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Outline

• Introduction to Cyber-Physical System (CPS)
• Introduction to Embedded System
• Embedded System Hierarchy
• Development Flow of Embedded System
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Cyber-Physical System (CPS)

• Definition: 
• Integration of computation with physical processes, defined 

by the intersection
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Cyber-Physical System (CPS)
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Embedded System

• An embedded system is a computer system˒a combination 
of a computer processor, computer memory, 
and input/output peripheral devices˒that has a dedicated 
function within a larger mechanical or electronic system.
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Source: https://www.heavy.ai/technical-
glossary/embedded-systems

https://en.wikipedia.org/wiki/Computer_system
https://en.wikipedia.org/wiki/Computer_processor
https://en.wikipedia.org/wiki/Computer_memory
https://en.wikipedia.org/wiki/Input/output
https://en.wikipedia.org/wiki/Electronics


Peking University

CPS is A Multidisciplinary Area
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https://www.bilibili.com/video/BV1ZA411e7Ff/

https://www.bilibili.com/video/BV1N14y1E741/

https://www.bilibili.com/video/BV1ZA411e7Ff/
https://www.bilibili.com/video/BV1N14y1E741/
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Cyber-Physical System (CPS)

• DARPA: Symbiotic Design for Cyber Physical Systems (SDCPS), $8.7M
• NSF: The CPS program aims to develop the core research needed to 

engineer these complex CPS, some of which may also require 
dependable, high-confidence, or provable behaviors , $32.4M
• 䡘㎁ꄆ憠溿⹠阞⮕榾粠⟔䕜擻杼硍簊⮇冫┚䫝⯆氳㓹滼杼阷┚亡嫏
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Example: Automotive CPS

• Safer Transportation
• Reduced Emissions
• Smart Transportation
• Energy Efficiency
• Climate Change
• Human-Robot Collaboration
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Example: 嫦娥四号着陆器+探测器
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Example: Lab-on-a-chip
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• Precise droplet control
• Real-time analysis

Source: Lab-on-a-chip: a component view 
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Example: Smart Bandage
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Jiang, Y., Trotsyuk, A.A., Niu, S. et al.Nat Biotechnol 41, 652–662 (2023). 

• Intersection of :
• Material science
• Electronics
• Embedded Systems
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Development Flow of CPS
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• Modeling is the process of gaining a deeper understanding of a 
system through imitation. Models express what a system does or 
should do. 

• Design is the structured creation of artifacts. It specifies how a 
system does what it does. 

• Analysis is the process of gaining a deeper understanding of a 
system through dissection. It specifies why a system does what it 
does (or fails to do what a model says it should do). 
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Motivating Example of a Cyber-Physical System

• (see Chapter 1 in book)
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STARMAC quadrotor aircraft (Tomlin, et al.)
㛢仄縂仰☕儬

Modeling:
٬ Flight dynamics (ch2)
٬ Modes of operation (ch3) 
٬ Transitions between modes (ch4) 
٬ Composition of behaviors (ch5) 
٬ Multi-vehicle interaction (ch6) 

Design:
٬ Sensors and Actuators (ch7)
٬ Processors (ch8)
٬ Memory system (ch9) 
٬ Sensor interfacing (ch10) 
٬ Concurrent software (ch11) 
٬ Real-time scheduling (ch12) 

Analysis
٬ Specifying safe behavior (ch13) 
٬ Achieving safe behavior (ch14) 
٬ Verifying safe behavior (ch15) 
٬ Guaranteeing timeliness (ch16) 
٬ Security and privacy (ch17) 
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Design of STARMAC Design
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Think Critically

• Any course that purports to teach you how to design 
embedded systems is misleading you

• The technology will change, rapidly!

• Our goal is to teach you how things are done today, and why 
that is not good enough. 

