥𝑠1 − 𝑥𝑢1)] − 𝐼2[𝑏𝑠2(�̇�𝑠2 − �̇�𝑢2) − 𝑘𝑠2(𝑥𝑠2 − 𝑥𝑢2)]        (8) 

By adding a nonlinear equation to the spring, the relations are rewritten as follows. 

𝑀𝑢1�̈�𝑢1 =  𝑏𝑠1(�̇�𝑠1 − �̇�𝑢1) + 𝑘𝑠11(𝑥𝑠1 − 𝑥𝑢1) + 𝑘𝑠12(𝑥𝑠1 − 𝑥𝑢1)2  − 𝑏𝑡1(�̇�𝑢1 − �̇�𝑡1) −

 𝑘𝑡11(𝑥𝑢1 − 𝑥𝑡1) + 𝑘𝑡12(𝑥𝑢1 − 𝑥𝑡1)3 𝑈

𝑀𝑢1
                                                                           (9) 

𝑀𝑢2�̈�𝑢2 =  𝑏𝑠2(�̇�𝑠2 − �̇�𝑢2) + 𝑘𝑠21(𝑥𝑠2 − 𝑥𝑢2) + 𝑘𝑠22(𝑥𝑠2 − 𝑥𝑢2)3 − 𝑏𝑡2(�̇�𝑢2 − �̇�𝑡2) −

 𝑘𝑡21(𝑥𝑢2 − 𝑥𝑡2) +  𝑘𝑡22(𝑥𝑢2 − 𝑥𝑡2)3 𝑈

𝑀𝑢2
                                                                         (10) 

𝑀𝑠�̈�𝑠 =  𝑏𝑠1(�̇�𝑠1 − �̇�𝑢1) +  𝑘𝑠11(𝑥𝑠1 − 𝑥𝑢1) +  𝑘𝑠12(𝑥𝑠1 − 𝑥𝑢1)3 + 𝑏𝑠2(�̇�𝑠2 − �̇�𝑢2) +

 𝑘𝑠21(𝑥𝑠2 − 𝑥𝑢2) +  𝑘𝑠22(𝑥𝑠2 − 𝑥𝑢2)3                                                                              (11) 

𝐼𝑠�̈�𝑠 =  𝐼1[𝑏𝑠1(�̇�𝑠1 − �̇�𝑢1) +  𝑘𝑠11(𝑥𝑠1 − 𝑥𝑢1) + 𝑘𝑠12(𝑥𝑠1 − 𝑥𝑢1)3] − 𝐼2[𝑏𝑠2(�̇�𝑠2 − �̇�𝑢2) +

 𝑘𝑠21(𝑥𝑠2 − 𝑥𝑢2) + 𝑘𝑠22(𝑥𝑠2 − 𝑥𝑢2)3 ]                                                                             (12) 

The system parameters used for modeling are shown in Table (1). 
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3- Simulation of Quarter-Car Suspension System  

Simulator functions are used to simulate a half-car vehicle suspension due to the large number 

of equations. To do this, twelve integrals are used to obtain the modes and also two derivatives are 

used to obtain the modes related to road roughness. And by connecting the modes to the input of the 

MATLAB function and taking the accelerations from the output of the MATLAB, it goes into the 

MATLAB function and the codes related to each equation are entered. 

To control the non-interference of the two outputs, the disturbances caused by the road sur-

face assumed to be zero. The second input response is then plotted when the first input is zero 

that shown in Figures (3) and (4), respectively 

 

Figure 3 – Step Response of First Order and Zero Second Order  

Given these two figures, the outputs have no effect on each other and two separated con-

trollers can be designed for each. 

 

Figure 4 – Step Response of Second Order and Zero First Order  

4-PID Controller Designing 
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The controller aims to minimize error by adjusting process control inputs. The PID control-

ler consists of three separate parts named Proportional, Integrative, and Derivative, each one 

takes the error signal as input and finally aggregates their output. In this case, the disturbances of 

the road and other inputs are assumed to be zero. The 𝑇𝑢and 𝐾𝑢for control 𝑢1are 2 and 300,000, 

respectively. The output response of 𝑦1 to the 10 cm step input is as shown in Figure (5). 

 

Figure 5 - Output Response of 𝒚𝟏 to the 10 Cm Step Input 

The values 𝑇𝑢 and 𝐾𝑢 for control 𝐾𝑢are 4 and 1,000,000, respectively. The output response 

of 𝑦2 to the 10 cm step input is as shown in Figure (6). 

 

Figure 6 - Output Response of 𝒚𝟐 to Step Input 

In conclusion, PID controller can control the system. 

5- Conclusion 

In this study, half-car vehicle suspension system was modeled nonlinearly. Then, the non-

linear equations were simulated and implemented in MATLAB software. After simulation of 

suspension system, PID controller was used to control the system. The results show that the PID 

controller can control the system optimally.  
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ABSTRACT 

The need to use technology in the construction industry to increase the speed and quality of construction 

and lightening, to improve resistance to possible earthquakes, to increase useful life of buildings, to optimize 

energy consumption in buildings, to increase engineers science and specialty, to provide the necessary 

familiarity with new materials and technologies, and to repair traditional houses and change them to industrial 

ones are desirable strategies for using these new systems. This study w to introduce new technologies and the 

future of the construction industry also to analyze a wide range of obstacles in the implementation of the 

technologies. The results showed that 23 different key challenges were identified that can stop the successful 

implementation of the process in the construction industry. This research also serves as a baseline study to 

provide future tools to better manage the implementation of BIM technology. 

Keywords: BIM; construction industry; technology implementation; digitalization. 

Introduction 

Since long time ago, construction industry has been affected by cost competition. Due to 

competitive conditions as well as variables such as demographic change, climate conditions and 

international competition, the construction industry in the long run requires numerous innova-

tions and constant adaptation to customer needs. Reconstruction of existing commercial and res-

idential buildings in terms of energy efficiency, time and cost are of the main challenges in the 

construction industry.Given the current conditions, regulations, and the social trends and devel-

opments of the supply and demand sector, innovation in construction requires coordination 

among all of the stakeholders. Development, promotion and implementation of construction 

plans and objectives that vary widely depending on the climate, economic well-being and overall 

market maturity for new and efficient building materials are considered as the prevailing policy 

path to ensure the efficiency of new buildings [1]. Due to rapid economic and population growth 

in many developing countries, there will be a huge increase in work on buildings with new mate-

rials, energy efficiency, and advanced construction coverage in the coming decades. New con-

structions shorten the construction period, reduce financial resources and supervision costs, and 

save time and money. On the other hand, modern modular building construction methods are in-

herently beneficial to less waste production, less exposure to adverse weather conditions, less on-

site disruption, safer construction, flexibility and adaptability. 

BIM 

The purpose of modeling new construction is to support the life cycle of design and con-

struction with high quality, efficiency, safety and in accordance with sustainable development 

[2]. This process results in a building information model, which is a small display of the con-

structed structure in the three-dimensional environment, including all disciplinary designs, the 

life cycle, and product information. BIM models are used throughout the life of buildings or con-

structions, from the initial design to the continued use and management of facilities after the 

completion of the construction project [3]. The BIM maturity model describes the levels of ma-

turity according to the ability of the construction supply chain to use and exchange information. 

According to Figure 1, the levels vary from 0 to 4. The first level project is a two-dimensional 

drawing, not managed with computer-assisted design. However, all types of the data is managed 
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through integrated BIM models. The data includes construction sequencing, cost information, 

and finally project life cycle information. 

 
Figure 1 – Maturity model [4] 

According to the research background and due to the general requirements of BIM, this 

study is to discuss the problems of implementing new technologies for BIM-based design and 

project delivery. The purpose is to clarify the reality and complexity of technology implementa-

tion in the form of a basic study that engineering consulting companies are currently facing. The 

ultimate goal is to develop tools to better manage deployment processes. The practical scope of 

this research includes the collection and analysis of all experienced concerns and challenges re-

lated to the implementation of BIM technology. 

Challenges in implementing new technologies 

Due to the nature of BIM, new technologies are expected to realize the true potential of 

BIM. The current technologies have already been capable to produce acceptable BIM models, 

manage the process, and meet rapidly growing expectations. However, it is not clear whether an-

yone can do this. Fortunately, there are many levels of BIM and to work on a BIM project each 

stakeholder must provide the same agreed level [5]. 

Future technologies for the construction industry 

Today, building information modeling has many applications in the construction industry. 

This technology might help design, construct, operate and even destroy a building by disclosing 

its details and characteristics of the building as well as the manager and stakeholders of a project 

for a correct and principled decision. 

The use of technologies such as BIM, in addition to increasing the accuracy of the con-

struction process and reducing ancillary costs, can prevent the imposition of additional costs 

caused by engineering errors and help construction executives [6]. 

3D printers in the construction industry 

The advantages include freedom of action to implement various architectural designs, in-

creased construction speed, less construction cost, no need for skilled workers, and better quality 

control. However, the use of concrete in 3D printers as the main material is the most serious chal-

lenge. The concrete must be smooth enough to run through the 3D printer nozzle, while maintain-

ing its shape without molding in approximately 2.5 cm layers. In addition, the initial setting of 

concrete should be done at a speed that the implementation of the next layer does not deform the 

substrate. Otherwise, we have to wait a considerable time for the initial setting of each layer, which 

significantly reduces the speed of constructing. Researchers suggest two main solutions to deal 

with the challenges of 3D printing: to use concrete additives that make the initial setting of the 

concrete acceptable for 3D printing, and to place a heat gun on the head of the concrete nozzle, 

which, by printing each layer, lets the poured concrete to set quickly [7]. 
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Drones in the construction industry 

Photographing or mapping a building via drones is a great idea. Drones can assist with 

great accuracy in imaging the construction site of a building from the initial stages and before the 

start of construction to the final stages of work. It also helps to photograph the environment.In 

addition to three-dimensional imaging and drawing, they can transport and move building mate-

rials, which in turn will be effective in faster completion of a structure [8]. 

Smart gadgets in the construction industry 

Mobile gadgets, even smartphones and tablets, helps facilitate information transfer among 

engineers, great reduction of paper correspondence process, and saving time and money [9]. 

Virtual reality in the construction industry 

Architects, engineers, homeowners, and anyone involved in the process of building a home 

can use virtual reality to see the final view of the building and to change it before construction. 

Programs such as AutoCAD and 3D Max exhibit the pre-constructed sample of the design with 

great accuracy and details. In addition to displaying details, they can make the feeling of being in 

that place. This, consequently, is a competitive advantage for the technology [10]. 

Smart buildings 

A smart building is a construction in which all the control subsystems are pre-defined, de-

signed and implemented in a logical framework and in accordance with the use status of the 

building. According to the principles of a smart building, the actual cost of a building is not just 

the cost of construction; operating and maintenance costs need to be added as well. Smart build-

ing reduces all of the costs through integrated automatic control, telecommunications and man-

agement systems. Taking a look at the costs reveals that maintenance has the largest share in the 

current costs of every building. However, there is a reduced maintenance cost in smart buildings 

that return the costs and creates many amenities [11]. 

Energy management in the building 

Due to the growth of energy consumption in modern industrial societies, in addition to the 

risk of rapid depletion of fossil resources, the world is confronting with irreversible and threaten-

ing environmental changes. Therefore, a special role has been assigned to renewable energy 

sources in international programs and policies for sustainable global development. Energy con-

sumption management system is a set of products, which easily determines the amount of energy 

consumption at any given time. It allows system users to manage energy consumption by differ-

ent parts of the building in order to consume less during peak hours and save significant costs 

[12]. 

Customer needs, project organizations and company strategies 

Every company’s vision and business strategy are based on customer needs. If a company 

does not have regulations to implement new technologies, BIM standards are partially met or not 

met at all. High-level management as well as project managers needs clarification and interest in 

new business products that have been realized with new technologies. Without such insight for 

BIM and the executive leadership behind it, trying to adopt new business practices will waste 

efforts and resources [4]. However, the return on investment must be taken into account and im-

plementation should be done in a way that does not undermine productivity.  

Developers’ role and supporting elements 

BIM requires a high level of IT support [13]. Many engineering consulting firms integrate 

separate R&D units except for ICT, which are responsible for maintaining and developing exist-

ing technologies as well as introducing new technologies. Generally, together with project engi-

neers, R&D units are responsible for producing new technologies and processes for marketable 

products. In the best scenario, these R&D units are sufficiently funded and work with innovative 
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ICT units to obtain up-to-date hardware and systems that are tested in the real business. In the 

case of outsourced ICT, the lack of multidisciplinary personnel with knowledge and innovation 

skills will reduce the organization’s ability to introduce and implement new technologies. Final-

ly, if the team does not have visionary members or intellectuals to make changes, implementa-

tion projects will fail [14]. 

Discussion 

According to Figure 2, there are 23 different aspects; every aspect can stop the successful 

implementation of the process. Depending on the calculation method, more aspects might be 

identified. 

Figure 2 - Key challenges of implementing new technologies in the world 

The figure displays the key challenges in a complex environment where the decision maker 

must act there. There are lots of parties involved and the questions that need to be answered. The 

comparison of information in the figure with the implementation of a traditional IT system sug-

gest that the obstacles and drawbacks are essentially the same. However, a number of unique fea-

tures can be identified. To improve this approach, a broader literature review better identifies 

specific problems in implementing BIM technology, regardless of the implementation of public 

information technology. Finally, the figure evolves as a useful tool for decision makers to better 

understand relations and manage technology implementations. 

Conclusion 

As science and technology develops in all fields, particularly in manufacturing area, it is 

necessary to be addressed. Construction is the industry that is based on the adoption of innova-

tion and technology. The quantitative and qualitative needs of buildings over the past decades 

show that the use of new methods in building construction is the best way to achieve housing 

goals. The extreme need of communities for housing has revealed the fact that the use of tradi-

tional systems in construction will not meet the existing needs of society. As a result, new con-

struction systems can satisfy the construction needs of countries. Utilization of scientific meth-

ods, new technologies and new materials are the basic necessities for improving the quality of 

the construction industry, although the use of new solutions and methods require special atten-

tion to the technical, executive and economic conditions of the community. The best use of new 

technologies in construction calls for strategies in order to adapt the new technologies to the cul-

tural and social characteristics of communities. There will be a wide range of innovative materi-

als, methods, and designs to meet the new conditions. This will be achieved by key measures like 

the followings:  financial support to help provision of testing infrastructure, building mechanisms 
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and lower costs with higher material performance, advanced products to develop sustainable 

business models, reduced barriers for fair markets, energy efficient building materials, studying 

and finding new innovative materials with international researchers to help development of 

product and infrastructure, innovative products, and a deep renovation with a long-term perspec-

tive in order to prevent added capacity and promote zero-energy buildings. 
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ABSTRACT  

In this study, a macrocell network with a multi-factor frequency reuse (FFR) structure was considered, 

which makes use of an omnidirectional antenna to cover the indoors and six directional antennas to cover the 

outdoors. We propose a new method to divide the frequency spectrum into different subbands and to assign them 

into different parts of a macrocell network. We also provide a method to manage the interference and to assign a 

frequency subbands to the femtocell network. In this technique, the femtocell network cannot make use of 

subbands not used by the macrocell network in that area. Therefore, a strong in-layer interference between the 

macrocell and femtocell networks is avoided. Three methods were also proposed to manage the subbands 

available to the femtocell network. Simulation results indicate that the cellular structure and proposed methods to 

manage interference and resources can provide good throughput and probability of outage. 

Keywords: frequency resource assignment; multifactorial frequency reuse; femtocell; macrocell. 

Introduction 

Most voice conversations and data traffic enter the cellular network from the inside of the 

buildings. On the other hand, video applications consume a large part of cellular network traffic, 

which requires very high link quality. Inside buildings, the signal-to-interference-to-noise ratio 

(SINR) value is low, because of the losses caused by the walls and the path loss from a longer 

distance between the macro station and the user, thus hampering proper communication links 

and quality of service (QoS) as intended by the user [1]. To remove this problem, femtocells are 

recommended as they are inexpensive home-based stations with small sizes and low transmis-

sion power. Femtocells improve quality of the link by reducing the distance between the sender 

and receiver and increasing the received power. Because femtocells have a physical layer similar 

to macrocells, interference between layers will become a major challenge, due to the greater 

transmitting power of macrocells than femtocells [2]. Femtocells, also known as home-based sta-

tions, are cellular network access points that connect standard mobile devices to a mobile opera-

tor's network using residential DSL, broadband connections, or fiber optic links. 

Femtocells are based on cellular technologies. Because demands for higher data rates in-

side buildings drive the femtocells, the main focus is on UMTS and LTE-based FAPs. However, 

FAP can also be based on GSM / GPRS / EDGE [3]. Access methods used in femtocells have a 

great effect on the overall interference. Intra-layer interference in private access is more intense 

than in open access [4]. It is essential to use femtocells to improve covering, to increase the in-

door capacity and to reduce macrocellular traffic. For femtocells to be widely accepted, they 

must have a physical layer structure similar to a macrocell network to be easy to work with. 

Therefore, the same frequency band as macrocells must be applied. Using a similar frequency 

band leads to an interference between macrocells and femtocells. Therefore, it is key to provide 

an appropriate frequency assignment method to both increase network capacity and to reduce 

interference. Considering this, in this research, a frequency division method is proposed to divide 

the available frequency band and to assign it to macrocell and femtocell networks. The proposed 

method can significantly reduce interference and increase network capacity. 
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Materials and methods  

Macrocell network and the proposed method to assign frequency resources in the 

macro layer  

In this study, we take into account the macrocells of the first and second layers with the 

macrocells of the third and higher layers excluded, because they have a greater distance from the 

central macrocell, thus, leaving little effects on the central macrocell. Hence, a cellular system 

has a total of 19 macrocells, 6 macrocells of which belong to the first layer and 12 macrocells to 

the second layer. 

In the proposed method, the overall available frequency spectrum is divided into five sub-

bands of S0, S1, S2, S3, S4 as none of the subbands overlap. As seen, the indoor of the macro-

cells has a greater distance from the neighboring macrocells, so the power received from the 

neighboring macrocells in the indoor will be very insignificant. Therefore, the subband S0 can be 

used inside all macrocells. Subbands S1, S2, S3 are also used as shown in different parts of the 

outdoors. As seen, the entire frequency band is used in each subband, covering many users in 

each macrocell. 

Femtocell network 

In this study, femtocells are assumed to be installed in an indoors. The area where each 

femtocell is covered is a circular area with an RF radius in whose center the femtocell-based sta-

tion (FBS) is mounted. Each femtocell-bases station has an omnidirectional antenna  used to 

support the femtocell coverage area. Femtocells are considered closed access mode so that only 

authenticated users are permitted to use it. 

Throughput and the probability of outage in the Ferroso path 

In this research, throughput and the probability of outage the Ferroso route are used as two 

important parameters to assess the efficiency of the proposed method. Throughput is defined as 

the number of bits successfully delivered to the user in each sent symbol [5].  

It is shown that the throughput for each RB is obtained as follows: 

(1)  2( ) log (1 ) bits/sec/HzT   

  

Where β is calculated as follows: 
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Outage probability (OP) of an RB is defined as the probability whose SINR value is 

less than a predetermined threshold value. So we have: 

(4)   OP Pr
th

    

Where 
th
  is the threshold value for the minimum SINR. If the user makes use of 

multiple RBs, if the SINR value is at least one RB less than the threshold value, then the 

user cannot access the required bandwidth, leading the user towards the outage. 
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Findings 

Evaluating the proposed method 

In this section, we provide the simulation results of the proposed methods for frequency 

division and frequency subbands assignment in terms of throughput and probability of outage for 

femtocell users. The results were obtained using the parameters provided in Table 1. It is worth 

noting that the radius of the indoor is so designed that the indoor and outdoor areas have the 

same area. Therefore, as many as 40 source blocks are used to cover the macrocell users in the 

indoors, with S0 containing 40 source blocks, as each of the S1 to S4 subbands will contain 15 

source blocks. 

    

 

 

 

 

 

 

 

 

 

 

Throughput and probability of outage 

These parameters were obtained by performing Monte Carlo simulations of 1000 replica-

tions and averaging the results. In Figure 1-a, the value of throughput for a source block is plot-

ted in terms of distance from the center (Place where M0 is baded on the macrocell). To draw 

these diagrms at a certain distance, the desired values were estimated in the interval       

and averaged in indoor areas. Because of the symmetry in the outdoor area, the desired values 

were estimated in the coverage area of the first sector in the interval 6 6      and aver-

aged. Also, the cumulative distribution function (CDF) is shown in Figure 1-b for macrocell 

throughput. 

