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Dersin Tanimi

(Course Description)

Bu ders, otonom sistemler icin gdmull yazilim gelistirme siireglerini gercek zamanli uygulamalarla 6gretmeyi
amaglar. C/C++ dili kullanilarak mikrodenetleyici programlamaya giris yapilir ve FreeRTOS benzeri bir RTOS
ortaminda goérev yonetimi, senkronizasyon ve zamanlama konulari islenir. Sensér ve aktliator arabirimleriyle
sistem kontrol dongtleri olusturulur. Dersin sonunda 6grenciler, Hardware-in-the-Loop (HIL) altyapisi kullanarak
otonom sistem bilesenlerinin yazilim tabanli kontroltini gerceklestirdikleri bir mini proje gelistirirler.

This course introduces the development of embedded software for autonomous systems through real-time
applications. Students will learn C/C++ programming for microcontrollers and explore task management,
synchronization, and scheduling in a real-time operating system (RTOS) environment such as FreeRTOS. Sensor
and actuator interfaces will be used to implement control loops within embedded systems. By the end of the
course, students will develop a mini project using a Hardware-in-the-Loop (HIL) setup to implement software-
based control of autonomous system components.

Dersin Amaci

(Course Objectives)

e Ogrencilere, otonom sistemlerde kullanilan gémiili sistemlerin temel donanim ve yazilim yapi taslarini
6gretmek.

o Gergek zamanli isletim sistemleri (RTOS) kullanarak gérev yénetimi, sensér/eyleyici araylizleme ve kontrol
dongusi tasarimi becerilerini kazandirmak.

e Hardware-in-the-Loop (HIL) altyapisi kullanarak mikrodenetleyici tabanli sistemlerin tasarimi ve testini
gerceklestirme yetkinligi kazandirmak.

e To teach students the fundamental hardware and software components of embedded systems used in
autonomous platforms.

e To develop skills in task management, sensor/actuator interfacing, and control loop design using real-time
operating systems (RTOS).

® To enable students to design and test microcontroller-based systems using a Hardware-in-the-Loop (HIL)
framework.

Dersin Ogrenme
Ciktilan

(Course Learning
Outcomes)

Bu dersi basariyla tamamlayan 6grenciler:

1. Otonom sistemlerde kullanilan gomuili donanim bilesenlerini ve yazihm yapilarini tanimlar.

2. Gergek zamanli isletim sistemleri ile gérev yonetimi, zamanlama ve senkronizasyon islemlerini uygular.

3. Hardware-in-the-Loop (HIL) altyapisiyla sensor-aktiator dongleri iceren gémala sistem uygulamalari gelistirir
ve test eder.

Upon successful completion of this course, students will be able to:

1. Identify embedded hardware components and software architectures used in autonomous systems.

2. Implement task management, scheduling, and synchronization using real-time operating systems (RTOS).

3. Develop and test embedded system applications involving sensor-actuator loops using a Hardware-in-the-Loop
(HIL) framework.




DERS PLANI

Dersin
Hafta Konular Ogrenme
Ciktilan
1 JGomili Sistemlere Giris ve Otonom Sistem Mimarileri 1
2 IMikrodenetleyici Temelleri ve Gelistirme Ortamlari 1
3 |C/C++ile Gémiili Programlama Temelleri 1,2
4 |Gergek Zamanl Sistemlere ve RTOS'a Giris 2
5 |RTOS ile Gorev Yapisi: Process’ler, Thread'ler ve Scheduler 2
6 |corev Senkronizasyonu ve Veri Paylasimi 2
7  |Sensor Araylizleri ve Simiilasyon Modeliyle Entegrasyon 1,2,3
8 JAktlator Stirme ve Similasyon Modeline Cikis Yazma 1,2,3
9 [Hardware-in-the-Loop (HIL) Temelleri ve Altyapi Kurulumu 3
10 |HIL Uygulamasi I: Basit sistem modeliyle dongii kurma 3
11 |HIL Uygulamasi Il: Ucus benzetimi senaryosu ve kontrol6r testleri 2,3
12 [RTOS Performans izleme, Debugging ve Zamanlama Analizi 2,3
13 |Mini Proje Gelistirme: Ogrenci tarafindan secilen gérev bazli HIL sistemi 1,2,3
14  JProje Sunumlari ve HIL Gésterimi 2,3
COURSE PLAN
Course
Weeks Topics Learning
Outcomes
1  |]introduction to Embedded Systems and Architectures of Autonomous Platforms 1
2 |Microcontro|ler Fundamentals and Development Environments 1
3 |Basics of Embedded Programming with C/C++ 1,2
4 lintroduction to Real-Time Systems and RTOS Concepts 2
5 Task Structure in RTOS: Processes, Threads, and Scheduling 2
6 Task Synchronization and Data Sharing Mechanisms 2
7 Sensor Interfaces and Integration with Simulation Models 1,2,3
8 Actuator Control and Signal Output to Simulation Models 1,2,3
9  Hardware-in-the-Loop (HIL): Fundamentals and System Setup 3
10 |HIL Application I: Closed-Loop Implementation with a Basic System Model 3
11 |HIL Application IlI: Flight Simulation Scenario and Controller Testing 2,3
12 |RTOS Performance Monitoring, Debugging, and Timing Analysis 2,3
13 IMini Project Development: Task-Oriented HIL Implementation 1,2,3
14 |Project Presentations and HIL Demonstrations 2,3