Courtesy: UC Berkeley EECS149

15



Peking University

Outline

• Introduction to Cyber-Physical System (CPS)
• Introduction to Embedded System
• Embedded System Hierarchy
• Development Flow of Embedded System
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Historic Perspective：
Embedded System Depends on IC Technology
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㿋⪍䌋硍簊䷸㰣阯╬⛰䇯䍠
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Historic Perspective：
Embedded System Depends on IC Technology
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世界上首个
晶体管 (1947)

首个晶体管电路产品
(1952)

首个集成电路
(1958)

世界首个CMOS
电路 (1963)

DRAM技术
发明 (1968)

首个Kbit 
DRAM内存 

(1970) 首个4-bit微
处理器产品 

4004 (1971)

首个单片DSP
芯片产品 
(1979)

首个闪存产品
(1984)

英特尔386 
CPU (1985)

奔腾处理器
(1995)

3G 
(2002)

DRAM内存
达到Gb
(2000)

iPhone 
(2007)

4G 
(2009)

210亿晶体管
GPU(2017)

谷歌TPU深度
学习加速器

(2017)
IBM TrueNorth 
类脑计算芯片 

(2014)

4GB HBM2 
DRAM内存

(2016)
三维集成闪

存发明 
(2012)

22nm 
FinFET 
(2011)

首个 
FinFET 
(1999)

铜线连接发明
(1998)

350nm工艺
(1995)1µm工艺

(1985)晶体管微缩
定律(1974)

7nm 
FinFET工艺 

(2018)

4nm 800
亿晶体管 

H100 GPU 
(2022)

首个存内计算
芯片(2015)

CoWoS芯
粒集成技术

(2019)

摩尔定律
(1965)

大型计算机
科学计算时代 移动计算时代

个人电脑
小型化时代 互联网时代

高性能计算/
感知智能时代

泛在通用人工
智能计算时代

1965以前 1965-2000 2000-2007 2007-2017 2017-2027

2025-2035

90nm工艺
(2002)

45nm工艺
(2007)

牵引应用：
• 军事应用
• 科学计算

牵引应用：
• 图文办公
• 自动控制

牵引应用：
• Web1.0/2.0
• 网络服务

牵引应用：
• 智能手机
• 移动互联网

牵引应用：
• 云计算
• 深度学习

牵引应用研判：

• 通用智能体

• 元宇宙空间

• 社会模拟器

• 具身智能

• 服务机器人

先进芯
片指数

发展

技术：

产品：

价值导向的
通用人工智能

基于智能体的产业
泛在智慧化革命
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K210 Architecture
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KPU运⾏卷积深度学习⽹络
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KPU
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KPU⼯作流程
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其它例⼦：地平线征程5
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Outline

• Introduction to Cyber-Physical System (CPS)
• Introduction to Embedded System
• Embedded System Hierarchy
• Development Flow of Embedded System
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Embedded System Abstraction

25

The purpose of an 
abstraction is to hide 
details of the 
implementation below 
and provide a platform for 
design from above. 
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Embedded System Abstraction
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Sometimes it is too hard 
to isolate layers˟
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K210 Hardware (Revisit)
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K210 Hardware (Revisit)
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Software for Embedded Systems
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Driver

Operating System

Application Programing 
Interface

Application Program
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Software for Embedded Systems
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Driver

Operating System

Application Programing 
Interface

Application Program
Example: FT2232H

• Single chip USB to dual channel UART 
(RS232, RS422 or RS485).