As seen in Figure 1-a, the level of throughput decreases as distance from the origin to the 

radius of the indoor area increases. As the distance increases from the origin, the distance from 

the macrocell-based station increases, reducing the received power, the SINR value and the 

throughput. By entering the outdoor area (or edge) of the macrocell, the throughput increases 

which is for two reasons. The first reason is an increase in the power transmitted by the macro-

cell, which is twice as much as the indoor area with regard to the outdoor area. On the other 

hand, as observed from Figure 3, the S4 subband is assigned for the outdoor area covered by the 

first sector, which does not receive any interference from any of the first layer macrocells. There-

fore, by entering the outdoor area, the amount of interference also decreases, as both reasons lead 

to a rise in SINR and throughput. It is also clear from Figure 1-b that the proposed method can 
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produce a good amount of throughput. Figure 2 illustrates the outage probability for a source 

block used by the macrocell user in the indoor and outdoor areas of the first sector. As seen in 

the indoor area, as the distance increases from the origin, the probability of outage increases due 

to a decline in the power received. However, by entering the outdoor area, the probability of out-

age decreases as interference decreases and the transmission capacity of the macrocell increases. 

As shown in Table 1, the threshold SINR value is assumed to be 10 dB for the outage probabil-

ity. 

  

A B 

Figure 1 – Throughput for the macro network. (A) The average value for each source block at a 

specified distance from the center, (b) the cumulative probability function 

 

Figure 2 – Outage probability for the macrocell network 

Conclusion 

The Multi-Factor Frequency Reuse (FFR) structure is a new structure recommended for the 

macrocell network it is shown to improve spectral efficiency. Hence, in this study, an FFR struc-

ture with a single-directional antenna for the indoor area and six directional antennas with a cov-

erage angle of 60 degrees for the outdoor area were taken into account. In this article, a new 

technique was proposed to divide the frequency spectrum into five different frequency subbands 

and to assign them to different parts of a macrocell network. In the proposed method, the macro-

cellular network does not receive any interference from the first-layer macrocells in the outdoor 
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area, which significantly reduces the interference in the outdoor area and improves the SINR 

value, thus increasing the throughput and reducing the probability of outage for macrocell users. 

The findings illustrated that the optimal method for assigning resources can provide throughput 

and a higher probability of outage than the quasi-optimal method. As well, both quasi-optimal 

and optimal methods outperform the random method. According to the above, the proposed 

method can be used in cellular networks including macrocells and femtocells. 
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ABSTRACT 

The subject of this research is the design of e-Tendering system in the distribution of electricity in West 

Azerbaijan province. In the initial analysis of the problems in the e-Tendering process, using the expert 

software method, i.e. AHP, the hierarchical method, the problems facing the current e-Tendering in Iran were 

prioritized. To conduct this analysis, a survey was conducted of 30 experts in the field of tenders and highly 

experienced employees in the distribution of electricity in the province. The results showed that security with a 

rate of 0.769 was ranked first in the absence of e-tendering. In the next ranks, the issue of the qualitative and 

quantitative form of contractors, transparency, and then in the end cost and time are considered as problems of 

holding e-Tendering. In the second phase of this research, the methodology of analysis and structured design 

of systems was studied to achieve the conceptual design of e-Tendering in the province electricity distribution 

company. Results: All bidding documents should be distributed through a secure network-based bidding 

system to avoid paperwork and administrative formalities. The bidder and the organizer must be able to send 

information and invite bids in the electronic bidding system. The organizer should send the tender information 

via email and the bidder should send the answer online. 

Keywords: e-tendering system; tender security; tender transparency; ahp hierarchical method; expert 

software. 
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Introduction 

In recent years, developed countries have shifted to e-commerce by gradually abandoning 

traditional paper-based commerce and physical document exchange (Stewart 2002). 

e-Tendering as one of the most important applications of information and communication 

technology through modification and improvement of traditional processes, on the one hand, due 

to the wide range of suppliers and the variety of services and goods can increase market ac-

ceptance and competition, and therefore reduce the price with better quality offers, and on the 

other hand, can bring broad and focused information, create equal opportunities for public partic-

ipation even on a global scale, transparency, equality, trust and undeniable for the bidding parties 

(Parvini, 2018). 

Research has shown that even with little information about new forms of online trading, 

such as e-Tendering, where all tenders are controlled electronically and online, organizations are 

trying to access these systems (Anumba, 2002). 

Conventional bidding systems are now being implemented by electronic services around 

the world. As a result, due to the requirements and rules that apply to e-commerce systems, the 

reliability of such businesses should be far greater than conventional business systems. Electron-

ic bidding mechanisms must comply with several security issues (Martin, 2007). 

The main steps in e-bidding are documentation, evaluation, application of documents, and 

communications. New digital data in e-tendering is created by the interaction of users on elec-

tronic media and digital data (Marix, 2014). 

In many developing countries, e-Tendering is considered unnecessary and unacceptable 

given the number of social, cultural, and economic barriers that are expected to be overcome 

(Sean 2003 and Russell 200). Therefore, this study is examining the readiness of the province's 

electricity industry to adopt electronic measures and provide recommendations for its implemen-

tation. Creating healthy tenders creates employment and business development in various areas 

of society. This is called a comprehensive tender information system in the field of e-

government. Therefore, in order to make this part of the e-government issue more active, we 

wanted to find a way to accelerate the process of holding the country's comprehensive tenders in 

an electronic and secure environment.  

Research Methods 

This research is a qualitative research and case study. Using the AHP questionnaire and 

pre-determined interview forms and other collection tools, information was collected from the 

sample population, which was unlikely to be purposefully selected. 

Implementation of the evaluation method in the research sample 

Decision sample research tree 

The decision tree for evaluating the e-Tendering system of the Electricity Distribution Organiza-

tion of West Azerbaijan Province is shown in Figure (1). There are 5 levels in this tree. The first level is 

related to discrimination between participants, the second level is the issue of transparency, the third 

level is the evaluation of contractors, the fourth level is the financial evaluation of participants, and fi-

nally the observance of justice in holding tenders by the bidding body. 
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Results 

Barriers to holding e-Tendering 

As you can see in Table (2), in examining the four main modes and criteria and software 

output, the security issue has the most impact and the cost and time issue has the least impact on 

e-Tendering. Therefore, addressing the issue of security can be a great help to government sys-

tems for conducting tenders electronically. 
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Assess the challenges in e-Tendering 

In the first step, we drew the flowcharts in each of the variables of our choice in the current 

system and used the IT system to examine the problems and solutions available for each step. 

1.3. Tender system 

1.1.3. Evaluation of participants 

 

Figure 1 – Participant evaluation stage 
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Request the initial documents of the contractors 

Contractor 

Economic unit 

 
Figure 2 – Requesting documents from contractors in the electronic system 
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Request to participate in the tender 

Economic unit 

Contractor 

 
Figure 3 – Requesting documents from contractors in the electronic system 

Request to participate in the tender 

Economic unit 

Contractor 

 
Figure 4 – Contractor transparency 



ТЕХНИЧЕСКИЕ НАУКИ 
  
 

124 | ФУНДАМЕНТАЛЬНЫЕ И ПРИКЛАДНЫЕ ИССЛЕДОВАНИЯ В СОВРЕМЕННОМ МИРЕ 

Invite to tender or participate in a negotiation 

 
Figure 5 – Questions and answers in e-Tendering 

Several tenders are held every year for the development of the country and the electricity 

distribution system of West Azerbaijan Province. The issue of cost and time to identify qualified 

contractors led to the electricity distribution system moving to an electronic tendering system. 

However, the occurrence of several problems in this regard reduced the acceptance of this proce-

dure. As mentioned in the previous discussions, there were many cases that prevented tenders 

from being held electronically, the most important of which was the issue of security and trans-

parency. Also, the issue of project sustainability due to defects in the contractors' definition is in 

a haze of ambiguity. 

It cannot be said with certainty that by holding tenders electronically, electricity distribu-

tion projects will be outsourced to the contractors who have the highest work efficiency in a giv-

en period of time. All that is clear is that in the field of e-government, after several years of im-

plementation and its mandate to government departments, it still faces many shortcomings. Also, 

every year, with the continuous efforts of the relevant officials, there are still major problems in 

this form of tendering. An e-bidding system must prevent any threats that may interfere with its 

implementation. But the same issue of control is questioned in the same part of not recognizing 

the identities of contractors with good financial strength and necessary quality. 

In this research, we tried to examine and identify the indicators that cause the inefficiency 

of the implementation of the e-Tendering law in full, to examine and identify. For this purpose, 

after defining and assigning criteria for each index, the data extracted by EC software were used 

for hierarchical analysis of indicators and criteria. As a result, insufficient tender security by 

power distribution systems is the biggest problem in conducting e-tendering in the public sector. 

Also, the lack of identification of contractors and the lack of honesty in filling out electronic 

forms in e-Tendering are significant obstacles to the implementation of e-Tendering law in the 
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public sector and especially in the regional electricity distribution system of West Azerbaijan 

province. 
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ABSTRACT 

According to a joint report by the World Bank and the International Energy Agency, countries' 

performance in achieving the goals of sustainable development in the energy sector lags behind their timetables. 

This study seeks to provide a model using multi-criteria decision-making techniques respecting the E3S model 

with economic, energy, environmental and social indicators among a selection of developed and developing 

countries having more coherent statistical partnership with international sources. to provide a model with the aim 

of minimizing human intervention and without dependence on the opinion of decision makers or experts , using 

crisp numerical data, for multifaceted enrichment and comprehensiveness of evaluation. In order to  rank 

countries based on their actual performance. By multi-criteria decision-making techniques, such as ELECTRE, 

TOPSIS, WASPAS and numerical taxonomy, a model has been proposed that can distinguish homogeneous from 

heterogeneous countries in the statistical population. Comparison of the results indicate that the emerging 

WASPAS technique ranks options more accurately. Excluding China and the United States, identified as 

heterogeneous in the statistical population, the WASPAS technique presents Germany, Japan, and Spain as 

showing the best performance from the E3S perspective in clean energy development. 

Keywords: performance evaluation model; renewable energy; waspas technique. 

Introduction 

A separate methodology to be able to provide an accurate measurement of the subject un-

der Energy efficiency and effectiveness is currently a focus of attention of many policy makers 

in countries and is at the forefront of debates on sustainability. Surprisingly, not much attention 

has attracted the concept of definitions and the criteria for measuring it. If we are to properly 

formulate the goals of energy efficiency policy-making and improve them over time, it is neces-

sary to develop clear and practical definitions of energy efficiency. Recent researchers' findings 

suggest that technology policy-making analysts should focus on problems in evaluating energy 

effectiveness criteria. we need analysis of energy [1]. 

Researchers have used MAUT and WSM methods to rank a large number of power genera-

tion technologies based on their compatibility with sustainable industry development [2]. Nerini 

et al. (2014) studied the potential of renewable energy sources for power generation in rural are-

as. Nerini et al. used the WSM method on the case of Amazon rainforests in Brazil [3]. Nerini et 

al. (2014) focused on a specific geographic area (Amazon) and used a multi-criteria approach to 

compare five power supply options based on interviews with experts. The results indicated a 

clear priority orientation towards renewables. This research intended to advance the field of 

analysis and cover the entire country. Rovere et al. (2010) selected environmental, social, eco-

nomic, and technological indicators to evaluate power generation options [4]. 

The findings of the target fuzzy planning model, studied in the article of Jayaraman et al. 

(2015), have clearly explained that carbon-focused energy sources may cause disease and prema-
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ture death, which in turn lead to deterioration of public health at great expense. We can extend the 

model presented in this research to include more sustainability criteria to analyze related challeng-

es and opportunities in the field of sustainable, social and economic development [5]. 

In this research, according to the nature of the problem and the limitations and consistency of 

the data in internationally trusted information sources, we select some technics and compare them 

with each other. Accordingly, the purpose of this research is to propose an applicable model for eval-

uating and ranking the performance of countries in the development of renewable technologies. 

Research Method 

In terms of purpose, this is an applied research work. It is descriptive in terms of the nature 

of the method and the way of collecting data. It is also a cross-sectional research because the da-

ta collection is determined temporally. In this research, we extract and process accurate numeri-

cal data taken from international valid sources and not from miscellaneous and national reports 

of countries to observe the least intervention of the decision maker in achieving the results. 

Therefore, we have not used questionnaires, opinions of experts, nominal data, nor human inter-

pretations. 

After applying Shannon entropy, to answer the main question, we chose and applied rank-

ing techniques of ELECTRE, TOPSIS and WASPAS to weigh the criteria. After comparing the 

best of them, we proposed a hybrid model that can first distinguish the homogeneous from the 

heterogeneous options (countries) in the statistical population by numerical taxonomy and then 

rank the options by providing a more accurate distance from each other. To answer the research 

sub-questions, we used data envelopment analysis and Pearson correlation test, respectively. 

Until 2016, data from both renewable wind and solar technologies, mainly cumulatively, 

from Crisp Numerical Value, are taken from international valid sources. Data sources include the 

World Bank, the International Renewable Energy Agency (IRENA), British Petroleum statistical 

review of world energy (BP), and National Renewable Energy Laboratory (NREL). 

We selected seventeen countries from the few countries that had coherent and accurate da-

ta in global valid sources. 

  

  

 

We selected four main criteria, directly related to the objectives of the Sustainable Devel-

opment Plan, for analysis; they include four energy, economic, environmental and social dimen-

sions. We conducted this research in two steps, which in fact, with the results of the first step, we 

took corrective action in the second step, and compared the results of the steps with each other. 
Step 1: Initially, with eight evaluation criteria and seventeen ranking options for perfor-

mance evaluation, we used three multi-criteria decision-making techniques for evaluation and 

compared the results and accuracy of each. The specifications of the first step solution include 

the following: 

 Decision-making techniques: ELECTRE, TOPSIS, WASPAS 

 Number of indicators: eight 

 Number of options: seventeen 
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Step 2: The performance appraisal model of countries in the development of renewable 

technologies should be macroscopic and comprehensive, as well as fair. Failure to consider the 

economic situation and potential, as well as the extent of access to renewable resources and en-

ergy potential of each country can reduce the comprehensiveness of the evaluation model. There-

fore, in another attempt, we tried to add the following two criteria to the previous ones: 

1. The natural potential of countries in solar and wind resources 

2. GDP per capita 

Specifications of the solution method in the second step: 

 Decision-making techniques: ELECTRE, TOPSIS, WASPAS, Numerical Taxonomy 

 Number of indicators: ten 

 Number of options: seventeen 

Research question 

Which is the appropriate way to evaluate and rank countries based on their actual perfor-

mance in development of renewable energy technologies? 

Findings 

Initially, we solved the problem with the help of three multi-criteria decision-making 

techniques of ELECTRE, TOPSIS and WASPAS, and eight performance indicators. We have 

given the definitions of each indicator and symbolic sign in the model and the unit of measure-

ment and the statistical sources of data in Table 2 (next page). 

 

Criteria Definition Symbol Source Unit

1  Installed Capacity

Commulative data of wind 

& solar installed capacity 

till 2016

InstCap IRENA MW

2  Electricity Generation

Total electricity 

generation of Wind and 

Solar power till 2016

ElecGenr IRENA GWh

3 Consumption

Total electricity 

consumption of each 

country from Wind and 

Solar powers till 2016

Consump BP stats Mtoe 

4 Total Installed cost
Avg cost for installation of 

each Technology till 2016
TotalCost IRENA Million  $

  

5 Employment
No. of Employee  working 

in each Technology
Employ IRENA in Thousands

6 Patents

commulative No. of 

patents in Wind and Solar 

technology based on EPO 

PATSTAT classification

Patent IRENA No. of patents

7
Avoided Emissions 

(Default mix)

Amount of avoided Co2 

emission from Fossil fuels 

replaced by wind and solar 

powers based on the actual  

 energy mix for each 

country

Avoided IRENA Million Tonnes

8 Emissions

Total Fossil Fuel CO2 

Emissions in power 

industry

Emission BP stats Million Tonnes
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First, we calculate the weight of the criteria using the Shannon entropy technique. 

 

Criteria InstCap ElecGenr ConsumpTotalCost Employ Patent Avoided Emission

Alternatives

Australia 8594 17435 4 7228.212 15.1 7453 14.732 413.6

Brazil 8748.92 21704.93 4.95 9420.632 32.8 2523 13.8873 491.3

China 169384 233365 57.7 164034.6 2482 79135 212.85 9164.5

Egypt, Arab Rep. 795 1510.26 0.45 835.995 3.6 92 0.7757 211.4

France 16972 28508 6.5 15141.23 38.2 3269 21.823 309.7

Germany 84458 117932 26.7 72464.73 175.2 16829 103.16 751.1

Greece 4695 8521 1.9 3845.142 3.9 322 6.968 73.4

India 30587 45624 8.9 30404.75 181.4 735 42.775 2157.4

Italy 28035 37799 8.6 21396.36 38.5 1461 23.418 336.2

Japan 36108 41135 9.5 23373.32 382 58012 28.392 481.4

Mexico 3444 8990.6 2.1 3631.841 21.5 1752 5.3716 1206.6

South Africa 2268 5015 1.3 1889.641 20.9 808 3.626 421.8

South Korea 4484 5345 1.2 3145.547 11.1 34804 3.626 654

Spain 30099 63184 14.3 29104.87 30.7 4913 43.971 289.4

Turkey 4753 11849.1 2.65 5006.984 65.6 147 7.7889 343

United Kingdom 23478 47871 10.8 21018.96 58 3564 36.431 433.4

United States 96015 225161 52.5 92556.76 349.6 62417 173.39 5445

معیار ها نوع معیار وزن ها

InstCap + 0.1021

ElecGenr + 0.0962

Consump + 0.0999

TotalCost - 0.1077

Employ + 0.2131

Patent + 0.1446

Avoided + 0.1066

Emission - 0.1299



ТЕХНИЧЕСКИЕ НАУКИ 
  
 

130 | ФУНДАМЕНТАЛЬНЫЕ И ПРИКЛАДНЫЕ ИССЛЕДОВАНИЯ В СОВРЕМЕННОМ МИРЕ 

 

 

Figure 1 – Results of ELECTRE technique ranking in the first step 

Number of dominance (vertical), Rank of countries (horizontal) 

ماتریس نرمال Instcap ElecGenr Consump TotalCost Employ Patent Avoided Emission

Australia 0.038416 0.0479 0.046299 0.096887 0.00592 0.060583 0.048177 0.145008

Brazil 0.039108 0.059631 0.057295 0.074339 0.012859 0.020509 0.045415 0.122074

China 0.757158 0.641131 0.667862 0.004269 0.973073 0.643265 0.696067 0.006544

Egypt, Arab Rep. 0.003554 0.004149 0.005209 0.837707 0.001411 0.000748 0.002537 0.283704

France 0.075866 0.078321 0.075236 0.046252 0.014976 0.026573 0.071366 0.193656

Germany 0.377533 0.323998 0.309045 0.009664 0.068688 0.136798 0.337356 0.07985

Greece 0.020987 0.02341 0.021992 0.182131 0.001529 0.002617 0.022787 0.8171

India 0.136726 0.125344 0.103015 0.023033 0.071118 0.005975 0.139884 0.0278

Italy 0.125318 0.103846 0.099543 0.032731 0.015094 0.011876 0.076582 0.178391

Japan 0.161405 0.113011 0.10996 0.029962 0.149764 0.471562 0.092848 0.124585

Mexico 0.015395 0.0247 0.024307 0.192828 0.008429 0.014241 0.017566 0.049706

South Africa 0.010138 0.013778 0.015047 0.37061 0.008194 0.006568 0.011858 0.142189

South Korea 0.020044 0.014684 0.01389 0.222638 0.004352 0.282911 0.011858 0.091705

Spain 0.134545 0.173587 0.165519 0.024062 0.012036 0.039936 0.143795 0.20724

Turkey 0.021246 0.032553 0.030673 0.139868 0.025719 0.001195 0.025471 0.174855

United Kingdom 0.104948 0.131517 0.125007 0.033318 0.022739 0.028971 0.119138 0.138383

United States 0.429194 0.618592 0.607674 0.007566 0.137061 0.507369 0.567024 0.011015

Normal Matrix 
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Figure 2 – Results of TOPSIS technique ranking in the first step 

Index of negative proximity (vertical), Rank of countries (horizontal) 

 

Figure 3 – Ranking results of the WASPAS technique in the first step (Rank of countries) 

We added the ninth and tenth indicators to the decision model at this stage to make the 

evaluation fairer and richer. We also used the taxonomic technique to identify heterogeneous op-

tions and to determine the similarity and homogeneity of countries in the statistical population. 
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Criteria Definition Symbol Source Unit

1  Installed Capacity

Commulative data of wind 

& solar installed capacity 

till 2016

InstCap IRENA MW

2  Electricity Generation

Total electricity 

generation of Wind and 

Solar power till 2016

ElecGenr IRENA GWh

3 Consumption

Total electricity 

consumption of each 

country from Wind and 

Solar powers till 2016

Consump BP stats Mtoe 

4 Total Installed cost
Avg cost for installation of 

each Technology till 2016
TotalCost IRENA Million  $

  

5 Employment
No. of Employee  working 

in each Technology
Employ IRENA in Thousands

6 Patents

commulative No. of 

patents in Wind and Solar 

technology based on EPO 

PATSTAT classification

Patent IRENA No. of patents

7
Avoided Emissions 

(Unified Mix) 

Amount of avoided Co2 

emission from Fossil fuels 

replaced by wind and solar 

powers based on the 

unified  energy mix for all 

countries

Avoided IRENA Million Tonnes

8 Emissions

Total Fossil Fuel CO2 

Emissions in power 

industry

Emission BP stats Million Tonnes

10 GDP 

AVG of GDP Per Capita 

PPP (power purchase 

parity) from 2009 till 2016

GDP World Bank International $

GW
9

Resource

Total annual potential of 

Off-shore  Wind + On-

shore wind + Solar 

resources

Resource
NREL+Harv

ard
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Since costs and greenhouse gas emissions have a negative effect on performance, we con-

sidered a negative criterion. In order to evaluate fairly the performance of countries and to meas-

ure the real performance of countries, we took into account the two criteria of natural potential of 

renewable resources as well as GDP, which naturally facilitate the performance of countries, as 

negative criteria. 