Dersin Savunma Teknolojileri Yandal Programi Ogrenci Ciktilariyla iliskisi

Katki

Programin mezuna kazandiracagi bilgi ve beceriler (programa ait ciktilar) Seviyesi
1| 2| 3

Mihendislik, fen ve matematik ilkelerini uygulayarak karmasik miihendislik problemlerini
belirleme, formiile etme ve ¢c6zme becerisi.

Kiresel, kiiltiirel, sosyal, cevresel ve ekonomik etmenlerle birlikte 6zel gereksinimleri saglik,
glivenlik ve refahi gbz 6niine alarak ¢6ziim tireten mihendislik tasarimi uygulama becerisi.

Farkl dinleyici gruplariyla etkili iletisim kurabilme becerisi.

Mihendislik gérevlerinde etik ve profesyonel sorumluluklarin farkina varma ve mihendislik
¢ozlimlerinin kiiresel, ekonomik, cevresel ve toplumsal baglamdaki etkilerini gz éniinde
bulundurarak bilingli kararlar verme becerisi.

Uyeleri birlikte liderlik saglayan, isbirlikci ve kapsayici bir ortam yaratan, hedefler belirleyen,
gorevleri planlayan ve hedefleri karsilayan bir ekipte etkili bir sekilde calisma yetenegi becerisi.

Ozgiin deney gelistirme, yiiriitme, verileri analiz etme ve yorumlama ve sonuc cikarmak icin
mihendislik yargisini kullanma becerisi.

Uygun 6grenme stratejileri kullanarak ihtiya¢ duyuldugunda yeni bilgi edinme ve uygulama

becerisi. X

Olcek: 1: Az, 2: Kismi, 3: Tam

Relationship of the Course to Defense Technologies Minor Program Student Outcomes

Level of
Program Student Outcomes Contribution
1 2 3
An ability to identify, formulate, and solve complex engineering problems by applying X
principles of engineering, science, and mathematics.
An ability to apply engineering design to produce solutions that meet specified needs with
consideration of public health, safety, and welfare, as well as global, cultural, social, X
environmental, and economic factors.
An ability to communicate effectively with a range of audiences.
An ability to recognize ethical and professional responsibilities in engineering situations and
make informed judgments, which must consider the impact of engineering solutions in global,
economic, environmental, and societal contexts.
An ability to function effectively on a team whose members together provide leadership,
create a collaborative and inclusive environment, establish goals, plan tasks, and meet X
objectives.
An ability to develop and conduct appropriate experimentation, analyze and interpret data, X
and use engineering judgment to draw conclusions.
An ability to acquire and apply new knowledge as needed, using appropriate learning X
strategies.
Scaling: 1: Little, 2: Partial, 3: Full
Tarih (Date) Béliim onayi (Departmental approval

01.08.2025




Ders kaynaklari ve Basari degerlendirme sistemi (Course materials and Assessment criteria)

Ders Kitabi Valvano, J. W. (2017). Embedded Systems: Real-Time Operating Systems for
(Textbook) ARM Cortex-M Microcontrollers (Volume 3, 4th Edition).
Diger Kaynaklar 1) Barry, R. (2017). Mastering the FreeRTOS Real Time Kernel (v10.x Edition).

(Other References)

2) Peckol, J. K. (2019). Embedded Systems: A Contemporary Design Tool (2nd
Edition).

Odevler ve Projeler
(Homework & Projects)

Odevler ve proje calismasi yapilir.

Assignments and project work will be carried out.

Laboratuar Uygulamalari
(Laboratory Work)

Yapilacaktir.

To be conducted.

Bilgisayar Kullanimi
(Computer Usage)

Similasyon araclari tanitilacak ve kullandirilacaktir.

Simulation tools will be introduced and utilized

Diger Uygulamalar
(Other Activities)

Basari Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler Adedi Genel Nota Katki, %
(Activities) (Quantity) (Effects on Grading, %)

Yil ici Sinavlar
(Midterm Exams)

Kisa Sinavlar
(Quizzes)

Odevler
(Homework)

Projeler
(Projects)

Dénem Odevi/Projesi
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Sinavi
(Final Exam)
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