• Single chip USB to dual channel FIFO.
• Likewise Single chip USB to dual channel 

JTAG.
• Single chip USB to dual channel SPI.
• Additionally Single chip USB to dual 

channel I2C.
• Single chip USB to dual channel Bit-Bang.
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Software for Embedded Systems
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Driver

Operating System

Application Programing 
Interface

Application Program
Example: FT2232H

• The device allows for configurable I/O 
drive strength and slew rate, and it 
incorporates a highly integrated design 
with a built-in +1.8V LDO regulator for 
VCORE, power-on-reset (POR) function, 
and an on-chip clock multiplier PLL.
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Software for Embedded Systems
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Driver

Operating System

Application Programing 
Interface

Application Program

OS: ⱶ鰉/⽤车/留杼儬溞⽤车乄♭
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Type I - Compilation Work Flow
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Code Compiler Assembler Linker OS

姻籁溞
Assembly

儬溞
Machine code

Multiple machine code pieces

One piece of executable block

Hardware
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Type II ‒ MicroPython + Bare Metal Program

• MicroPython was created by Damien George, with initial 
release launched on May 3, 2014.
• It is actually a program that runs on MicroControllers, and is 

itself written in C language.
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Type III ‒ OS + Python 
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Based on Debian Linux distribution
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Software for Embedded Systems
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愂佔䫓孾鯲Ⲯ妰⺙

紇㎁NASA舅20┪篕80䇗♏儕♔
全㶩┉波㏇芒㛿╈ꃾ榫㲓
休䳩⛼硍簊☳僄企氳愂佔
氨ꡯ縖⮽Ⲯ妰⺙齉ꃾ榫
▽RTOSVxWorks)նⲮ妰⺙ꃾ
榫氳㿋⪍䌋鯻♭˒˒㏇☢☢
128MB氳狝ꠑꄅ㰇䷒▽⪭僄劭
䑐氳爊䈌
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Real-Time Operating System (RTOS) Example
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https://www.freertos.org, as of 2023

https://www.freertos.org/
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Real-Time Operating System (RTOS) Feature
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Regular OS Real-Time OS (RTOS)

Complex Simple

Best effort Guaranteed response

Fairness Strict Timing constraints

Average Bandwidth Minimum and maximum limits

Unknown components Components are known

Unpredictable behavior Predictable behavior

Plug and play RTOS is upgradable
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Software for Embedded Systems
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Driver

Operating System

Application Programing 
Interface

Application Program
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Development of Embedded Systems

• 䋯⹠朅㗟
• IDEIntergrated Development Environment◬⹔䋯⹠鯻♭┉芘╙

┉╄丞⺭籁鰝յ籁陎姻籁ꛔ䫙յ隀陒յ䄄爊留杼⹖⭹丘䈑璡Ⱶ耇嘗㐉
• ㏇篪隀陒On-Chip DebuggingOCD
• 㓹◇JTAG氳ICDIn-Circuit Debugger 

• 鯻♭嘗䦟朅㗟㞝QEMU

• 陁勇榾饟冏䋯⹠冏
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Hardware/Software Codesign

• 㿋⪍䌋硍簊阻阞佭✳榫┉篯擻杼漲♭完鯻♭全㱮䡗䢦꧎Ⱶ耇氳鲋爊ն
硍簊佭䧗♳⛰榺漲♭յ鯻♭䡝縖┼縖氳篾⺭全冘䡗氳Ⱶ耇阻㚷ն

• 榺◇㿋⪍䌋硍簊佭┉╄┥榫氳硍簊䢦♔㿋⪍䌋◲⿁氳阻阞鲋爊╈
鯻♭阻阞完漲♭阻阞佭碧㳢篾⺭յ注◎ⶖ隀氳ն鲹㶩◲榟▽┉熨⪓亍
氳⹠㷤╈氳阻阞杼阷鯻漲♭ⶖ⺱阻阞

• 鲹熨亡嫏氳攑憠佭㏇阻阞休☳硍簊Ⱶ耇氳㲓朆縓诿䤧㲓朆休氳鯻
漲♭⺱休縓诿鲽⸼漲♭阻阞ⴎ䦮菆撴篒Ⱶ耇㲋⯆阻阞ն仵⺎♔
僄㛻꡿䈲氳⮵榫僗䷞顫嶏յ籔湿䋯⹠⼽僿⹒耇⹧䐂催㞑氳阻阞䷞冽ն
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