Weights (right), type of criterion, criteria (left) 

 

We obtain the normalized data matrix by the Euclidean scaling method as shown below. 

Criteria InstCap ElecGenr Consump TotalCost Employ Patent Avoided Emission Resource GDP

Alternatives

Australia 17435 4 7228.212 15.1 7453 204 14.343 413.6 18131 43208.92

Brazil 21704.93 4.95 9420.632 32.8 2523 50 18.1137 491.3 6735.237 15086.5

China 233365 57.7 164034.6 2482 79135 2423 181.54 9164.5 9776.696 11385.59

Egypt, Arab Rep. 1510.26 0.45 835.995 3.6 92 2 1.2549 211.4 949.8422 10007.64

France 28508 6.5 15141.23 38.2 3269 90 23.525 309.7 1454.997 38112.01

Germany 117932 26.7 72464.73 175.2 16829 436 97.06 751.1 560.2645 43269.91

Greece 8521 1.9 3845.142 3.9 322 5 6.976 73.4 432.2116 26987.34

India 45624 8.9 30404.75 181.4 735 18 37.568 2157.4 1620.193 4977.529

Italy 37799 8.6 21396.36 38.5 1461 28 30.747 336.2 457.2441 35984.27

Japan 41135 9.5 23373.32 382 58012 1515 33.046 481.4 2616.938 37158.38

Mexico 8990.6 2.1 3631.841 21.5 1752 45 7.4915 1206.6 2136.299 16075.41

South Africa 5015 1.3 1889.641 20.9 808 36 3.046 421.8 2064.597 34140.61

South Korea 5345 1.2 3145.547 11.1 34804 385 3.046 654 544.7769 31813.11

Spain 63184 14.3 29104.87 30.7 4913 107 52.36 289.4 588.4146 32774

Turkey 11849.1 2.65 5006.984 65.6 147 6 9.8533 343 370.7237 20391.19

United Kingdom 47871 10.8 21018.96 58 3564 101 39.745 433.4 3019.92 37938.68

United States 225161 52.5 92556.76 349.6 62417 1318 186.73 5445 13340.51 51458.41
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Number of dominance 

 

In the ELECTRE evaluation, out of the seventeen countries under evaluation, we identified 

seven countries with zero dominance; they have an uncertain position in the ranking. 

ماتریس نرمال InstCap ElecGenr Consump TotalCost Employ Patent Avoided Emission Resource GDP

Australia 0.038416 0.0479 0.046299 0.096887 0.00592 0.060583 0.048817 0.145008 0.010143 0.083291

Brazil 0.039108 0.059631 0.057295 0.074339 0.012859 0.020509 0.061651 0.122074 0.027305 0.238553

China 0.757158 0.641131 0.667862 0.004269 0.973073 0.643265 0.617881 0.006544 0.01881 0.316095

Egypt, Arab Rep. 0.003554 0.004149 0.005209 0.837707 0.001411 0.000748 0.004271 0.283704 0.193614 0.359618

France 0.075866 0.078321 0.075236 0.046252 0.014976 0.026573 0.080069 0.193656 0.126394 0.09443

Germany 0.377533 0.323998 0.309045 0.009664 0.068688 0.136798 0.330349 0.07985 0.328243 0.083174

Greece 0.020987 0.02341 0.021992 0.182131 0.001529 0.002617 0.023743 0.8171 0.425493 0.133356

India 0.136726 0.125344 0.103015 0.023033 0.071118 0.005975 0.127865 0.0278 0.113507 0.723036

Italy 0.125318 0.103846 0.099543 0.032731 0.015094 0.011876 0.104649 0.178391 0.402199 0.100014

Japan 0.161405 0.113011 0.10996 0.029962 0.149764 0.471562 0.112474 0.124585 0.070274 0.096854

Mexico 0.015395 0.0247 0.024307 0.192828 0.008429 0.014241 0.025498 0.049706 0.086085 0.223878

South Africa 0.010138 0.013778 0.015047 0.37061 0.008194 0.006568 0.010367 0.142189 0.089075 0.105415

South Korea 0.020044 0.014684 0.01389 0.222638 0.004352 0.282911 0.010367 0.091705 0.337575 0.113127

Spain 0.134545 0.173587 0.165519 0.024062 0.012036 0.039936 0.17821 0.20724 0.31254 0.109811

Turkey 0.021246 0.032553 0.030673 0.139868 0.025719 0.001195 0.033536 0.174855 0.496065 0.176494

United Kingdom 0.104948 0.131517 0.125007 0.033318 0.022739 0.028971 0.135274 0.138383 0.060897 0.094862

United States 0.429194 0.618592 0.607674 0.007566 0.137061 0.507369 0.635545 0.011015 0.013785 0.069939
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Figure 4 – Ranking results of countries by ELECTRE method in the second step 

Number of dominance (vertical) rank of countries (horizontal) 

 

Figure 5 – Ranking results of countries with TOPSIS technique in the second step 

Index of negative proximity (vertical), rank of countries (horizontal) 
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Figure 6 – Ranking results of countries with the WASPAS technique in the second step 

After calculating the values of the upper and lower limits and comparing them with the values of 

the shortest distance, we determined the options (countries) with these upper and lower limits. 

The two countries, America and the United States, are above the upper limit, and consequently, 
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heterogeneous options are identified in the statistical population according to the numerical tax-

onomy model. 

 

Figure 7 – Results of ranking options by numerical taxonomy 

Degree of development (vertical), rank of countries (horizontal) 

As can be seen from the above results, ELECTRE and numerical taxonomy techniques are 

less accurate in differentiating and ranking than TOPSIS and WASPAS. 

Conclusion 

The purpose of this research is to design a comprehensive model for evaluating and rank-

ing the performance of countries in the development of renewable technologies. We have ob-

tained the results of solving the problem of evaluating the performance of selected countries in 

the first step of the research through the eight sub-criteria out of four main criteria including en-

ergy, economic, environmental and social dimensions based on three multi-criteria decision-

making techniques: ELECTRE, TOPSIS and WASPAS. We can see that China has taken the 

first place in the performance of development of renewable wind and solar technologies in all 

three techniques. In the above three techniques, the result of the first rank is the similar perfor-

mance, but in the next  

ranks, there is a difference between the above three techniques. In the ELECTRE tech-

nique, which is oriented to ranking based on the dominance of options, many options have been 

considered as equal; this shows the inability of this technique to create a gradient based on de-

scending and consecutive rankings. It only selected the best options, which can be applicable for 

problems that are only selective. In problems where the goal is to rank accurately all the options 

from the strongest to the weakest while maintaining sufficient distinction, the ELECTRE tech-

nique does not show good efficiency. Similarly, considering the inability of data weighting in 

numerical taxonomy technique and the inability to directly introduce negative indices to the de-

cision matrix (data related to negative indices should be introduced in reverse), we can say that 

numerical taxonomy technique also cannot perform accurate ranking when there are several 

positive and negative indicators in the evaluation model simultaneously. Meanwhile, the two 

techniques of TOPSIS and WASPAS are common in the first and second options, namely China 
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and the United States, and in the following options show more similarity than ELECTRE and 

taxonomy, and their ranking results are not unexpected. They are more homogeneous with the 

content of publications related to the achievements and performance of the renewable energy 

sector. This means that we can use them to evaluate the performance of countries. 

We calculated the results obtained from TOPSIS and WASPAS techniques in terms of co-

efficient of variation for assessing the differentiation power of each technique. The CV calcula-

tion shows that the coefficient of variation of the ranking index of Qi of WASPAS is significant-

ly higher than the proximity index of the Ci- of TOPSIS. Therefore, the WASPAS ranking index 

offers a greater range of variation and dispersion under the same conditions. This means that 

WASPAS ranks the options more accurately relative to each other and performs better than the 

two techniques of ELECTRE and TOPSIS. This advantage will prove itself better, if the number 

of options under evaluation increase. While the two techniques of ELECTRE and TOPSIS, if the 

number of options increase, will lead to an overlapped result and show the same ranking place 

for numerous options. 

Given that numerical taxonomy in the ranking of options cannot distinguish the positive 

criteria from the negative ones and uses the same weighting for all criteria, it is not a suitable 

technique for evaluating the performance of countries using crisp numerical data. The results of 

the ranking also indicate that its differentiation power is not considerable . Therefore, we used 

only the homogeneity detection tool of the numerical taxonomy model then ranked options based 

on performance by means of other techniques. Results of ELECTRE show that it cannot make a 

significant difference in distinguishing between options with poor performance and is only suita-

ble for identifying the best performance. From the perspective of coefficient of variation, we cal-

culated the results obtained from TOPSIS and WASPAS techniques in the second step to assess 

the ranking index of each technique in order to compare the power of differentiation of the two 

decision-making techniques. It gives a sense that when only crisp  numerical data is used for as-

sessment , WASPAS method shows like  a better MCDM tool ,specially for ranking numerous 

options. 
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NUMERICAL SIMULATION OF HOLLOW SPINNING PROCESS FOR 

SQUARE CROSS-SECTION CONE 

Hashem Taghipour, 

Department of mechanical engineering, Faculty of Engineering, Khomein, Science and 

ResearchBranch, Islamic Azad University, Tehran, Iran 

ABSTRACT 

The spinning shaping method simulation and study of relevant parameters such as the amount of force 

needed for sheet metal forming can be very effective in the improvement of the pieces production and 

reduction of costs in shaping machine manufacture. The results show that the behaviors of shaping process are 

totally different which indicates the process sensitivity to the working parameters.   

Keywords: spinning shaping method; sheet thickness; roller tip diameter; shaping speed; rotation 

speed. 

Introduction 

Spinning process is an ancient metal forming technology used to manufacture hollow 

products from metal sheets or tubes [18]. In recent years, extensive experimental and numerical 

studies have been carried out Spinning process. Xu and Ju [1] investigated the spinning combus-

tion in a mesoscale divergent channel. They found that the spinning flame only occurred after the 

transition from fast flame regime to slow flame regime. A parameterized toolpath is proposed by 

Polyblank and Allwood [2] based on a quadratic Bezier curve. Their experimental analysis re-

vealed some new features of process mechanics and leads to a proposal for a set of rules that 

may become useful for the automatic toolpath generation. The thickness distribution of a spin 

formed dome in an Aluminum pressure vessel was studied experimentally and a simple formula-

tion to predict the thickness distribution of the dome was proposed by Akkus and Kawahara [3]. 

A modified process for the dry spinning of carbon nanotube yarn is reported by Tran et al. [4] 

and then they investigated the effect of heat treatments and other yarn constructions on the ten-

sile properties. Their experimental results show that the tensile properties were significantly im-

proved. Quigleya and Monaghan [5] presented an experimental analysis of the spinning process 

in which the strains were discussed.  

By Cha et al. [6], the mechanism of the backflow is studied as well as the process condi-

tions to prevent backflow by establishing a numerical analysis procedure using SHAPE-RR FEM 

program. Effects of processing parameters on the surface quality of the square section die-less 

spinning investigated by Jia et al. [7]. 

Indeed, very little is known about the effect of working parameters on the shaping spinning 

process. The obtained results are compared with the published experimental measurements [8] to 

ensure the numerical method. The special feature of this study is that here is considered the ef-

fect of rotation speed, sheet thickness and roller tip radius on shaping spinning process.  

2- Geometrical Model 

In the present work, the Al99 sheet with several thickness of 1, 2, and 3 mm as well as the 

roller with tip diameters of 2, 4, and 6 mm are considered, which show in Figs. 1 and 2, schemat-

ically. It should be note that, in order to compared the current numerical results with experi-

mental data [7] the aluminum sheet thickness and the tip's diameters are achieved 1 and 2 mm, 

respectively. Furthermore, Fig. 3 shows that the roller's position relative to the aluminum sheet 

with an angle of 45
o
, according to the experimental conditions [7]. 
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The chemical compounds are tabulated in Table 1, according to the data from Jia et al. [7]. 

The performed analysis is dynamic and deformation speed is high; therefore, strain rate values 

must be taken into account in the simulation. Material’s plastic behavior is considered to be de-

pendent on the strain rate and the stress-strain diagram is shown in Fig. 4, for different strain 

rates based on Eq. (4). The data in this figure are derived based on Eq. (1).  

 
1

4
( 5 79 3 8) 2 (1 )

m
m T m m m m mT m

f

TAe T e e      
(1) 

In this equation, f , T,   and   are stress, temperature, strain and strain rate in inverse 

seconds, respectively, as well as A, m1, m2, m3, m4, m5, m7, m8, m9 are all constant values 

brought in Table 2. 

Solving Method 

To solve the problem, the explicit dynamic method is employed in ABAQUS software. 

This method is appropriate for simulation of problems in which there exists lots of deformations 

and complex contacts between pieces where the rate of convergence of results is improved. Non-

linear equations of mechanics of materials are employed, i.e. large deformations were accounted 

for.  

As shown in Fig. 5, if the roller is moved from A to B, the relationship between roller’s ro-

tation radius (r) and cylinder’s rotation angle (θ) can be determined in cylindrical coordinates. 

The relationship between the roller’s rotation radius and the rotation angle are brought in Eqs. 2 

and 3. Note that moving from A to B radially, there is a change of Δr in the moving direction; 

and this change in radius is equivalent to a Δθ rotation. The overall roller rotation is designated 

by θ. The initial roller radius is r0, and 1tr  and 2tr represent the radial location of A and B. x  is 

movement in radius direction and q  is half of the path’s corner angles. Boundary conditions in 

ABAQUS are defined in Cartesian coordinates; therefore, so should be defined the roller’s way 

of movement. Roller path in Cartesian coordinates is performed through conversion of coordi-

nate systems and MATLAB programming. The roller path derived from MATLAB codes is 

shown in Fig. 6. As illustrated, the roller rotates 15 times to create a depth of 16 mm.  
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Roller position in X, Y and Z directions is determined by the code as time dependent, 

which is shown in Fig. 7 (a-c) for a roller rotation of 30 RPM. In this project three speeds (30, 50 

and 70) are simulated and the results are studied. Point by point derivatives of position data and 

velocity values in each direction have been calculated in order to exert the proper movement on 

the roller.  

GRID 

Figure 9 displays the schematic of aluminum sheet with linear and quadratic tetrahedral el-

ements. Four computing nodes are used, which are represented with the acronym S4R which is 

appropriate for grid generation of either thin or thick shells. The number of elements is equal to 

11000 and according to the Fig. 9, for a reduction in calculation time, bigger sized elements are 

employed for the region outside the shaping field.  
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Results and Discussion  

Validation  

Fig. 10 illustrates the final shape of the piece from three methods; namely simulation in 

ABAQUS, Forge 3D software [7] and experimental method [7]. The similarity between the 

overall schematic of the simulated piece in ABAQUS with the experimental method is evident in 

this figure. Also, in Table 3, different parameters are calculated and compared in the three meth-

ods such as the initial radius of the final model, its depth and piece’s length. As is evident from 

the data brought in Table 3 and root of R-square.values, the method of present simulation has 

successfully predicted these values with comparison of experimental data [7]. 

Figure 11 shows the sheet deformation in order to comparison between the current simula-

tion and Forge 3D [7] for the times of 9, 18 and 30 s. Based on presented figures, deformation 

calculated in both programs at different times are close. Fig. 12 shows the von Mises stress dis-

tribution predicted by both programs. 

Effect of rotation speed 

In this section, we investigated the effects of rotational speed of the roller the necessary force 

for sheet forming process. In this regard, the tip diameter and sheet thickness are considered to be 4 

and 1 mm, respectively, and via three rotational speeds, i.e. 30, 50 and 70 rpm. 

Figures 15 and 16 display the vertical and radial forces exerted on the roller depending on 

time in various roller speeds. These are in fact the forces needed to form a sheet with several roller 

speed. The radial force is considered as the vector sum of the two horizontal forces as compared to 

the initial sheet state, and according to the figures, force values are oscillatory. Minimum vertical 

force is formed in the corners since the roller does not advance there in vertical direction. Vertical 

force is increased as deformation does which is due to formation of more forces in the sheet. 

Amount of this force becomes constant after several rotations. Radial force is maximum in the cor-

ners as the roller rotation radius there is a lot less than other locations.  

Change in radial force with respect to rotational speed is similar to the vertical force; yet 

the effect of speed is more considerable. Decrease in radial force from 30 to 50 rpm is about 14 

percent. 

Effect of sheet thickness 

In current analyses, the tip radius is 2mm with a rotational speed of 30 rpm. Three different 

sheet thicknesses, namely 1, 2 and 3 mm were investigated. In Figs. 18, the vertical exerted force 

on the roller for thicknesses 1, 2 and 3 mm is shown respectively. As seen in the figures, for a 

thickness of 1 mm, maximum force is produced at the end of shaping process. While in the case 

of the 3 mm thickness, maximum force occurs at the beginning. Furthermore, Fig. 19 shows the 

radial exerted force on the roller for the three thicknesses during shaping process. The reduction 

from 50 to 70 rpm is about 5.5 percent. 

Maximum vertical and radial forces for the three thicknesses are illustrated in Fig. 20 (a-b). 

As seen in the figure, the change in force with respect to thickness is not linear and its rate aug-

ments with an increase in thickness. Vertical and radial forces experience an increase of 64 and 

49%, respectively, as the thickness changes from 1 to 2 mm. a change in thickness from 2 to 3 

mm also causes 116 and 214 percent increase in vertical and radial forces, respectively. 

Effect of roller tip radius 

In order to investigate the tip radius effects on the forces, a shaping process with thickness 

of 1 mm, rotational speed of 30 RPM with three different roller tip radii, namely 1, 2 and 3 mm 

is simulated.  

In figs. 23 (a-b), the maximum vertical and radial forces for different tip radii are shown. 

Based on the figures, the maximum force on the roller decreases with an increase in tip radii and 
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its rate of change augments with an increase in thickness. With an increase in the tip radius from 

1 to 2 mm, the amount of maximum vertical and radial forces decrease about 0.9 and 5.4, respec-

tively. Their maximum amounts reduce about 0.6 and 16.9 as the tip radius increases from 2 to 3 

mm, respectively. 

Conclusion 

In this paper, the shaping process modeling through the spinning shaping method have 

been investigated by explicit dynamic method in ABAQUS software, and the results are com-

pared with available experimental data [7] and Forge 3D software [7]. The results show that the 

predicted results of present work have been compared with experimental data [7] has higher ac-

curacy than Forge 3D [7]. Afterwards, the effects of working parameters such as, rotation speed, 

sheet thickness and roller tip radius on shaping spinning process.  

 

R=80 mm 

 

r0=25 mm, L=77.7 mm, h=16 mm 

Figure 1 – Model geometry and dimensions of the aluminum plate before and after forming 

 

Figure 2 –  Roller geometrical model and dimensions 
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Figure 3 – Placement of aluminum sheet and roller 

 

Figure 4 – Stress-strain diagram of A99 for different strain rates [1] 

 

Figure 5 – Location of roller in one rotation 

 

Figure 6 – Roller path calculated by the MATLAB code 
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X-Coordinate Y-Coordinate Z-Coordinate 

Figure 7 –  Roller position during analysis 

 

Figure 8 – Place of aluminum foil which is bound on all sides 

 

Figure 9 – Schematic of aluminum sheet Grid 

  

ABAQUS Simulation Forge3D Simulation Experimental 

Figure 10 – Final shape of obtained piece 
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Figure 11 – Sheet deformation in 9, 13 and 30 seconds after the commencement of analysis in both 

ABAQUS and Forge 3D [19] 

 

Figure 12 – Von Mises stress distribution predicted by both ABAQUS and Forge 3D [19] 
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Figure 13 – predicted plastic strain by both ABAQUS and Forge 3D [19] and at different times 

  

90o 0o 

  

270o 180o 

Figure 14 – Thickness of the sheet after shaping 
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Figure 15 – Vertical force exerted on the roller in shaping during 

   

Figure 16 – Radial force exerted on the roller in shaping during 

  

vertical Radial 

Figure 17 – Maximum a- vertical and b- radial force exerted on the roller for different rotational 

speeds 

   
1 mm 2 mm 3 mm 

Figure 18 – Vertical force exerted on the roller for a sheet thickness of a- 1 mm, b- 2mm and c- 3mm 

during shaping 
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c - 3 mm b – 2 mm a - 1 mm 

Figure 19 – Radial force exerted on the roller for a sheet thickness of a- 1 mm, b- 2mm and c- 3mm 

during shaping 

  

Vertical Radial 

Figure 20  –Maximum a- vertical and b- radial forces exerted on the roller for different thicknesses 

 
  

3 mm 2 mm 1 mm 

Figure 21 –  Vertical force exerted on the roller at the during of sheets shaping for a radius of a- 1 

mm, b- 2 mm and c-3 mm tip roller 
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3 mm 2 mm 1 mm 

Figure 22 – Radial force exerted on the roller at the during of sheets shaping for a radius of a- 1 mm, 

b- 2mm and c-3 mm tip roller 

  

Radial Vertical 

Figure 23 – Maximum a- vertical and b- radial forces exerted on the roller  
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ABSTRACT 

The mobile robotic arm is a complex system with the features of the interaction between the arm and the 

moving body of the robot, the holonomic and non-holonomic constraints, the multivariate and nonlinear 

dynamics. Its control is subject to external disturbances, parametric uncertainties, and unmodified dynamics. 

Although the robot's stimuli work in the joint space, the robot's final executor is controlled in the workspace. 

That is why, in designing a robotic arm control system in the workplace, the Jacobine matrix is adopted to 

transform the joint space into the workspace. Mobile robots and automated controlled machines can be used 

for a mixture of purposes, such as material transportation, servicing in nuclear environments, military 

environments, and more. In modern years, comprehensive studies have been conducted to control these robots. 

Since the creation of the robot for different fields was proposed, we have been dealing with the matter of 

routing and especially intelligent routing. Routing implies finding the optimal route from the starting point to 

reaching the end, without colliding fixed and moving obstacles along the way. In this essay, we review and 

apply fuzzy control applications in robotics. 

Keywords: mobile robotic arm; fuzzy control; adaptive fuzzy control; intelligent routing; fuzzy logic. 

Introduction 

Robotic arms perform an essential part in the industry and perform some industrial tasks 

promptly and accurately. One of the significant reasons for working robotic arms is to decrease 

production costs, enhance quality and accuracy, and improve production. Because compared to 

other specialized devices, they are more flexible in performing various duties [1]. Many robots 

are powered by electric motors. On the other hand, robot joints demand high torque and move 

slowly. As a result, the engines are provided with a power transmission system to drive the robot. 

To do anything, we have to control the robot. One of the most extensively used classic control-

lers in robot joint space is proportional-integral-derivative control. By extending their research in 

this area, researchers have determined that the proportional-integral-derivative controller is not 

only simple and feasible but also stable and robust facing the uncertainties of the robotic arm in 

point adjustment mode [2]. Next, using a separate joint control strategy, this method and the pro-

portional-derivative control method, along with compensating for gravitational torque, have been 

practiced as conventional techniques in controlling the position of the robotic arm position [3]. 

To prevail these challenges, the researchers proposed adaptive and resistant controllers [4]. 

Application of mobile robots 

These applications involve moving towards a specific object while avoiding collision with 

obstacles. In an unknown environment, the use of universal methods is unmanageable or very 

costly since it needs a complete map of the environment. Accordingly, since universal methods 

for solving such problems are impossible, local methods such as fuzzy systems or neural net-

works must be used [5]. 

In local methods, the mobile robot needs to be checked in time to assess the requirements of 

the control system. In several recent studies, controllers such as adaptive [6], robust [7], and fuzzy 

controllers [8-11] or evolutionary [12, 13] have been used to control robots in unknown settings. 

The problem of controlling the mobile robot is generally classified into two sub-issues: find-

ing the objective and dodging obstacles. In the absence of obstacles, the robot moves towards the 
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object. Otherwise, the robot will react to the obstacle and its relative location to the target based on 

the data acquired from the sensor in the center of the robot. When moving towards the object (with 

obstruction avoidance strategy), the robot changes its angular and linear velocity. 

Fuzzy control features in routing 

Robots, like computers, can be programmed. They do various things based on the type of 

program they are given. Robots are used in a variety of social applications, including to help 

humans in doing chores, as a smart tool to help with education, treatment, and social services in 

public and recreational areas. One of the prerequisites for the robot's presence in the community 

is the ability to steer the route without disturbing the people in the setting, as well as avoiding 

fixed and moving obstacles. 

Mobile robot navigation with fuzzy logic and avoiding obstacles [14] 

There are three key matters in controlling the mobile robot: 1. Where am I? (Robot loca-

tion problem) 2- How can I go from point A to point B? (Robot route planning problem) 3. The 

third problem can be: What is the world like? (Usually refers to drawing a map). The first prob-

lem is deciding. Because a mistake made in a given situation will unavoidably bring about wrong 

and even unsafe behavior. Such as moving to the wrong position - acting in the wrong position 

or collision. The first and third issues are interrelated. Because when there is an exact description 

of the context, the robot can determine its location by pairing its observations with the world 

model. 

Fuzzy control of the robot arm 

A robot is an electromechanical machine for executing many tasks [15]. It is a machine 

that does continuous and repeated work without fatigue and at high speed and without blunders 

(i.e. with low error). The robots further have three principal components: the brain, the actuator, 

and the mechanical part and the sensor. The most crucial parts of a robot are its arms, which op-

erate the chief operations. The robot's arm has three degrees of freedom. The first degree of free-

dom is related to the rotation of the lower arm around the axis perpendicular to the ground, the 

second degree of freedom is related to the rotation around the point of connection of the lower 

and middle arm, and the third degree of freedom is related to the rotation of the upper arm 

around the connection point of the upper and middle arm [16]. 
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Conclusion 

The fuzzy controller provided to guide the robot in a crowded environment is full of obsta-

cles and achieves a specific goal without encountering the obstacles mentioned. One of the bene-

fits of the designed controller is its high accuracy in controlling the robot using the least Rule 

base. Using fuzzy logic, which is an uncertain method, a behavioral controller can be designed 

for a mobile robot that provides suitable and relative results due to the prevailing uncertainty and 

guides the system to achieve the goal of tracking the wall without colliding with an obstacle, as 

well as collecting data from the environment with sensor data. 
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АННОТАЦИЯ 

С помощью компьютерного моделирования получены ИК- спектры исследуемых молекул 

галогенидов холина и ацетилхолина. Изучены ИК- полосы, соответствующие различным связям и 

атомным группам, присутствующим в катионах молекул. Также изучено влияние анионов хлора, брома 

и йода на катионы холина или ацетилхолина. 

Ключевые слова: галогениды холина, галогениды ацетилхолина, оптические свойства, 
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ABSTRACT 

The IR spectra of the studied molecules of choline and acetylcholine halides were obtained using 

computer simulation. The IR bands corresponding to various bonds and atomic groups present in the cations of 

molecules have been studied. The effect of chlorine, bromine and iodine anions on choline or acetylcholine 

cations has also been studied.  

Keywords: choline halides, acetylcholine halides, optical properties, computer modeling.  

Холин является органическим соединением, катионом 2-

гидроксиэтилтриметиламмония, [(CH3)3N
+
CH2CH2OH] (Ch

+
), и состоит из этаноламина, 

имеющего три метильных заместителя, присоединенных к аминогруппе [1]. Его кристал-

лы хорошо растворимы в воде, этаноле, менее растворимы в амиловом спирте, ацетоне и 
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хлороформе, нерастворимы в диэтиловом эфире, сероуглероде, четыреххлористом угле-

роде и бензоле [2]. Холины распространены в природе, содержатся во многих растениях и 

животных [3]. Ацетилхолин [СH3CO(O)CH2CH2N
+
(СH3)3] (ACh

+
) является ацетильным 

производным холина, который действует как нейротрансмиттер. Это соединение является 

важным веществом для нервной системы и улучшает память. При кипячении и длитель-

ном хранении растворы разлагаются [4]. 

Зеленая химия – область химии и химической инженерии, включающее в себя любое 

усовершенствование химических процессов, которое положительно влияет на окружаю-

щею среду, то есть происходит разработка продуктов или процессов, которые минимизи-

руют или исключают использование и образование опасных веществ. Зеленая химия со-

средотачивается на воздействии химии на окружающую среду, на сокращении потребле-

ния невозобновляемых ресурсов и технологических подходах для предотвращения загряз-

нения [5, 6]. В развитии зеленой химии важную роль играет холин и его производные. 

Синтез полимеров при помощи экологически безопасных процессов вызывает все боль-

ший интерес. Использование различных химикатов и растворителей с меньшей токсично-

стью становится более предпочтительным для синтеза полимеров. Галогениды холина [7, 

8] используются в качестве катализаторов в получении полиметакрилатов и полиакрила-

тов. Области практического применения холина и его производных весьма обширны, но 

физическими методами холины исследованы недостаточно. 

Целью работы является исследование оптических свойств галогенидов холина и аце-

тилхолина с помощью компьютерного моделирования.  

При помощи программного пакета CRYSTAL17 [9] проведено исследование моле-

кулярных соединений холина и ацетилхолина. Использовались базисные наборы: H_3-

1p1G, N_6-31d1G, O_6-31d1, O_6-31d1, а для атомов йода, брома и хлора был использован 

псевдопотенциальный базис HAYWLC-31G [10]. В рамках теории функционала плотности 

в расчетах применялся гибридный функционал B3LYP-D3.Рассмотрим полученные в 

настоящей работе ИК- спектры галогенидов холина (рис. 1-3) и галогенидов 

ацетилхолина (рис. 4-6) в диапазоне частот 0-4000см
-1

. 

 

Рисунок 1 – ИК-спектр йодида холина 
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Рисунок 2 – ИК-спектр хлорида холина 

 
Рисунок 3 – ИК-спектр бромида холина 

 

Рисунок 4 – ИК-спектр йодида ацетилхолина 
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Рисунок 5 – ИК-спектр хлорида ацетилхолина 

 

Рисунок 6 – ИК-спектр бромида ацетилхолина 

В диапазоне частот 2500-4000 см
-1

 проявляются валентные колебания гидроксильной 

группы OH и валентные симметричные и антисимметричные колебания метильной CH3 и 

метиленовой CH2 групп. В этом диапазоне в ИК-спектрах присутствует пик с частотой 

3829 см
-1

 в йодиде и 3833 см
-1

 в бромиде и хлориде холина вызванный валентными коле-

баниями группы OH.  

В галогенидах холина наблюдается серия пиков в диапазоне частот 3000-3200 см
-1

. 

Данные пики проявляются вследствие симметричных и антисимметричных колебаний ме-

тильных и метиленовых групп. Максимум интенсивности приходится на пик соответ-

ствующий частоте в йодиде холина 3058 см
-1

,  в бромиде холина – 3046 см
-1

, в хлориде 

холина – 3055 см
-1

. 

В ИК-спектрах в области частот 500-1500 см
-1

 можно наблюдать валентные колеба-

ния простых связей C-C, C-N, C-O. 

В области частот 200-1600 см
-1

 наблюдается серия пиков. Наиболее интенсивные из 

них в ChI – 1552 см
-1

, 1522 см
-1

, 1504 см
-1

, 1444 см
-1

, в ChBr – 1556 см
-1

, 1524 см
-1

, 1505 см
-1

, 

1442 см
-1

, в ChCl – 1559 см
-1

, 1526 см
-1

, 1506 см
-1

, 1441 см
-1

 вызваны деформационными ко-
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лебаниями C-H в группах CH3. Пик появляется в йодиде холина при 1467 см
-1

, а в бромиде и 

хлориде холина при 1464 см
-1

 вследствие деформационных колебаний C-H в группе CH2. 

Пики 1286 см
-1

 в йодиде холина, 1288 см
-1

 в бромиде и хлориде холина, а также пик 1250 

см
-1

, проявляющийся в трех молекулах, соответствуют валентным колебаниям связей C-N. 

В области частот 500-1200 см
-1

 в ряду галогенидов холина наблюдается самый ин-

тенсивный пик 1110 см
-1

 для йодида и бромида и 1109 см
-1

 для хлорида. Появление поло-

сы высокой интенсивности на данной частоте вызвано валентным колебанием простой 

связи C-O. 

В этом же диапазоне частот наблюдается четыре пика меньшей интенсивности, вы-

званные валентными колебаниями связей C-N в молекулах галогенидов холина: ChI – 

1002 см
-1

, 974 см
-1

, 963 см
-1

, 874 см
-1

, ChBr – 1003 см
-1

, 976 см
-1

, 962 см
-1

, 874 см
-1

, ChCl – 

1003 см
-1

, 977 см
-1

, 962 см
-1

, 874 см
-1

. 

В диапазоне частот 0-500 см
-1

 наблюдается полоса высокой интенсивности в соеди-

нениях холина с пиками 297 см
-1

 и 308 см
-1

 для йодида, 303 см
-1

 и 315 см
-1

 для бромида, 

304 см
-1

 и 316 см
-1

 для хлорида. 

На рисунке 7 представлено сравнение полученных спектров для галогенидов холина. 

Так как в трех исследуемых молекулах один и тот же катион – холин, то спектры по 

большей части совпадают, лишь с небольшой корреляцией за счет влияния разных анио-

нов на катион. 

 

Рисунок 7 – ИК-спектры галогенидов холина 

Перейдем к рассмотрению ИК-спектров, полученных в настоящей работе для гало-

генидов ацетилхолина, в том же диапазоне частот, что и для соединений с холином.  

В диапазоне частот 3000-3200 см
-1

 наблюдается широкая интенсивная полоса, макси-

мумы которой приходятся на частоты в AChI – 3178 см
-1

, 3152 см
-1

, 3085 см
-1

, 3034 см
-1

, в 

AChBr – 3175 см
-1

, 3146 см
-1

, 3085 см
-1

, 3017 см
-1

, в AChCl – 3175 см
-1

, 3149 см
-1

, 3085 см
-1

, 

3027 см
-1

. Эти пики вызваны валентными симметричными колебаниями метильных групп. 

Максимум данной полосы приходится на частоты  3048 см
-1

, 3037 см
-1

, 3045 см
-1

 для йоди-

да, бромида и хлорида ацетилхолина соответственно. Данные пики проявляются вследствие 

валентных колебаний метильных и метиленовых групп. Пики с частотами 3027 см
-1

, 3008 

см
-1

, 3024 см
-1

 для AChI, AChBr, AChCl соответственно, вызваны колебаниями группы CH2. 

В отличие от галогенидов холина, в молекулах с ацетилхолином в интервале частот 

500-3000 см
-1

 наблюдается единственный пик с частотой 1856 см
-1

 для йодида ацетилхо-
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лина, 1854 см
-1

 для бромида ацетилхолина и 1853 см
-1

 для хлорида ацетилхолина. Пик вы-

зван валентными колебаниями двойной связи C=O.  

Диапазон 200-1600 см
-1

 широкую полосу средней интенсивности с тремя выраженны-

ми пиками. Наибольшей интенсивностью в этой полосе обладает пик с частотой 1503 см
-1

, 

1504 см
-1

, 1506 см
-1

 для AChI, AChBr, AChCl возникший вследствие деформационных коле-

баний C-H в метильных и метиленовых группах. Следующие пики находятся на частотах 

1467 см
-1

, 1404 см
-1

 для йодида, 1465 см
-1

, 1404 см
-1

 для бромида, 1466 см
-1

, 1403 см
-1

 для 

хлорида ацетилхолина вызванные деформационными колебаниями групп CH3 и CH2.  

Максимум интенсивности молекулы приходится на частоту 1252 см
-1

, 1255 см
-1

, 

1257 см
-1

 для йодида, бромида и хлорида ацетилхолина соответственно. Далее расположен 

пик средней интенсивности с частотой 1240 см
-1

 для йодида ацетилхолина и 1241 см
-1

 для 

бромида и хлорида ацетилхолина. 

В следующем интервале частот 1200-500 см
-1

 расположено несколько пиков. Пики 

на частотах 1110 см
-1

, 1084 см
-1

; 1111 см
-1

, 1083 см
-1

; 1112 см
-1

, 1082 см
-1

 для AChI, AChBr, 

AChCl соответственно, вызваны валентными колебаниями связи C-O. 

Полоса средней интенсивности, включающая три пика с частотами 1007 см
-1

, 969 см
-

1
, 963 см

-1
 для йодида, 1009 см

-1
, 970 см

-1
, 964 см

-1
 для бромида и 1010 см

-1
, 971 см

-1
, 964 

см
-1

 для хлорида ацетилхолина, вызванные колебаниями связей C-N и C-C. 

Далее в этом диапазоне находится еще два пика на частотах 874 см
-1

, 873 см
-1

, 874 

см
-1

, соответственно для йодида, бромида и хлорида ацетилхолина. Эти пики проявляются 

вследствие валентных колебаний связей C-N. Полосы для AChI  830 см
-1

, AChBr 831 см
-1

, 

AChCl 833 см
-1

 проявляются вследствие деформационных колебаний метиленовых групп. 

В области решеточных колебаний 500-0 см
-1

 наблюдается пик на частоте 457 см
-1

, 464 

см
-1

, 473 см
-1

 соответственно для AChI, AChBr, AChCl. Далее в спектре присутствует серия 

пиков с частотами для йодид ацетилхолина – 224 см
-1

, 158 см
-1

, 117 см
-1

, для бромид ацетил-

холина – 226 см
-1

, 164 см
-1

, 132 см
-1

, для хлорид ацетилхолина – 229 см
-1

, 187 см
-1

, 163 см
-1

. 

Сравнивая ИК-спектры галогенидов ацетилхолина, представленные на рисунке 8, 

можно увидеть, что полосы интенсивностей в диапазоне 4000-500 см
-1

 исследуемых моле-

кул хорошо коррелируют между собой. Небольшие отличия возникают в области решеточ-

ных колебаний молекул, за счет действия анионов галогенидов на катион ацетилхолина. 

 

Рисунок 8 – ИК-спектры галогенидов ацетилхолина 

Таким образом, сравнивая ИК- спектры галогенидов холина и ацетилхолина, можно 

сделать вывод, что ИК- полосы в области частот 500-4000 см
-1

 характерны для связей и 
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атомных групп присутствующих в катионах молекул, поэтому отличаются незначительно. 

В исследуемых молекулах отличия проявляются в области решеточных колебаний 0-500 

см
-1

, что связано с различием анионов (хлор, бром, йод). 
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INVESTIGATING THE PROPERTIES OF CONTINUOUS AND 

DISCRETE FRAMES IN HILBERT SPACE 

Sara Saifi, 

Department of Mathematics, Azad University, Mashhad Branch, Mashhad, Iran 

ABSTRACT 

Frames have features like saturation, display sizes and perturbation in certain states. These concepts are 

defined and their properties are discussed for Hilbert spaces that might not be separable and indexed by a 

scalable space like (Ω, μ). Some of their properties are like those of the discrete state but some with more 

complexities. 

Keywords: Hilbert Space; frame operator; continuous frame; discrete frame; frames’ properties. 

Introduction: 

Discrete and continuous frames not only play an important role in mathematics but they are 

also widely applied in signal and image processing, information compaction, sampling theory, 

and wavelet analysis. One of the studies regarding the frames’ theories is the article by Kasza 

entitled “the art of frame theory”. In applied terms, his article entitled “a new instrument for 

Will-Heisenberg’s theory of frame” can be pointed out.  

Each discrete frame on Hilbert Space is a combination of Riesz basis for a larger Hilbert 

space and every dual pair of the frames in a dual pair is amongst Riesz bases. 

Knowing the general properties of Hilbert Space, Bessel sequence and Riesz basis, this ar-

ticle seeks to introduce the frame in Hilbert space and prove the connection attribute. 
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Operators on Hilbert Space: 

Mapping T from the X vector space onto YI vector space is called a linear transformation. 

When 𝑇(𝑎𝑥1 + 𝑏𝑥2) = 𝑎𝑇(𝑥1) + 𝑏𝑇(𝑥2) for every scalar a and b and every 𝑥1, 𝑥2 ∈ 𝑋, the line-

ar transformations from X onto X are often called linear operators of X.  

Definition 1: operator T:X→ 𝑋 is bounded if there is a real number k that ≤ 𝐾||𝑥||   ,⩝ 𝑥 ∈

𝑋||𝑇𝑥 ||. 

T norm includes:  

||𝑇|| = sup{||𝑇𝑥||  ;  ||𝑥|| < 1} = sup {
||𝑇𝑥||

||𝑥||
   , 𝑥 ≠ 0} = sup {||𝑇𝑥||  , ||𝑥|| < 1} 

Theorem 1: a linear operator is continuous if and only if it is bounded. 

Theorem 2: if T and X are bounded, then TS is also bounded: 

||𝑇𝑆|| ≤ ||𝑇|| ||𝑆|| 

Definition 2: assume H and K are Hilbert spaces with norms ||. || 𝐻 and ||. || 𝐾 and internal 

multiplications <. , . >  𝐻 and <. , . >  𝐾 and 𝑇: 𝐻 → 𝑋 is linear. 

T is one-to-one if 𝑥 ≠ 𝑦 then 𝑇𝑥 ≠ 𝑇𝑦. 

T is in a range spanning 𝑅𝑎𝑛𝑔(𝑇) = {𝑇𝑥 ∶ 𝑥 ∈ 𝐻} 

T is surjective if 𝑅𝑎𝑛𝑔(𝑇) = 𝐾 

T is bijective if it is both one-to-one (injective) and onto (surjective). 

It is a bijective linear transformation in the form 𝑇−1: 𝐾 → 𝐻 defined by 𝑇−1𝑦 = 𝑥. 

It is said T is a topological isomorph when it is linear, bijective and continuous and 𝑇−1 is 

continuous. 

Theorem 3: Assume X and Y are normed spaces and T is a linear mapping of X on Y in 

which T is an isomorph if and only if positive numbers α and β are existent that: 

𝛼||𝑥|| ≤ ||𝑇𝑥|| ≤ 𝛽||𝑥||. 

Definition 3: the system of all linear and bounded transformations from X to Y is designat-

ed by L(X.Y). It is shown by L(X) when X=Y and if Y=F be the scalars. L(X,F) is denoted by 

X* and it is termed the dual space of X and every member of X* is a linear functional. 

Definition 4: assume K and H are Hilbert spaces and 𝑇: 𝐻 → 𝐾 is a bounded linear trans-

formation. Then, concatenating transformation of T is the operator 𝑇∗ ∶ 𝐾 → 𝐻 that < 𝑇𝑥, 𝑦 >=

< 𝑥, 𝑇𝑦
∗ > for every member 𝑥 ∈ 𝐻 and every 𝑦 ∈ 𝐾. 

Theorem 4: T’s concatenation operator, to wit T*, exists and it is unique and T* is a 

bounded linear transformation and ||𝑇∗|| = ||𝑇||. 

Definition 5: assume H is a Hilbert space with the norm ||. || and internal multiplication of 

<. , . > and 𝑇: 𝐻 → 𝐻 is a linear operator.  

1) T is the concatenation if T=T* meaning that if < 𝑇𝑥, 𝑦 >=< 𝑥, 𝑇𝑦
 > for every 

𝑥, 𝑦 ∈ 𝐻. 

2) T is positive and shown by 𝑇 ≥ 0 if < 𝑇𝑥 >, 𝑥 ≥ 0 for every 𝑥 ∈ 𝐻. 

Definition 6: bounded operator T is an isometric operator on Hilbert Space, H, if 

= ||𝑥||   ,⩝ 𝑥 ∈ 𝑋||𝑇𝑥 ||. 

Definition 7: bounded operator T is a unitary operator on Hilbert space, H, if 𝑇∗𝑇 = 𝑇𝑇∗ = 𝐼. 

Definition 8: T is a unitary operator if and only if it is reversible and  𝑇−1 = 𝑇∗. 

Frame and its Operator: 
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Definition 9: the family {𝑓 𝑖} 𝑖∈𝐼 ⊆ 𝐻 is called a H frame for Hilbert space, if the positive 

numbers A and B exist in such a way that 

∀𝑓𝜖𝐻: 𝐴‖𝑓‖2 ≤ ∑  𝑖∈𝐽 | < 𝑓, 𝑓𝑖 > |2 ≤ 𝐵‖𝑓‖2.  

Numbers A and B are called the bounds of the frame with the former being the lower 

boundary and the latter the upper boundary.  

Lemma: every singular orthogonal basis is a normalized tight frame. 

Proof: assume that (𝑒𝑛) 𝑛∈𝑁 is a singular orthogonal basis for Hilbert Space, H. In this 

case, based on Parseval Theorem: 

‖𝑓‖2 = ∑ | < 𝑓, 𝑒𝑛 > | 2

𝑛∈𝑁

 

∀𝑓𝜖𝐻 

So, (𝑒𝑛) 𝑛∈𝑁 is a normal tight frame. 

Lemma: assume that (𝑓𝑛) 𝑛∈𝑁 is a sequence in Hilbert Space, H, with every f of H holding 

in the equation 𝑓 = ∑ < 𝑓, 𝑓𝑛 >𝑛 . In this case, (𝑓𝑛) 𝑛∈𝑁 is the normal tight frame for H. 

Proof: for every f: 

‖𝑓‖2 =< 𝑓, 𝑓 >=< ∑ < 𝑓, 𝑓𝑛 > 𝑓𝑛𝑓 > 

< lim
𝑛→∞

∑ < 𝑓, 𝑓
𝑘

>< 𝑓, 𝑓
𝑘

>̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅

𝑛

𝑘=1

= lim
𝑛→∞

∑ | < 𝑓, 𝑓
𝑘

> | 2
𝑛

𝑘=1

= lim
𝑛→∞

∑ | 2
𝑛

𝑘=1

 

Then, ‖𝑓‖2 = ∑ | < 𝑓, 𝑓𝑘 > | 2𝑛
𝑘=1  for every 𝑓𝜖𝐻. 

So, (𝑓𝑛) 𝑛∈𝑁 is a normal tight frame. 

Lemma: if {𝑓𝑖
 } 𝑖=1

∞  be a frame for H and a finite number of vectors is added thereto, it will 

still remain a frame.  

Proof: if  {𝑓𝑖
 } 𝑖=1

∞  be a frame for H:  

∃ 𝐴, 𝐵 > 0; 𝐴‖𝑓‖2 ≤ ∑|𝑓, 𝑓𝑖| 
2 ≤ 𝐵

∞

𝑖=1

‖𝑓‖2      ∀𝑓 ∈ 𝐻 

If vectors {𝑓1
҆ , 𝑓2

҆ , … , 𝑓𝑛
҆ } are added: 

 𝐴‖𝑓‖2 ≤ ∑ |𝑓, 𝑓𝑖| 2∞
𝑖=1 < 𝐴‖𝑓‖2 ≤ ∑ |𝑓, 𝑓𝑖| 2∞

𝑖=1 +≤ ∑ |𝑓, 𝑓𝑖
҆ | 2∞

𝑖=1  since  𝑓𝑖
҆ > | 2  ∀1 ≤ 𝑖 ≤

𝑛, | < 𝑓 is positive. 

So the lower boundary of the frame {𝑓𝑖
 } 𝑖=1 

∞ ∪ {𝑓𝑖
҆ } 𝑖=1

∞  can be considered as 𝐴҆ = 𝐴. 

∑|𝑓, 𝑓𝑖| 2
∞

𝑖=1

+≤ ∑|𝑓, 𝑓𝑖
҆| 2

∞

𝑖=1

≤ 𝐵‖𝑓‖2 + ∑ ||𝑓|| 2
∞

𝑖=1

||𝑓𝑖
҆|| 2 

||𝑓|| 2(𝛽 + ∑||𝑓𝑖|| 
2)

∞

𝑖=1

 

The rule still holds in case of putting ∑  ∞
𝑖=1 ||𝑓𝑖

҆|| 2  𝛽 ҆ = 𝛽 +. 

Definition 10: if  {𝑓𝑖
 } 𝑖=1

∞  be a frame (based on the lemma), the family {𝑓𝑖
 } 𝑖=1

∞  is a frame 

for Hn space generated by {𝑓𝑖
 } 𝑖=1

∞  for every 𝑛 ∈ 𝑁. 

Operator Sn is:  

𝑆𝑛: 𝐻𝑛 → 𝐻𝑛 

𝑆𝑛𝑓 = ∑ < 𝑓, 𝑓𝑖 >

𝑛

𝑖=1

𝑓𝑖 

Lemma: operator S is self-concatenating and positive. 

Proof:  
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< 𝑆𝐹, 𝑓 > ∑ < 𝑓, 𝑓
𝑛

> 𝑓
𝑛

. 𝑓 > = 

𝑛∈𝑁

∑ < 𝑓, 𝑓
𝑛

>< 𝑓
𝑛

, 𝑓 > = 

𝑛∈𝑁

 

∑ < 𝑓, 𝑓𝑛 >< 𝑓, 𝑓𝑛 >̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅

 

𝑛∈𝑁

= ∑  

𝑛∈𝑁

| < 𝑓, 𝑓𝑛 > | 2 

Therefore,  

< 𝑆𝑓, 𝑓 > =< ∑  

𝑛∈𝑁

| < 𝑓, 𝑓
𝑛

> | >  2 ≥ 0 

So, 𝑆 ≥ 0 

Since every positive operator is self-concatenating, S is also self-concatenating. 

Lemma: operator S is bounded.  

Proof:  

||𝑆𝑓|| 2 = 𝑆𝑈𝑃 {| < 𝑆𝑓, 𝑔 > |, 𝑔 ∈ 𝐻 , ||𝑔|| = 1} 

= 𝑠𝑢𝑝||𝑔||=1{| ∑ < 𝑓,

𝑖∈𝐼

𝑓𝑖 > 𝑓𝑖 , 𝑔 > | 2} = 𝑠𝑢𝑝||𝑔||=1{| ∑ < 𝑓,

𝑖∈𝐼

𝑓𝑖 >< 𝑓𝑖 , 𝑔 > |} 

≤ 𝑠𝑢𝑝
||𝑔||=1

(∑ | < 𝑓,

𝑖∈𝐼

𝑓
𝑖

>  2|)(∑ |

𝑖∈𝐼

< 𝑓
𝑖
, 𝑔 >  2|) 

≤ 𝐵 (∑ | < 𝑓,

𝑖∈𝐼

𝑓𝑖 >  2| ) 𝑠𝑢𝑝||𝑔||=1||𝑔|| 2 ≤ 𝐵2||𝑓|| 2 

||𝑆𝑓|| 2

||𝑓|| 2
≤ 𝐵2 ⇒

||𝑆𝑓||

||𝑓||
≤ 𝐵 ⇒ ||𝑆|| ≤ 𝐵 

Theorem 5: assume {𝑓𝑛} 𝑛∈𝑁 and ∑ 𝐶 𝑛𝑓𝑛𝑛∈𝑁  are converging for every {𝑐𝑛} 𝑛∈𝑁. In this 

case, the mapping {
𝑇: 𝑙2 → 𝐻

{𝑐𝑛} → ∑ 𝐶| 𝑛𝑓𝑛𝑛∈𝑁
 is a bounded linear operator with its concatenating oper-

ator being:  

𝑇 ∗: 𝑙2 → 𝐻 

𝑇 ∗(𝑓) → {< 𝑓, 𝑓𝑛 >}  𝑛∈𝑁
 

Theorem 6: {𝑓𝑛} 𝑛∈𝑁 is a Bessel sequence if and only if {
𝑇: 𝑙2 → 𝐻

{𝑐𝑛} → ∑ 𝐶| 𝑛𝑓𝑛𝑛∈𝑁
 is a well-

defined operator. In this case, T will be spontaneously bounded.  

Bessel Sequences and Riesz Bases: 

Definition 11: {𝑓𝑖
 } 𝑖=1

∞  is called a Bessel sequence when it is proved that B>0 in such a way 

that the relation (∑ | < 𝑓,𝑖∈𝐼 𝑓𝑖 >  2| ) ≤ 𝐵 ||𝑓|| 2 holds true for every 𝑓 ∈ 𝐻. 

Theorem 7: assume  {𝑓𝑖
 } 𝑖=1

∞ ⊆ 𝐻 in which case {𝑓𝑖
 } 𝑖=1

∞  is a Bessel Sequence with B 

boundary if and only if the operator 𝑇: 𝑙2(𝐼𝑁) → 𝐻 with constraint ∑ 𝑐𝑖
∞
𝑖=1 𝑓𝑖 = 𝑇{𝑐𝑖} 𝑖=1  

∞  is a 

well-defined operator 𝑙2(𝐼𝑁) from H to √𝐵 > ||𝑆||. 

Theorem 8: assume {𝑓𝑖
 } 𝑖=1

∞ = {𝑇𝑒𝑖} 𝑖=1
∞  be a Riesz basis for H with T and {𝑒𝑖} 𝑖=1

∞  being 

similar to the definition. In this case A and B would be: 

𝐴||𝑓|| 2 ≤ ∑ |< 𝑓, 𝑓𝑖 >| 2∞
𝑖=1 ≤ 𝐵 ||𝑓|| 2      ∀𝑓 ∈ 𝐻. 

Frames’ Properties: 

The important properties of frames are discussed and proved here. 

Theorem 9: assume F is a (Ω, 𝜇). Thus, the following conditions are equivalents: 

F is a frame−(Ω, 𝜇) for H. 
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Bessel is called G mapping that for every x.y ∈ 𝐻, the following formula is called a recon-

structed formula regarding frame F:  

< 𝑥, 𝑦 >= ∫ < 𝑥, 𝐺(𝜔) >< 𝐹(𝜔)𝑑𝜔
 

Ω

 

This integral is convergent in a weak topology of H.   

Every (Ω,μ)-frame G holding is called a dual frame and that F and G are duals of one an-

other. If there is a reversible operator 𝑆: 𝐻 → 𝐾 in such a way that SF(𝜔) = 𝐺(𝜔) and easily 

checkable, the two (Ω,μ)-Frames F and G are respectively equivalent. 𝑆
−1

2 𝐹(𝜔) is a tight normal 

(Ω,μ)-frame and 𝑆−1𝐹 is a dual of F in case that F is a (Ω,μ)-frame where 𝑆: 𝑇𝐹
∗𝑇𝐹. 

𝑓 = ∫ < 𝑓,
 

Ω

𝑆
1
2𝐹(𝜔)𝑆

−1
2 𝐹(𝜔)𝑑𝜇(𝜔) 

Assume that A and B constants are the boundaries of the frame and AI≤ 𝑆 ≤ 𝐵𝐼. There-

fore, 𝐵−1𝐼 ≤ 𝑆−1𝐴−1𝐼. Since 𝑆−1 > 0, 𝑆
−1

2  exists. To show that 𝜑: Ω𝐻 and 𝜔 →< 𝑓. 𝑆
−1

2 > and 

𝜑(𝜔) =< 𝑆
−1

2 𝑓, 𝐹(𝜔) >. So, 𝜑 is a size for every 𝑓 ∈ 𝐻. The followings are resulted by 𝑆
−1

2 𝑓: 

𝑆(𝑓) ∫ < 𝑓, 𝐹(𝜔) > 𝐹(𝜔)𝑑𝜇(𝜔) 

𝑆
−1

2 (𝑓)  = ∫  < 𝑆
−1

2 𝑓, 𝐹(𝜔)𝑑𝜇(𝜔) >= ∫  < 𝑓, 𝑆
−1

2 𝐹(𝜔) > 𝐹(𝜔)𝑑𝜇(𝜔). 

Therefore,  

𝑆
−1
2 𝑆

1
2(𝑓) = 𝑆

−1
2 (∫  < 𝑓, 𝑆

−1
2 𝐹(𝜔) > 𝐹(𝜔)𝑑𝜇(𝜔)) 

= ∫  < 𝑓, 𝑆
−1
2 𝐹(𝜔) > 𝑆

−1
2 𝐹(𝜔)𝑑𝜇(𝜔) 

⇒ 𝑓 = ∫  < 𝑓, 𝑆
−1
2 𝐹(𝜔) > 𝑆

−1
2 𝐹(𝜔)𝑑𝜇(𝜔) 

||𝑓|| 2 =< 𝑓, 𝑓 >= ∫ < 𝑓,
 

Ω

𝑆
−1
2 𝐹(𝜔) >< 𝑆

−1
2 𝐹(𝜔), 𝑓 > 𝑑𝜇(𝜔) 

|< 𝑓, 𝑆
−1
2 𝐹(𝜔) >|  2 𝑑𝜇(𝜔) 

Therefore, {𝑆
−1

2 𝐹(𝜔)} is a tight normal frame and 𝑆−1𝐹 is a dual of F if F be a (Ω,μ)-frame 

where 𝑆: 𝑇𝐹
∗𝑇𝐹. Thus, every frame is similar to the normalizer and we read 𝑆−1𝐹 as a standard dual. 

Definition 12: Two (Ω,μ)-frames are similar if and only if their frame transportations are 

found with identical ranges. 

Theorem 10: assume F is a (Ω,amu)-frame. Therefore, the following conditions are equiva-

lents: 

F is a Riesz-type frame. 

𝑇𝐹 = 𝐿2(Ω, µ) is the range. 

Definition 13: assume that G is a (Ω,μ)-frame. Thus, G is a standard dual of the (Ω,μ)-

frame F if an only if 𝑇𝐺
∗𝑇𝐷 = 𝑇𝐺

∗𝑇𝐺 for every dual D of F.  

Theorem 11: the following conditions are equivalents. 

There is a Riesz-type (Ω,μ)-frame. 

There is a {𝑝𝑠𝑖𝑗} orthogonal basis that ∑ |𝛹𝑗(𝜔)|
 

𝑗∈𝐽
< ∞ for every 𝜔 ∈ Ω. 

{ѱ𝑗}𝑗∈𝐽 for every orthogonal singular basis and ∑ |ѱ𝑗(𝜔)|
2

𝑗∈𝐽
< ∞ for every 𝜔 ∈ Ω. 
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Theorem 12: assume M is a subspace of 𝐿2(Ω, µ). Therefore, the following conditions are equiv-

alents: 

M exists. 

There is a singular orthogonal basis {Ф𝑗}  for M in such a way that ∑ |ѱ𝑗(𝜔)|
2

𝑗∈𝐽
 for 𝜔 ∈ Ω. 

{ѱ𝑗}𝑗∈𝐽 for every singular orthogonal basis and M and ∑ |ѱ𝑗(𝜔)|
2

𝑗∈𝐽
 for every 𝜔 ∈ Ω. 

Definition 14: assume G is a (Ω,μ)-frame for H and K; F and G are respectively strongly called 

separate if the range 𝑇𝐺 is perpendicular on range 𝑇𝐹 and they are separate if ranges (𝑇)𝑗 = {0}, 

(𝑇𝐹) ∩, (𝑇𝐺) and (𝑇𝐹) + are ranges of a closed subspace of 𝐿2(Ω, µ) and they are strongly supplemen-

tary if they are strongly separate and 𝐹 ⊕ 𝐺 be a Riesz-type (Ω,μ)-frame for 𝐻 ⊕ 𝐾.   

Theorem 13: assume F and G are strongly separate singular (Ω,μ)-frames and assume also 

that 𝐴, 𝐵 ∈ 𝐵(𝐻) is a member in such a way that 𝐴∗𝐴 + 𝐵∗𝐵 = 𝐼. Therefore, AF+BG is a normal 

tight (Ω,μ)-frame for H. In fact, 𝛼𝐹 + 𝛽𝐺 is a normal tight (Ω,μ)-frame for H where |𝛼| 2 +

|𝛽| 2 = 1 plus for every 𝛼, 𝛽𝜖ℂ. 

Theorem 14: assume F and G are separate singular (Ω,μ)-frames for H. Therefore, F+G is a 

tight (Ω,μ)-frame for H. 

Theorem 15: assume that F and G are two (Ω,μ)-frames for Hilbert Space, H, in such a way 

that a range of frame F includes a frame transformation for G. Thus, there is a Hilbert Space M 

and a normal tight (Ω,μ)-frame F1 with this specificity that 𝐹(𝜔) ⊕ 𝐹1(𝜔)} is a (Ω,μ)-frame for 

the total sum of the space 𝐻 ⊕ 𝑀 similar to G. 

Proof: assume that 𝑇𝐹 and 𝑇𝐺 are the frame transformations for F and G and assume that 

𝑀 = 𝑅(𝑇𝐺) ∩ 𝑅(𝑇𝐹) ⏊. Consider the orthogonal basis {ѱ𝑗} for all of the M, 𝜔 ∈ Ω. 

∑|ѱ𝑗(𝜔)|
2

𝑗∈𝐽

< ∞ 

𝐹1 = ∑ ѱ𝑗(𝜔)ѱ𝑗 is a normal tight (Ω,μ)-frame M for M for every 𝑓 ∈ 𝑀, 

< 𝑓, 𝐹1(𝜔) >= ∑ < 𝑓, ѱ
𝑗

> ѱ
𝑗
(𝜔) 

So, (𝐹1) = 𝑀 is the range that results in 𝑇𝐹 being the range (𝑇𝐹1)⏊ for all 𝑥 ∈ 𝐻 and all 

𝑓 ∈ 𝑀. 

Therefore, 

∫ | < 𝑥 ⊕ 𝑓, 𝐹 1 
(𝜔) > |

 

Ω

 2𝑑𝜇(𝜔) 

∫ | < 𝑥, 𝐹 1 
(𝜔) > |

 

Ω

 2𝑑𝜇(𝜔) + ∫ | < 𝑓, 𝐹 1 
(𝜔) > |

 

Ω

 2𝑑𝜇(𝜔) 

For all 𝑥 ∈ 𝐻 and 𝑓 ∈ 𝑀. Therefore, 𝐹 ⊕ 𝐹1 is a (Ω,μ)-frame for 𝐻 ⊕ 𝑀. It is evident that 

(𝑇𝐺) is the range for (𝑇𝐹) + 𝑀 and (𝑇𝐹⊕𝐹1
). 

So, 𝐹 ⊕ 𝐹1 is similar to G. 

For every 𝑓 ∈ 𝑀, 

< 𝑓, 𝐹1(𝜔) >= ∑ < 𝑓, ѱ
𝑗

> ѱ
𝑗
(𝜔) 

So, (𝑇𝐹1) = 𝑀 is the range that results in 𝑇𝐹 be the range for (𝑇𝐹1)⏊ and ∫ <
 

Ω

𝑥, 𝐹 (𝜔) > <  𝐹1(𝜔), 𝑓 > 𝑑𝜇(𝜔) = 0  for all of the 𝑥 ∈ 𝐻 and 𝑓 ∈ 𝑀. Thus: 

∫ | < 𝑥 ⊕ 𝑓, 𝐹(𝜔) ⊕  𝐹 1 
(𝜔) > |

 

Ω

 2𝑑𝜇(𝜔) 
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= ∫ | < 𝑥, 𝐹 (𝜔) > |
 

Ω

 2𝑑𝜇(𝜔) + ∫ | < 𝑓, 𝐹 1 
(𝜔) > |

 

Ω

 2𝑑𝜇(𝜔) 

For all of the 𝑥 ∈ 𝐻 and 𝑓 ∈ 𝑀. 

Therefore, 𝐹 ⊕ 𝐹1 is a (Ω,μ)-frame for 𝐻 ⊕ 𝐹1 similar to G. 

Theorem 16: assume that there is a (𝜔, 𝜇) −frame of the Riesz type. Therefore, there is an-

other Hilbert space like M and a (Ω,μ)-frame for M per every (Ω,μ)-frame of H that {𝐹(𝜔) ⊕

𝐹1(𝜔): } is a 𝜔 ∈ Ω –frame of Riesz type. 

Proof: assume that there is a (Ω,μ)-frame of Riesz type like K. According to the previous theo-

rem, 𝑅𝑎𝑛𝑔(𝑇𝑘) = 𝐿2(Ω, µ). If there is another frame F, the range of K includes range 𝑇𝐹. Also, there 

is a Hilbert space like M and a (Ω,μ)-frame that 𝐹(𝜔) + 𝐺(𝜔) is the (Ω,μ)-frame of Riesz type. 

Theorem 17: assume that F and G are duals for (Ω,μ)-frame and P and Q are the orthogonal images 

of (𝑇𝐹) as the range of 𝐿2(Ω, µ) and 𝐿2(Ω, µ) → (𝑇𝐸). It is assumed that M is a closed subspace of 

𝐿2(Ω, µ) that M includes two ranges, 𝑇𝐺 and 𝑇𝐹. Thus, A) the two delimitations of mapping the ranges 

(𝑇𝐹) → 𝑎𝑛𝑑 (𝑇𝐺), (𝐼𝑀 − 𝑄)𝐿2(Ω, µ)(𝐼𝑀 − 𝑄): (𝐼𝑀 − 𝑝)𝐿2(Ω, µ) → 𝑄, are isomorphism; B) M= 

(𝑇𝐺) + (𝑇𝐹) ⏊ ∩ 𝑀and 𝑇(𝑇𝐺) ⏊∩𝑀𝐹  ranges where IM is the identity operator on M. 

Proof: assume 𝐴 → (𝐼𝑀 − 𝑄): (𝐼𝑀 − 𝑝)𝐿2(Ω, µ) → (𝐼𝑀 − 𝑄)𝐿2(Ω, µ). 

A is one-to-one and surjective.  

For all 𝑓 ∈ 𝐿2(Ω, µ), assume that 𝐴(𝐼𝑀 − 𝑓) = 0. 

Therefore:  

(𝐼𝑀 − 𝑄)(𝐼𝑀 − 𝑝)𝑓 = 0 

𝐼𝑀(𝐼𝑀 − 𝑝)𝑓 − 𝑄(𝐼𝑀 − 𝑝)𝑓 = 0 

𝐼𝑀(𝐼𝑀 − 𝑝)𝑓 = 𝑄(𝐼𝑀 − 𝑝)𝑓 

𝐼𝑀(𝐼𝑀 − 𝑝)𝑓 = 𝑄(𝐼𝑀 − 𝑝)𝑓     ∈   𝑅𝑎𝑛𝑔(𝑇𝐺)         

𝑥 ∈ 𝐻 is a member that: 

𝑇𝐺(𝑥) =< 𝑥, 𝐺(𝜔) > = (𝐼𝑀 − 𝑝)𝑓     ∈  𝑅𝑎𝑛𝑔(𝑇𝐺)⏊  

∃𝑥    (𝐼𝑀 − 𝑝)𝑓 = 𝑇𝐺(𝑥) 

𝑝: 𝐿2(Ω, µ) → 𝑅(𝑇𝐹)                       𝑅𝑎𝑛𝑔(𝑇𝐹) ⊕ 𝑅𝑎𝑛𝑔(𝑇𝐹)⏊ = 𝐿2(Ω, µ) 

𝑝(𝐼𝑀 − 𝑝)𝑓 = (𝑝 − 𝑝2)𝑓 = (𝑝 − 𝑝)𝑓 → (𝐼𝑀 − 𝑝)𝑓  ∈ (𝑅(𝑇𝐹))⏊  

For all members  𝑥, 𝑦 ∈ 𝐻, we have: < 𝑥, 𝑦 >=< 𝑇𝐺, 𝑇𝐹 > = 0 ⇒ 𝑥 = 0 

A is one-to-one. 

We assume that (𝐼𝑀𝑄)𝑓⏊( 𝑟𝑎𝑛𝑔𝑒 A)   . Thus (𝐼𝑀𝑄)𝑓 = 0 , 

𝑅(𝐴)̅̅ ̅̅ ̅̅ ̅ ⊕ 𝑅(𝐴)̅̅ ̅̅ ̅̅ ̅⏊ = 𝐻 → 𝑅(𝐴)̅̅ ̅̅ ̅̅ ̅ = 𝐻 

If P be a perpendicular image, pH=M i.e. the range p is closed and every closed system 

equals its closure �̅� = 𝐴.  

𝑄: 𝑅(𝑇𝐹) → 𝑅(𝑇𝐺) 

If 𝑄(𝑥) = 𝑄(𝑦) → (𝐼𝑀 − 𝑄)(𝑥) = (𝐼𝑀 − 𝑄)(𝑦) → 𝑥 = 𝑦, because (𝐼𝑀 − 𝑄) is surjective 

so there is x in such a way that  x − Q(x) = y  → Q(x) = x − y  and because 𝐼𝑀 − 𝑄 is an iso-

morph, Q is also an isomorph, as well. 

Assume that 𝑓 ∈ 𝑀. Thus, 𝑓 = 𝑄𝑓 + (𝐼𝑀 − 𝑄)𝑓. By means of the part (A), there are 

𝑔. ℎ ∈ 𝐿2(Ω, µ) members: 

𝑄𝑓 = 𝑄𝑃𝑔 

And 

(𝐼𝑀 − 𝑄)𝑓 = (𝐼𝑀 − 𝑄)(𝐼𝑀 − 𝑝)ℎ 

So,  

𝑓 = 𝑝𝑔 + (𝐼𝑀 − 𝑄)(𝐼𝑀 − 𝑝)ℎ − (𝐼𝑀 − 𝑄)𝑝𝑔 
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   ∈      𝑅𝑎𝑛𝑔(𝑇𝐹) + 𝑅𝑎𝑛𝑔(𝑇𝐺)⏊ ∩ 𝑀 

Then, 

𝑅𝑎𝑛𝑔(𝑇𝐹) + 𝑅𝑎𝑛𝑔(𝑇𝐺)⏊ ∩ 𝑀 = 𝑀 

𝑀 =  𝑅𝑎𝑛𝑔(𝑇𝐺) + 𝑅𝑎𝑛𝑔(𝑇𝐹)⏊ ∩ 𝑀 

Theorem 18: assume F is a (Ω,μ)-frame in H and G is a dual. Assume that 𝑇𝐺 and 𝑇𝐹 rang-

es are included. There are 𝑘 ⊆ 𝐻 members in Hilbert space. There is a (Ω,μ)-frame F1 for K with 

𝑝𝐻𝐹1 = 𝐹  and 𝑃𝐻𝐺1 = 𝐺 and range 𝑇𝐹1 = 𝑀 where G1 is a standard dual of F1. 

Proof:  assume that {ѱ𝑗}𝑗∈𝐽 is an orthogonal basis for M. Therefore: 

∑ |ѱ𝑗(𝜔)|
2

< ∞
𝑗∈𝐽

, 𝜔 ∈ Ω 

Assume that p, Q and IM exist and assume that:  

𝐴 = (𝐼𝑀 − 𝑄)⃒ (𝐼𝑀−𝑝) 𝐿2 

We define: 

𝐺0 = ѱ𝑗(𝜔)(𝐼𝑀 − 𝑄)ѱ𝑗 

And 

𝐹0(𝜔) = ∑ ѱ𝑗(𝜔) (𝐴−1)∗(𝐼𝑀 − 𝑝) ѱ𝑗 

As normal (Ω,μ)-frame for (𝐼𝑀 − 𝑄)𝐿2(Ω, µ) and 𝐹0 = 𝐺0(𝜔) = (𝐼𝑀 − 𝑄) ∑ ѱ𝑗
𝑗∈𝐽

: 

Claim 1: F0 and G0 are duals of one another. 

< 𝑇𝐺.𝑔, 𝑇𝐹.𝑓 >=< ∑ < 𝑔, (𝐼𝑀 − 𝑄)

𝑗∈𝐽

ѱ
𝑗

>> ѱ
𝑗
  , ∑ < 𝑓, (𝐴−1)

∗
(𝐼𝑀 − 𝑝)ѱ

𝑗
> ѱ

𝑗
>

𝑗∈𝐽

 

=< ∑ < (𝐼𝑀 − 𝑄)⃒𝑞, ѱ𝑗

𝑗∈𝐽

>   ;  ∑ < (𝐼𝑀 − 𝑝)𝐴−1𝑓, ѱ𝑗 > ѱ𝑗 >

𝑗∈𝐽

 

=< (𝐼𝑀 − 𝑄)𝑔, (𝐼𝑀 − 𝑝)𝐴−1𝑓 > =< 𝑔, (𝐼𝑀 − 𝑄)𝐴−1𝑓 > =< 𝑔, 𝑓 > 

Claim 2: F and F0 are strongly separate thus G and G0 are strongly separate. For every 

𝑓 ∈ (𝐼𝑀 − 𝑄)𝐿2(Ω, µ): 

𝑇𝐺𝑓 =< 𝑓, 𝐺0(𝜔) >= ∑ < 𝑓, ѱ𝑗

𝑗∈𝐽

> ѱ𝑗 = 𝑓 ∈ 𝑅𝑎𝑛𝑔(𝑇𝐺)⏊  

And  

𝑇𝐹𝑓 =< 𝑓, 𝐹0(𝜔) >= ∑ < (𝐼𝑀 − 𝑝)𝐴−1𝑓 

𝑗∈𝐽

> ѱ𝑗 

(𝐼𝑀 − 𝑄)𝐴−1𝑓 ∈ 𝑅𝑎𝑛𝑔(𝑇𝐹)⏊  

Assume that 𝑘 = 𝐻 ⊕ 𝐾 and 𝐹1(𝜔) = 𝐹(𝜔) ⊕ 𝐺(𝜔) and 𝐺1(𝜔) = 𝐺(𝜔) ⊕ 𝐹(𝜔) and F1 

and FG1 are(Ω,μ) –frames for K. 

Based on claims (1) and (2): 

∫ < 𝑥
 

Ω

⊕ 𝑓, 𝐺1(𝜔) >< 𝐹(𝜔), 𝑦 ⊕ 𝑔 > 𝑑𝜇(𝜔) 

∫ < 𝑥
 

Ω

⊕ 𝐺1(𝜔) >< 𝐹(𝜔), 𝑦 > 𝑑𝜇(𝜔) ⊕ ∫ < 𝑓,
 

Ω

𝐹0(𝜔) >< 𝐺0(𝜔), 𝑔 > 𝑑𝜇(𝜔) 

=< 𝑥, 𝑦 > +=< 𝑓, 𝑔 >=< 𝑥 ⊕ 𝑓, 𝑦 ⊕ 𝑔 > 

Therefore, G1 is a dual of F. 
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DISCRETIZING THE BARRIER TRANSACTIONS OPTIONS USING 

FOURIER’S SERIES 

Saeedeh Khaziravi, 

Department of Mathematics, Faculty of Computer and Mathematics, University 

of Khansar, Khansar, Iran 

ABSTRACT 

Various classifications have been considered for the transactions option papers that differ in terms of 

their enforcement methods. The option wherein the price changes based on the raw materials’ variations in the 

entire length of the contract or part of the contract’s term is called path-dependent option. A barrier option is a 

path-dependent barrier because if the initial capital reaches or exceeds the specified price, the barrier price 

would undergo a change. The present study expresses the concepts related to Fourier analysis to deal with the 

discretizing of the barrier transaction options. 

Keywords: fourier transform; transaction option; barrier transaction. 

Introduction: 

Transaction Option: 

The first sale and purchase transactions were made in Europe and the US for the first time 

in the early 18th century. These markets were not well-famed due to the prevalence of bribery in 

them. Transactions take place in presence of the transacting parties in the stock exchange and 

there is a possibility of receiving discounts but the majority of the transactions are carried out 

through telephone or the Internet in the over-the-counter (OTC) or off-exchange trading. Gener-

ally, the stock exchange market excels the OTC trading in terms of performance bond. 

Barrier Transactions Options: 

There are transaction option contracts the output of which depends on the point that wheth-

er the price of the base assets reaches a certain limit during a given period or not? A number of 

these different kinds of transaction option are regularly exchanged in the OTC trading. Such 

types of transaction options seem interesting to some of the participants of the market because 

they incur lower costs to the holders in contrast to the conventional transactions option contracts. 

These transactions option can be divided into two sets: one as knock-out options and the other as 

knock-in options. In the former, the transaction option contract is rendered valueless when the 

price of the base asset reaches a certain limit. In the second type of the options, the transaction 

option contract can be enforced as soon as the base asset’s price reaches a certain threshold. 

There are four types of knock-out transaction option. The first is an up-and-out purchase option 

which is the formal European purchase option that becomes valueless as soon as the asset price 

reaches a certain level and it cannot be subsequently enforced. The specified level is higher than 

the asset price at the time of the contract conclusion. The second one is a down-and-out purchase 
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option that is defined similarly but the specified level is set below the asset price at the time of 

concluding the transaction option contract. The third and the fourth ones are the up-and-out and 

down-and-out sale option that are defined in the same way. In the same way, there are four types 

of knock-in transaction options. The first one is an up-and-in purchase option which is a formal 

European purchase option and its implementation depends on the arrival of the asset’s price at a 

certain limit which is set at a level above the asset price. The down-and-in purchase option is 

similar to the abovementioned contract with the difference being that the specified level is below 

the asset price in the beginning of the transaction option contract’s conclusion. In the same way, 

the up-and-in and down-and-in sale options can be also similarly defined. 

Discussions on Fourier Analysis: 

Assume that the periodic function, g, can be expanded into the following form using the 

trigonometrical series: 

𝑔(𝑡) = 𝐴0  + 𝐴1 𝑠𝑖𝑛(𝜔𝑡 + 𝛼1) + 𝐴1 𝑠𝑖𝑛(𝜔𝑡 + 𝛼2) + 𝐴2 𝑠𝑖𝑛(2𝜔𝑡 + 𝛼2) + … 

Doing so allows demonstration of g in the form of the sum of a finite or an infinite number 

of the sine or cosine quantities. 

In the end, we would have: 

𝑔(𝑡) = 𝐴0  + ∑ 𝐴𝑛 𝑠𝑖𝑛(𝑛𝜔𝑡 + 𝛼𝑛)

∞

𝑛=1

 

Where, α, A1 and A0 are fixed values. 

Discrete Fourier Transform: 

In Fourier Series, the function is usually available in a continuous and x-dependent form. 

In case that the function is not available in f(x) form, discrete Fourier series come about in which 

it is only enough to have the values obtained from the function in identical distances. 

Theorem One: the 𝜑𝑛(𝑘) = 𝜔𝑘𝑛 = 𝑒𝑥𝑝 (−
2𝑘𝜋𝑛𝑖

𝑁
) exponential functions are periodic func-

tions with a periodicity equal to N. 

Definition Two: if the {𝑓𝑘}𝑘=0
𝑁−1 sequence of the data is available and, e.g. N sample are se-

lected from the continuous function f(x) in evenly spaced intervals, with a length of T, i.e., 

 𝑓𝑘 = 𝑓(𝑘𝑇)            𝐾 = 0,1,2, … , 𝑁 − 1, the finite or discrete Fourier Transform in the fol-

lowing form will be defined for −∞< n < ∞. 

𝐹𝑛 = ∑ 𝑓𝑘𝜔𝑛𝑘

𝑁−1

𝑘=0

 

It can be stated according to the above theorem that:  

Therefore, {𝐹𝑛}𝑛=−∞
+∞  will be a periodic sequence with a periodicity of N. 

Definition of the relationships: 

𝐹𝑛 = ∑ 𝑓𝑘𝜔𝑛𝑘𝑁−1

𝑘=0
 and 𝐹𝑛 =

1

𝑁
∑ 𝑓𝑘𝜔−𝑛𝑘𝑁−1

𝑛=0
 are called the discrete Fourier Transform 

pair. Next, Fourier Transform is investigated in a discrete state. The idea for obtaining discrete 

Fourier Transform is in such a way that the Fourier series’ coefficients are numerically approxi-

mated for the continuous function f(t) in a span of [0, 2π]  based on trapezoidal method. To be 

able to use the trapezoidal method, the span [0, 2π] is divided into n equal parts, i.e. step length 

will be equal to n. Thus, the k
th

 mixed Fourier coefficient of the function f(t) is approximated in 

the following form: 
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𝑎𝑘 =
1

2𝜋
∫ 𝑓(𝑡) 𝑒𝑥𝑝(−𝑖𝑘𝑡) 𝑑𝑡

2𝜋

0

≈
1

𝑛
∑ 𝑓 (

2𝜋𝑗
�̅�

) 𝑒𝑥𝑝 (
−2𝜋𝑖𝑗

�̅�
𝑘)

𝑛−1

𝑗=0

   ∗ 

Embedding  

𝑦𝑗 =  𝑓 (
2𝜋𝑗

�̅�
)     , 𝜔 =  𝑒𝑥𝑝 (

2𝜋𝑗
�̅�

)       

The above relationship can be written in the following form: 

𝑎𝑘 ≈
1

𝑛
∑ 𝑦𝑗�̅�𝑗𝑘

𝑛−1

𝑗=0

      ∗∗ 

For the above relation, if k ≥ n; then, the relation * cannot be used for αk approximation 

since if k + n is substituted for k, no change would be brought about in relation ** through using 

the equation �̅� 𝑛 = 𝑒−2𝜋𝑖. So, the following definition can be given for discrete Fourier trans-

form of the continuous function f(t).  

Definition: assume f(t) is a continuous function on a span of [0, 2π]. Then, the discrete 

Fourier transform of the function f(t) will be the sequence ( �̂�)𝑘 that is defined in the following 

form. 

 �̂�𝑘 =
1

𝑛
∑ 𝑓 (

2𝜋𝑗
�̅�

) �̅�𝑗𝑘

𝑛−1

𝑗=0

= ∑ 𝑦𝑗�̅�𝑗𝑘

𝑛−1

𝑗=0

 

Where, 𝜔 = 𝑒𝑥𝑝 (
2𝜋𝑖

𝑛
). So, the discrete Fourier transform for the sequence 𝑦 = {𝑦𝑗}

𝑗=−∞

𝑗=∞
 

will be defined as (𝐹𝑛{𝑦})𝑘 =  �̂�𝑘 = ∑ 𝑦𝑗�̅�𝑗𝑘
𝑛−1

𝑗=0
. The following can be written for the form 

obtained from the matrix multiplication of Fourier transform: 

𝐹𝑛{𝑦} =  �̂� = (�̅� 𝑛) × (𝑦) 

Where, 𝑦 = (𝑦1, … , 𝑦𝑛−1) 𝑇               , �̂� = ( �̂�1, … ,  �̂�𝑛−1) 𝑇     

And  

 
According to the following equation, it is evident that the sequence has a periodicity of n: 

 �̂�𝑘+𝑛 = ∑ 𝑦𝑗�̅�𝑗(𝑘+𝑛)

𝑛−1

𝑗=0

= ∑ 𝑦𝑗�̅�𝑗𝑘

𝑛−1

𝑗=0

�̅�𝑗𝑛
= ∑ 𝑦𝑗�̅�𝑗𝑘

𝑛−1

𝑗=0

=  �̂�𝑘 

Explanation and Analysis: 

Discretization of the Barrier Transactions Option: 

For the barrier options discrete observations, the above-explicated pricing techniques are 

utilized. In Bermudan pricing options, one of the stages of the main loop is the determination of 
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the points of premature exertion; but, this is not needed to be done in barrier option discretization 

due to the clearness of the barrier levels. Next, a pricing formula is obtained for barrier sale op-

tions of knock-out type. For a barrier option with M dates of exertion, the intended pricing for-

mula for m=0, 1, …, M-1 is as shown below: 

𝑣 = (𝑥𝑚, 𝜎𝑚, 𝑡𝑚) = {
𝑅𝑒𝑏𝑎𝑡𝑒 𝑟𝑏        𝑤ℎ𝑒𝑛 𝑖𝑡 𝑖𝑠 𝑘𝑛𝑜𝑐𝑘 − 𝑜𝑢𝑡.

𝑐(𝑥𝑚, 𝜎𝑚, 𝑡𝑚)                            𝑜𝑡ℎ𝑒𝑟𝑠
 

𝑣 = (𝑥𝑀, 𝜎𝑀, 𝑡𝑀) = {
𝑅𝑒𝑏𝑎𝑡𝑒 𝑟𝑏         𝑤ℎ𝑒𝑛 𝑖𝑡 𝑖𝑠 𝑘𝑛𝑜𝑐𝑘 − 𝑜𝑢𝑡.

𝑔(𝑥𝑀)                                      𝑜𝑡ℎ𝑒𝑟𝑠
 

Where, the continuous amount for Bermudan relationship obeys the relation 

𝑐(𝑥𝑚, 𝜎𝑚, 𝑡𝑚) = 𝑒−𝑖∆𝑡. In fact, if the option is not of knock-out type, the price at due date, 𝑡𝑚, 

will be equal to the obtained function otherwise the option price will be equivalent to rebate 

which is in the following form: 

𝑉𝑛,𝑗(𝑡𝑚+1
) ≔

2

𝑏 − 𝑎
∫ 𝑣(𝑥𝑚+1, 𝜉𝑗, 𝑡𝑚+1) 𝑐𝑜𝑠 (𝑛𝜋

𝑥𝑚+1 − 𝑎

𝑏 − 𝑎
) 𝑑𝑥𝑚+1

𝑏

𝑎

 

𝑣(𝑥𝑚+1, 𝜉𝑗 , 𝑡𝑚+1) is replaced once with 𝑟𝑏 and another time with g(y) and it can be con-

cluded following summation that:  

𝑉𝑛,𝑗(𝑡𝑚+1
) ≔

2

𝑏 − 𝑎
∫ 𝑟𝑏

[𝑎,𝑙]∪[𝑢,𝑏]

𝑐𝑜𝑠 (𝑛𝜋
𝑥𝑚+1 − 𝑎

𝑏 − 𝑎
) 𝑑𝑦 +

2

𝑏 − 𝑎
∫ 𝑔(𝑦)

𝑢

𝑙

𝑐𝑜𝑠 (𝑛𝜋
𝑥𝑚+1 − 𝑎

𝑏 − 𝑎
) 𝑑𝑦

⇒
2

𝑏 − 𝑎
∫ 𝑟𝑏

[𝑎,𝑙]

𝑐𝑜𝑠 (𝑛𝜋
𝑥𝑚+1 − 𝑎

𝑏 − 𝑎
) 𝑑𝑦 +

2

𝑏 − 𝑎
∫ 𝑟𝑏

[𝑢,𝑏]

𝑐𝑜𝑠 (𝑛𝜋
𝑥𝑚+1 − 𝑎

𝑏 − 𝑎
) 𝑑𝑦

+
2

𝑏 − 𝑎
∫ 𝑔(𝑦)

𝑢

𝑙

𝑐𝑜𝑠 (𝑛𝜋
𝑥𝑚+1 − 𝑎

𝑏 − 𝑎
) 𝑑𝑦 ⇒ 

2𝑟𝑏

𝑏 − 𝑎
( ∫  𝑏

[𝑎,𝑙]

𝑐𝑜𝑠 (𝑛𝜋
𝑦 − 𝑎

𝑏 − 𝑎
) 𝑑𝑦 + ∫  

[𝑢,𝑏]

𝑐𝑜𝑠 (𝑛𝜋
𝑦 − 𝑎

𝑏 − 𝑎
) 𝑑𝑦)

+
2

𝑏 − 𝑎
∫ 𝑔(𝑦)

𝑢

𝑙

𝑐𝑜𝑠 (𝑛𝜋
𝑦 − 𝑎

𝑏 − 𝑎
) 𝑑𝑦 

Resultantly, using the definitions: 

𝜒𝑘(𝑙∗, 𝑢∗) = ∫ 𝑒𝑥 𝑐𝑜𝑠 (
𝑥 − 𝑎

𝑏 − 𝑎
) 𝑑𝑥 

𝑢∗

𝑙∗

 

And 

𝐺𝑛(𝑙, 𝑢) =
2

𝑏 − 𝑎
∫ 𝑔(𝑦)

𝑢

𝑙

𝑐𝑜𝑠 (𝑛𝜋
𝑦 − 𝑎

𝑏 − 𝑎
) 𝑑𝑦 

The following relationship will be obtained: 

2𝑟𝑏

𝑏 − 𝑎
(ѱ𝑛(𝑎, 𝑙) + ѱ𝑛(𝑢, 𝑏) + 𝐺𝑛(𝑙, 𝑢)) 

So, the 𝑣(𝑥𝑀, 𝜎𝑀, 𝑡𝑀) Fourier cosine series coefficient, i.e. Vn,j(𝑡𝑚), holds for the follow-

ing relationship: 

𝑉𝑛,𝑗(𝑡𝑀) =
2

𝑏 − 𝑎
∫ 𝑟𝑏

[𝑎,𝑙]∪[𝑢,𝑏]

𝑐𝑜𝑠 (𝑛𝜋
𝑦 − 𝑎

𝑏 − 𝑎
) 𝑑𝑦 +

2

𝑏 − 𝑎
∫ 𝑔(𝑦)

𝑢

𝑙

𝑐𝑜𝑠 (𝑛𝜋
𝑦 − 𝑎

𝑏 − 𝑎
) 𝑑𝑦 
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That is to say: 

𝑉𝑛,𝑗(𝑡𝑀) =
2𝑟𝑏

𝑏 − 𝑎
(ѱ𝑛(𝑎, 𝑙) + ѱ𝑛(𝑢, 𝑏) + 𝐺𝑛(𝑙, 𝑢) 

Where, g(y) has been previously defined and l and u indicate the upper and lower levels of 

the barrier. The Gn terms, as well, are analytically clear as the cosine coefficients of the obtained 

g(y) function. In the point tM-1 of the barrier levels, the integral of the relationship  

𝑣 = (𝑥𝑚, 𝜎𝑚, 𝑡𝑚) = {
𝑐3(𝑥𝑚, 𝜎𝑚, 𝑡𝑚)       𝑥 ∈ [𝑎, 𝑥∗(𝜎𝑚, 𝑡𝑚)] 

𝑔(𝑥𝑚)                𝑥 ∈ [𝑥∗(𝜎𝑚, 𝑡𝑚), 𝑏]
 can be divided into several 

parts: 

�̌� 𝑛,𝑗(𝑡𝑀−1) =
2𝑟𝑏

𝑏 − 𝑎
(ѱ𝑛(𝑎, 𝑙) + ѱ𝑛(𝑢, 𝑏)) +

2

𝑏 − 𝑎
∫  

𝑢

𝑙

𝑐3(𝑦, 𝜉𝑝, 𝑡𝑀−1) 𝑐𝑜𝑠 (𝑘𝜋
𝑦 − 𝑎

𝑏 − 𝑎
) 𝑑𝑦

=
2𝑟𝑏

𝑏 − 𝑎
(ѱ𝑛(𝑎, 𝑙) + ѱ𝑛(𝑢, 𝑏)) +  �̂�𝑘,𝑝(𝑙, 𝑢, , 𝑡𝑀−1) 

Where,  �̂�𝑘,𝑝 is the continuous-amount cosine coefficient obtained in the relationship:  

 �̂�𝑘,𝑝(𝑙, 𝑢, , 𝑡𝑀−1) =
2

𝑏−𝑎
∫  

𝑢

𝑙
𝑐3(𝑦, 𝜉𝑝, 𝑡𝑀−1) 𝑐𝑜𝑠 (𝑘𝜋

𝑦−𝑎

𝑏−𝑎
) 𝑑𝑦.  

Now, repeating the asset derivative, i.e. embedding the relationship 𝑐3(𝑦, 𝜉𝑝, 𝑡𝑀−1) =

𝑒−𝑟∆𝑡𝑅𝑒{∑ 𝛽𝑛(𝜉𝑝, 𝑡𝑀−1) 𝑒𝑥𝑝 (𝑖𝜋𝑛
𝑦−𝑎

𝑏−𝑎
)}𝑁−1

𝑛=0  in the above relation so as to obtain 

 �̂�𝑘,𝑝(𝑙, 𝑢, , 𝑡𝑀−1) =
2

𝑏−𝑎
∫  

𝑢

𝑙  
 𝑅𝑒{∑ 𝛽𝑛(𝜉𝑝, 𝑡𝑀−1) 𝑒𝑥𝑝 (𝑖𝜋𝑛

𝑦−𝑎

𝑏−𝑎
)𝑁−1

𝑛=0 }𝑐𝑜𝑠 (𝑘𝜋
𝑦−𝑎

𝑏−𝑎
) 𝑑𝑦 , it can be 

concluded through changing the sum and performing integration that: 

 �̂�𝑘,𝑝(𝑙, 𝑢, , 𝑡𝑀−1) = 𝑒−𝑟∆𝑡𝑅𝑒{𝑀(𝑙, 𝑢)𝐵 ҆(𝑡𝑀−1)} 

Where, like before, the first line of Matrix B has been multiplied by ½ and 𝐵(𝑡𝑀−1) is ob-

tained as shown in the relations 𝐵 ҆(𝑡𝑀−1) = [𝛽0(𝑡𝑀−1), 𝛽1(𝑡𝑀−1), … , 𝛽𝑗−1(𝑡𝑀−1)] 

and 𝛽𝑝(𝑡𝑀−1) = [𝑉(𝑡𝑀). �̃�(𝜉𝑝)]𝜔. M(l, u) is an N×N Matrix specified in the Bermudan option 

pricing. Due to the same reason, in comparison to the algorithm number one, the calculation of 

this matrix is not inserted in the primary reciprocal loop. Following a method similar to the one 

mentioned above, the equations establishing the relationship between �̌�(𝑡𝑀) and �̌�(𝑡𝑀−1) can be 

obtained for m=M-1, M-2,…, 2 through retrogression in time and having the approximation and 

embedding it in the relation 𝛽𝑛(𝜎𝑚, 𝑡𝑚) ≔ ∑ 𝜔𝑗
𝐽−1
𝑗=0 𝑉𝑛,𝑗(𝑡𝑚+1)�̃� (

𝑛𝜋

𝑏−𝑎
, 𝜉𝑗 , 𝜎𝑚) and 𝛽𝑛(𝜉𝑝, 𝑡𝑚) ≔

∑ 𝜔𝑗
𝐽−1
𝑗=0 𝑉𝑛,𝑗(𝑡𝑚+1)�̃� (

𝑛𝜋

𝑏−𝑎
, 𝜉𝑗 , 𝜉𝑝) , the price of the option 𝑣(𝑥0, 𝜎0, 𝑡0) can be obtained. 
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ABSTRACT  

Many computational methods have been proposed to solve optimal control problems. These methods 

have been divided into two direct and indirect methods. Since a differentiable function equilibrates at its local 

maximum or minimum point, the Euler-Lagrange equation is applied when we intend to solve an optimization 

problem in which a certain function is given and we want to minimize or maximize this function. This theorem 

is comparable to Fermat's theorem in calculus, stating that a differentiable function has a local extreme at a 

point at which its derivative is zero. The present study aimed to solve optimal control problems using the 

indirect Euler-Lagrange method falling in the series of control problems. 

Keywords: optimal control; calculus of variations; euler-lagrange. 

Introduction: 

Nowadays, calculus of variations has gone through many changes in pure and applied 

mathematics as it is used to solve many physical and engineering problems, especially electrical 

engineering. 

In differential equations, solving some problems that are difficult or it s practically impos-

sible to obtain their answers by other methods is made possible with the help of Calculus of Var-

iations Theory [1]. 

Mathematics serves as an optimization problem; i.e., a problem of finding the best solution 

for all practical solutions. Optimization problems can be divided into two categories, i.e., the var-

iables can be concrete or discrete. An optimization problem with discrete variables is known as a 

composite optimization problem. In a hybrid optimization problem, we look for a series of ob-

jects including integers, permutations, or graphs whose number of members is limited (or are 

unlimited in terms of counting). 

Optimal problem 

The optimal control problem is aimed to find the optimal open-loop control  tu *  or op-

timal feedback control  txu ,*  that applies to the physical condition of the system, at same 

time, minimizing or maximizing an objective function. The basis of the optimal control problem 

consists of three parts:  A mathematical model of the system that needs to be controlled: 

         0nxtxtxtutA ,...,,,,   

Where A is a differential, integral, or differential integral operator and   nRtx  is called 

the state vector function while    mRtu  the control vector function. The assumption in here is 
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that the control functions u can be piecewise continuous functions over a period of time of 

],[ ftt0  to 
mR  

A series of borderline conditions on state variables, which gives the value of the system in 

the start and end intervals. 

     1,...,1,0,0,,..., 000

1  nittxtxn

i  

     1,...,1,0,0,,...,1  njttxtx fff

n

j  

Where 1,...,0,  nji
12n

ji R:,  are known functions.  

The objective function to be minimized (maximized), mathematically appears in the form 

of a quantitative function. An optimal control problem allows designers to select the best control 

by minimizing (maximizing) the objective function. An objective function can be expressed as 

follows: 

    
ft

t
dttxtutfJ

0

,,,  

Where RRf mn  1:  ،is an integral function. 

Definition:     0,0 uxp   is called an acceptable pair whenever the following conditions 

are met: 

The state function   nRx 0 is differentiable in ],[ ftt0 . 

The control function   mRu 0 takes its values in a compressed set of 
mRU  and its 

components are measurable on the ],[ ftt0 limits.  

The pair p applied to the system of state equations (1.1) and borderline conditions on the 

],[ ftt0  interval. 

Definition:  

As stated, in general, the problem of optimal control can be solved by one of the following 

methods: 

1. The Belman dynamic programming method, based on the principle of optimality (Ham-

ilton-Jacobi-Belman equation). 

2. The method of variations and the Pontriagin minimum principle (Euler-Lagrange equa-

tions), leading to the problem of a nonlinear two-point boundary value that is very difficult to 

solve analytically. 

3. Direct methods using discretization or parameterization (mathematical programming). 

The first two methods, based on solving the optimal control problem using the Hamilton-Jacobi-

Bellman equation or the nonlinear two-point boundary value problem, are called indirect methods. 

There is another group of methods to solve the problem of optimal control called direct methods. These 

methods are founded on the conversion of the mathematical programming problem [2]. 

Euler-Lagrange equation and optimal control problems 

Euler-Lagrange: 

Suppose   00 yx ,  and  11 yx , are two points on the plane x y and  xyy  is any desired 

curve passing through these two points. Between these curves we look for a curve that extremes 

the following function (we look for a minimum in our discussion): 

(𝑦) =  ∫ 𝐹(𝑥, 𝑦, 𝑦′)𝑑𝑥 ,
𝑥1

𝑥0
𝑦(𝑥0) =  𝑦0 ,       𝑦(𝑥1) =  𝑦1,    (1) 
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The answer to this problem may be continuous or discontinuous, differentiable or non- dif-

ferentiable. The set that involves continuous and derivative solutions is called a sum of permissi-

ble functions. The set   including continuous and differentiable answers is called permissible 

functions set as in our discussion we will consider each proposed function as a permissible func-

tion. 

Suppose that problem (1) has an answer, that is, a function such as  xyy   exists so that 

for each Y member of     yJYJ  we can write: 

           xzxyxYxzxyxY '''      (2) 

Where z(x) belongs to   and   00 xz and   01 xz . Also,   is also a fixed and positive 

number. By substituting (17) with (18) we have: 

    
1

0

x

x
dxzyzyxFzyJ '',,      (3) 

Regarding Taylor's expansion, we can write: 

     2hO
y

F
z

y

F
zyyxFzyzyxF 











'
'

'
',,'',,   

By replacing the above equation in 

𝐽(𝑦) =  ∫ 𝐹(𝑥, 𝑦, 𝑦′)𝑑𝑥 ,

𝑥1

𝑥0

 

𝑦(𝑥0) =  𝑦0 ,       𝑦(𝑥1) =  𝑦1, 

 We have: 

       




















1

0

2x

x
IdxhO

y

F
z

y

F
zyyxFzyJ 

'
'

'
',,   (4) 

As can be seen, the result of integrating in the above equation will be only a function of  , 

i.e.,  I  

Now pay attention that in (4) if  is placed against zero, the function (z(x) is whatever may 

be, instead of Y and Y  stands the value of y, which makes the function we are considering an 

extreme, so  I must have y' extremum for 0 . That is, the following relation is established: 

 
 



















1

0

0
'

'
'

0

x

x
dx

y

F
z

y

F
z

d

dI





     (5) 

Now for the second expression in (5) using the fractional method can be written: 

   

































1

0

1

0

1

0

1

0

x

x

x

x

x

x

x

x dx
y

F

dx

d
zdx

y

F

dx

d
z

y

F
zdx

y

F
z

''''
'  

By placing the equation in (5), relation   















1

0

0
'

x

x
zdx

y

F

dx

d

y

F
    is obtained, and since 

this relation is met for each z, the following can be written;  

0
'











y

F

dx

d

y

F
      (6) 

Equation (6) is called the Euler-Lagrange equation. So, to minimize the function 
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𝐽(𝑦) =  ∫ 𝐹(𝑥, 𝑦, 𝑦′)𝑑𝑥 ,

𝑥1

𝑥0

 

𝑦(𝑥0) =  𝑦0 ,       𝑦(𝑥1) =  𝑦1, 

It is enough to solve the following problem: 

   11000 yxyyxy
y

F

dx

d

y

F











'
 

This problem is called the Euler-Lagrange problem and its answer is called a critical curve. 

If we call the answer to the problem of Euler Lagrange  xy  , then   xJ  is a critical value 

for the function J (Y) where the maximum or minimum of this extreme can be easily determined. 

Euler-Lagrange equation when the integral function F is independent of y or x. 

A) F independent of y 

 
B) F independent of x 

 

The following equation is obtained by integrating 

(constant)  

If the initial and final condition is free (that is and ) then 

 

در  در  

 

 

 '' yFyF

  ?0y   ?1y

 
b

a
dxxyyFI ,',

0




'y

F
ax  bx

y

F





,

'
0
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a yyaxbx dxF
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Not to be an initial 

condition 
Not to be a final 

condition 
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The optimal path holds true in the opposite equation. 

Because the resulting answer curve for free end conditions is an answer with a constant fi-

nal condition that also has the same values of free final points, so they apply to the Euler equa-

tion. 

 

 

 

Since the value is optional, it follows that 

in   in  

And if y is free only at one end, then it can be shown that the above results at that point can 

be summarized as  at the end point where y is not specified. 

If our function has more than one variable to find the extreme 

 

Where are functions of the variable t that are assumed to be independent and 

the point represents the derivative of the function relative to t. 

We reach n Euler equation  

Also, at any end point where is free 

 

In many optimization problems for the relevant variables, we first examine the extreme 

values of a function such as with a constraint   (for example, an algebra-

ic relation between and . Suppose we cannot use or remove  and  via this constraint. 

In this case, by introducing the Lagrangian coefficient, we form the following added function. 

 

Now we calculate the values of the extreme of , that is, when 

 

From solving these equations,  and  values are obtained in terms of parameters . 

The assumed constrained must be true so we obtain the right value of  of . 

Since f* is equal with f in this case, the condition for the extreme values of f will be met [5]. 

Solving the example 
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Example 1: Determine  to make the following function extreme: 

 

 

Derivative  is zero relative to x   

We integrate     

 

 

Problems related to calculus of variations are returned to problems in the form of differen-

tial equations and then solved. In many cases the Euler-Lagrange equations cannot be solved, for 

example the following the variation problem 

 

 

Which is a nonlinear problem and cannot be solved exactly. This situation led to the ex-

pansion of direct variation methods in which the function  is directly worked with. One 

direct method is the Riley Ritz method. 

In this method, we take  in the following form in which  are known functions that do 

not violate the boundary conditions. 

 

By placing  in , J is expressed as a function of . Now, in order for the function 

to be minimized, the following relations must be established: 

 

From which the value of the coefficients is determined. The sum of an upper limit for 

 is the result and  is an approximate product for y, that is it can be proved that: 

 

So far a simple state of the function has been examined. 

𝐽(𝑦) =  ∫ 𝐹(𝑥, 𝑦, 𝑦′)𝑑𝑥 ,

𝑥1

𝑥0

 

𝑦(𝑥0) =  𝑦0 ,       𝑦(𝑥1) =  𝑦1, 
Example 2: Find the critical value of the following function and specify its type.   

 ty
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      1
2

,00,'2

0

22 







 




yydxYYYJ  

  22 yyyyxF  '',, we have now:  

The result of the Euler-Lagrange equation here is: 

0"22
'










yy

y

F

dx

d

y

F
 

By solving the equation and applying the boundary conditions, the critical curve is ob-

tained as follows: 

xyxcxcyyy
CB

sincossin"
..

 210  

The resulting critical value is: 

     2

0

22 0sincossin


dxxxxJ  

To see whether or not this critical value (i.e., zero) is a maximum or a minimum, we find 

the value of the function for another curve, such as a straight line that goes through a boundary 

condition. The linear equation that goes through these two points and as a result the correspond-

ing function is: 
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So, it is a minimum value. 

Example 3: Find the extreme of the following function for the given conditions. 

 

y(0) = 0     ,    y(
𝜋

2
) = 1          ,          Z(0) = 0   ,    z(

𝜋

2
) =  −1 

We write the Euler-Lagrange equation system: 

 

 

 

Finally, by applying the border conditions, we will have: 

 

Conclusion 

The problem of optimal control has successful applications in many areas such as econom-

ics, environment, management, engineering, etc. and have been studied in depth in many books 

and articles. In general, the answer to an optimal control problem, except for simple cases, is 

usually performed numerically. Therefore, many algorithms and numerical methods have been 

proposed to solve optimal control problems in the past few decades. Most of these methods were 

based on finding one answer that applied to the Euler-Lagrange equations, which are essential 
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conditions for optimality, or to the Hamilton-Jacobi-Bellman equations, being sufficient condi-

tions for optimality. These methods are called indirect methods. 

The main drawbacks of indirect methods include: 

(A) The complexity of solving the Hamilton-Jacobi-Bellman equations.  

(B) Introduction of both artificial modes or multipliers  

(C) Dependence of the onset of repetitions on a localized answer.  

(D) The need to master advanced mathematical and physical concepts to solve a problem.  

To cover these problems, many researchers have suggested direct methods to be used to 

solve optimal control problems. In these methods, the optimal solution is obtained by minimizing 

the objective function directly relative to the constraints. Direct methods can be applied by using 

discretization or parametricization techniques. 

Many articles have been registered in the area of optimal control applications, including 

the application of optimal control in tumor immunotherapy. In this article, tumor growth models 

are often simulated by nonlinear models, where the techniques in classical methods such as PMP 

are unable to analyze then. 

The problem of controlling tumor growth by immunotherapy with a goal function that con-

siders treatment optimality converts it into a non-line era optimal control, approximating it to a 

linear planning problem using a theory of size (6).  

Also, research on the application of optimal control in water excavation from groundwater 

resources, which is due to the growing need for agriculture due to increasing population and de-

clining groundwater levels, the main objective of this model was to find the maximum net social 

benefits according to the stability of the land. In these models, the optimal path of water extrac-

tion from its underground source is determined using optimal control. In general, referring to 

these models will lead to the preservation and stability of the land and on the other hand, the de-

velopment and sustainable continuation of agricultural activities and increase the income of 

farmers in the region [7]. 

Also, from among applications of optimal control in the area of economics, one can refer 

to the research on the application of optimal control theory in determining the optimal path and 

volume of liquidity in Iran. An administration these programs will entail financial resources and 

the increased liquidity to achieve the goals of the programs. Therefore, determining the optimal 

direction of liquidity based on the goals of development programs can help policymakers to meet 

economic goals [8]. 
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VERIFICATION AND CALCULATION THRESHOLDING BY FIREFLY 

ALGORITHM TO REDUCE NOISE FROM MRI IMAGES 
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ABSTRACT 

Today, medical imaging has become a widely used and important method for the diagnosis and 

treatment of many diseases. One of the most important areas of image processing is improving image quality 

and removing noise from them. Many images are involved in noise during creation or transmission, which 

interferes with their interpretation. Wavelet-based noise elimination methods are generally based on 

thresholding. Therefore, choosing thresholding is important in removing noise. In this paper, the appropriate 

thresholding using the firefly algorithm (FA) is used to reduce noise from magnetic resonance imaging (MRI). 

The firefly algorithm is one of the algorithms derived from nature that mimics the social behavior of firefly. 

By calculating the appropriate threshold by the firefly algorithm, the performance of noise elimination 

methods is increased. The simulation results show that by calculating the appropriate threshold using the 

firefly algorithm at high and low noise levels, multiple wavelet transform with semi-soft thresholding 

performance is better than other methods. 

Keywords: firefly algorithm; magnetic resonance imaging; noise elimination; thresholding; multiple 

wavelet transform. 

1. Introduction  

In many medical images such as magnetic resonance imaging (MRI) noise elimination is 

important (Iglesias et al. 2018). Accordingly, some nonlinear classical filters were presented. 

Median filter (Monajati and Kabir 2020), order statistic filter (Saber et al. 2014), nonlinear mean 

filter (Karani et al. 2018; Liang 2019; Sandilya and Nirmala 2018) are some of these examples. 

In recent years, to eliminate noise from the signal, more attention is paid to multi-resolution rep-

resentations.   

In this paper, a multiplicity wavelet transforms with hard thresholding, soft thresholding, 

nonlinear thresholding, and firm thresholding are used to eliminate gaussian noise from images. 

The appropriate threshold is calculated using the firefly algorithm (FA). 

2. Wavelet transform and multiple wavelet transform 

In continuous wavelet transform, calculations are performed for all scales. But in discrete 

wavelet transform, instead of all the scales, squared scales are selected for the calculations. In 

short, discrete wavelet transform can be defined as a series of filter banks applied to a signal. The 

block diagram of the discrete wavelet transform is shown in Fig. 1. The input image passes 

through low-pass and high-pass filters, and after two sample units drop rates, two subbands are 

obtained. This process is repeated for both subbands and finally, after a parsing level, four sub-

bands are obtained. The LL subband, the approximation, and the other three subbands are other 

details. 
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Figure 1 – Block diagram of a discrete wavelet transform 

3. Thresholding techniques 

Usually, after wavelet transform and multiplicity wavelet transform, noise is present in 

high-frequency components. The wavelet thresholding is an estimated technique that uses wave-

let transform features and changes the small coefficients that are below a certain threshold, thus 

noise can be eliminated (Fan and Xiao 2019; Zhuang and Liao 2020). These methods include 

Soft thresholding, Hard thresholding, Non-linear thresholding, and Firm thresholding. 

4. Firefly algorithm 

The firefly algorithm is one of the algorithms derived from nature that mimics the social 

behavior of firefly. This algorithm was introduced by Yang in 2008 (Yang 2008; Akemi et al. 

2019). Fireflies produce lights that each have a different light pattern. They use this light to at-

tract mates and prey, the amount of light is directly related to the attractiveness of the firefly. 

Considering the amount of light in each firefly as the value of the objective function, the behav-

ior of fireflies can be modeled as an optimization algorithm. For the convenience of simulating 

the life of fireflies in the modeling process, three basic assumptions are considered: 

1) All fireflies are unisex so that one firefly is attracted to other fireflies regardless of 

their sexuality. 

2) Attractiveness is proportional to their brightness, thus for any two flashing fire-

flies, the less brighter one will move towards the brighter one. The attractiveness is proportional 

to the brightness and they both decrease as their distance increases. If no one is brighter than a 

particular firefly, it moves randomly. 

3) The brightness or light intensity of a firefly is affected or determined by the land-

scape of the objective function to be optimized. As mentioned, the attractiveness of fireflies (β) 

is relative and depends on the distance between the two fireflies (r) and the light absorption coef-

ficient (γ), which can be calculated from the following equation: 

β
(r)

= β
o

e−γr2
                                                                      (1) 

Where β
o
 is the attractiveness at r = 0. The position of the lightning firefly ith after mov-

ing towards the firefly jth which is brighter is calculated from the following equations: 

xi
n = xi

n−1 + βoe−γrij
2
(xj

n−1 − xi
n−1) + αei

n−1                                     (2) 

rij = ⃓xi −  xj⃓                                                                    (3) 
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Where xi, the position of the low-light firefly, xj, the position of the brighter firefly, n, the 

repetition number, α, a random number and ei
n−1, a vector is a random number that can have a 

uniform or Gaussian distribution. The absorption of fireflies continues until they are attracted to 

the brightest available firefly. This firefly creates the best value for objective function (Fig. 2).  

 

Figure 2 – Flowchart of firefly algorithm 

In determining the optimal parameters of the firefly algorithm, the α and β values vary in 

the range [0, 1] and γ value vary in the range [0, ∞) (Yang 2008) (Table 1).  

  𝛃
𝐨
 𝛄 𝛂 
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Firefly algorithm gives the threshold that has a minimum MSE value. The lower the mean 

squared error, signal to noise ratio (SNR) and peak signal to noise ratios (PSNR) increase, in 

other words, the noise elimination using thresholds, the less the thresholding method error, and 

the SNR and PSNR are greater, the thresholding technique has a better performance. The number 

of algorithm repetitions is considered to be 100. 

5. Simulation results 

To simulation and process noise elimination, a phantom image and a 256 × 256 MRI image 

are used. First Gaussian noise is applied to the image with different variances, then the SNR for 

the noise image is calculated. We consider noise-canceled image with a signal-to-noise ratio of 

5dB, 10dB, 15dB, 20dB for noise elimination processing. To eliminate noise, we use a multiplic-

ity wavelet transform of generalized Hermite matrix polynomials (GHMAP) with a decomposi-

tion level. 

We apply different noise elimination thresholding methods to noise images and determine 

the best method according to the evaluation criteria. Another criterion is the visual quality that 

observes the superiority of the thresholding methods in terms of visual. Another criterion is the 

visual quality that observes the superiority of the thresholding methods in terms of visual. The 

effectiveness of the methods performed is measured using the PSNR and SNR metrics. The SNR 

is an estimate of the quality of the recovered image compared to the original image, which, if it 

is high, indicates less noise in the image. The SNR is calculated in dB based on Equation (4). 

SNR = 10 log10 (
1

MN
∑ ∑

[I(x, y)]2

MSE

N−1

x=0

M−1

y=0

)                                                (4) 

where, I(x, y) is the original image. The MSE expresses the signal error, which is the cost 

function in the firefly algorithm and is calculated according to Equation (5). 

𝑀𝑆𝐸 =
1

𝑀𝑁
∑ ∑(𝐼(𝑥, 𝑦) −

𝑁−1

𝑥=1

𝑀−1

𝑦=0

𝐼′(𝑥, 𝑦))2                                                  (5) 

That MN is the image size. I(x, y) and I′(x, y) respectively show the original image and 

image without noise. The high PSNR means that more noise is removed from the image. PSNR 

in dB is determined by Equation (6). 

PSNR = 10log10

(2n − 1)2

MSE
                                                        (6) 

That 2n − 1 is the maximum pixel possible in the image. For an 8-bit image, the maximum 

pixel is 255 for a phantom image, and for a 12-bit MRI image, the maximum is 4095 pixels. The 

SNR for homogeneous images is not well defined. Therefore, the PSNR is used to assess the 

quality of the recovered image. In the definition of SNR and PSNR, there is an MSE scale, for 

this reason, we do not use this separate scale. According to Table 2 and comparison of SNR cri-

teria for different methods, at high and low signal-to-noise ratios, multi-wavelet transform with 

firm thresholding is better than other methods. Also, when the thresholding is calculated from 

the firefly algorithm, it is observed that SNR values are increased compared to the previous state. 

A multiple wavelet transforms with firm thresholding at high and low levels, the signal to noise 

ratio acts better than other methods. 
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Table 3 shows the PSNR criterion for different noise elimination methods from phantom 

images with a signal-to-noise ratio of 5-20dB. The more the PSNR value, the better the method 

of noise elimination. 

     

     

     

     

     

     

     

     

     

According to Table 4 and comparison of SNR criteria for different methods, at high and 

low signal-to-noise ratios, multi-wavelet transform with nonlinear thresholding is better than 

other methods. When the thresholding is calculated from the firefly algorithm, SNR values in-

crease. In this case, at different levels of signal-to-noise ratio, multi-wavelet transform with firm 

thresholding works better than other methods. 
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Table 5 shows the PSNR criterion for different methods of noise elimination from an MRI 

image with a signal-to-noise ratio of 5 to 20 dB. Figs. 3 and 4 show the visual quality of noise 

elimination techniques from phantom and MRI images with a signal-to-noise ratio of 20 dB. 
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Figure 3 –  a) Initial image without noise, b) Noise image with SNR = 20db, c) De-noise image with 

multiplier wavelet transform with hard thresholding, d) De-noise image with multiplier wavelet 

transform with soft thresholding, e) De-noise image with multiplier wavelet transform with nonlinear 

thresholding, f) De-noise image with multiplier wavelet transform with firm thresholding, g) De-

noise image with multiplier wavelet transform with hard thresholding with the FA algorithm, h) De-

noise image with multiplier wavelet transform with soft thresholding with the FA algorithm, i) De-

noise image with multiplier wavelet transform with nonlinear thresholding with the FA algorithm, j) 

De-noise image with multiplier wavelet transform with firm thresholding with the FA algorithm 



ФИЗИКО-МАТЕМАТИЧЕСКИЕ НАУКИ 
  
 

190 | ФУНДАМЕНТАЛЬНЫЕ И ПРИКЛАДНЫЕ ИССЛЕДОВАНИЯ В СОВРЕМЕННОМ МИРЕ 

 

Figure 4 –  a) Initial image without noise, b) Noise image with SNR = 20db, c) De-noise image with 

multiplier wavelet transform with hard thresholding, d) De-noise image with multiplier wavelet 

transform with soft thresholding, e) De-noise image with multiplier wavelet transform with nonlinear 

thresholding, f) De-noise image with multiplier wavelet transform with firm thresholding, g) De-

noise image with multiplier wavelet transform with hard thresholding with the FA algorithm, h) De-

noise image with multiplier wavelet transform with soft thresholding with the FA algorithm, i) De-

noise image with multiplier wavelet transform with nonlinear thresholding with the FA algorithm, j) 

De-noise image with multiplier wavelet transform with firm thresholding with the FA algorithm 

According to Figs. 3 and 4, de-noise image with multiplier wavelet transform with soft 

thresholding, the effect of a block is created, which in some of the edge detection algorithms, this 

effect is mistakenly detected by the edge. De-noise image has a better quality by multiplicity 

wavelet transform with firm thresholding, and then multiplicity wavelet transforms with better 

nonlinear thresholding. Also, the image obtained from the multiplicity wavelet transform with 

firm thresholding and the firefly algorithm is better than other methods. 
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6. Conclusion 

Noise elimination from images and improving their quality is one of the most challenging 

fields of image processing. Multiple wavelet transform, unlike scalar wavelets, can simultane-

ously have properties such as symmetry and high approximation. Hence, multiple wavelets, due 

to their higher degree of freedom than wavelet transform, decompose the image more accurately 

and retain the edges, and have high efficiency in noise elimination from images. In this paper, 

the multiplicity wavelet transforms with four hard, soft, nonlinear, and firm thresholding meth-

ods were used for noise elimination from the image. The results show that for a phantom image 

and at all levels of the signal-to-noise ratio, multiplicity wavelet transform with firm threshold-

ing is better than other methods. Also, this method works more efficiently by selecting the 

thresholding by the firefly algorithm. For an MRI image at high and low noise levels, multiplici-

ty wavelet transforms with nonlinear thresholding are superior in terms of SNR and PSNR crite-

ria. But by choosing the exact thresholding by the firefly algorithm, at high and low noise levels, 

multiplicity wavelet transforms with firm thresholding is better than other methods. In general, 

the thresholding selection by the firefly algorithm increases the SNR and PSNR values and re-

sults in better noise elimination. 
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