2021/10/8

Fhrir%=

¥ (4) it 7 4 Kk 3 a

AL INRERSITY

@ English Slides + English Presentation?

Real Tlme Inte"'gent System De5|gn @ English Slides + Chinese Presentation?

K A2 2020 5 144 4 9898 Rk 4R 8
K A2 202154 KB E 4 R REF LR

. Chinese Slides + English Presentation?
ZHANG Kailong ® 9
Professor, Ph.D Supervisor
School of Computer Science and Technology
NPU-Paristech MINES Joint lab of Robot and Swarm Intelligent Systems
kl.zhang@nwpu.edu.cn

- 7 - b
ot s RELe kA RS s £ 2 @ ot = Gtz ard mes 55 £ 2 @
3 4
One question of philosophy of science and technology Filtzi+ % E7) Filtzi+ % E7)
’ Scientist OR Engineer? What' s Science? Engineering?
HiiEs his linear model of inncvation s in fact how things work. For example, About.com, — [S] Discover from nature, [E] Human-made?
= an advenising-funded website centered around articles on a buge variety of subjects. H H H
.;x,‘% collects reader commentary, On the question of “Engineer vs ;-.u..u.\|-wnm'.~ the - [S] Theory researCh' [E] DeSIQn & Implementatlon?
* Difference™ some of the reader answers are:* _ [S] Innovation [E] Application & Optimization7
ﬂ Scientists are the ones who create the theories, engineers are the ones ! :
[}m T who implement them, They compliment [sic] each other.. — [S] Superior, [E] Hard work & Inferior/LOW?
&-.Icu;:- isa |Il.ll of high level theory and engincering is implementation — [E] iS the LITTLE SISTER Of [S]’)
” and optimization. L
Engincers deal with math, efiiciency and optimization while Scicntist « Wiki item
el rulat s prsbie - _ ~ Engineering is the application of mathematics, empirical evidence
I'\':‘“*:i’;“:;::'“‘""""""“"‘*’"""-““"' Secientists are trained for and scientific, economic, social, and practical knowledge in order
Question: What i . .I e \ and to invent, innovate, design, build, maintain, research, and improve
Scientists develop theorizs asd work 1o verify them, Engineers search in : ;
an engineer? these theories 1o ~optimize” things in real life. structures, machines, tools, systems, components, materials, and
A scientist invents a law and an engincer applics it processes. ( 2016)

Answer: An optimist scicaiis for imvention of new theorics [sicl, Engincers for applying 31288 half — The term Engineering is derived from the Latin ingenium,

empty. An engineer s e feuis: forrir » meaning “cleverness” and ingeniare, meaning “to contrive,
eVIse
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Fhriida Fhzirga)
+ Overview
" ” * Real - Time Intelligent System Structure and Method
What does REAL-TIME mean? — Real - time operating system mechanisms (Resources , Schedule),

taking VxWorks for example , Real-time Linux;
— (Polymorphism) Adaptive scheduling
- Real - time network mechanism
« The Topic Discussion of Intelligent Method

— Please summary and write down

What' s “INTELLIGENCE” , especially with - Big data and Machine Intelligence
. e 2 - Intelligent Sensor
d|g|ta| technology. - Intelligent Circuit, Evolvable Logic, Polymorphic Calculation (
. )
— Please summary and write down — Fuzzy Control, Neural Networks . Evolutionary Computation, Target
Identification
— Markov Chain and Its Model
" ) Intelligent Internet of Things
Why do we focus on SYSTEM” ? . Development Method Theme
— Please summary and write down ~_synchronous programming languages

« Simulation and Verification
— How to verify real-time, How to verify intelligence, Monte Carlo
Method
— Semi - Digital and Semi - Physics
+ Case study 1: Intelligent Industrial Control
Case study 2: Unmanned Aerial Vehicle

_,&’ C'ts.‘s‘tudy 3: Intelligent Transportation 101 m
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» Objective
—To discuss the composition, characteristics,
modeling and design method of real-time
intelligent systems from a system perspective on
the basis of learning embedded computing
technology, network communication and artificial
intelligence.
 Class Mode
— Theoretical Explanation + Topic Discussion +
System Design
— Each group — One Project — One presentation —
Reports
+ Assessment Method
— Project: 50% + Topic Discussion: 30% + Class: 20%

Fhrir%=

* Reference Material
- BARRRBR. RES5&IT, Kk, BEXFHhMRT, 2017;

- Ej;ﬁ%?ﬁ 549, i8iHS51EE, Meytel AM, BliEhR, BBF TV HER
#t, 2005;

— Real-Time Systems and Programming Languages (4th ed.), Alan
Burns and Andy Wellings, Addison-Wesley, 2009;

— SERIRMR, Jane W.S Liv, BHFIR, BEHE AR, 2003;

— Journal of Real-Time Systems, Springer US, 1989-2014;

— Embedded Systems & Robots, Subrata G., Cengage Learning, 2009;

- EEHER (B24F)  WEIR, BT IR, 2012;

— IEEE ERAE, RIF MR, 2010,

- ATEGHZRY, B WE TV HARsE, 2005;

— Hl#FF 3, Mitchell TM., BIERR, HUR T HARIL, 2008;

— |EEE: http://www.ieee.org/index.html

- BHER KRS ERESEICE, RE, PEHIRER. 2017
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Fhzitgiz Fhzitgiz
 Previous Students’ Works
- Yang Ansheng ,et al. Inverted Pendulum . 2017 students’ work video
Based on Fuzzy Control
- Su Hang, et al. Vehicle License Plate .
Recognition « 2019 students’ work video
— Zuo Panfei ,etal. Quad-rotor Unmanned
Aircraft
— Zhao Hua ,et al. Visual Recognition
Robot
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» Development Background Extension
+ The Intelligence of Embedded System

A Variety of Intelligent Systems
« Research on Intelligent  Embedded Part I: Hello Embedded 1.0

Computing Background Extension
» Embedded Intelligent Research in Europe
» Our Related Work
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* From the assumption of Kelvin to the emergence of — In 1876, Kelvin designed and implemented a tidal device

for forecasting tide;
— Kelvin first used the word "Calculator" in an academic
report in 1882;

the automatic computing device

— The development of computing technology stems from the
J i ‘onal
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Differential Analyzer (${% %)

— Developed by Van Geneva Bush in 1931 . It was a typical
implementation of Kelvin's assumption and the first
mechanical computer that was used to solve differential
equations;

— Electronic components are further used to replace certain
mechanical parts , and computing device is optimized to
form the "Rockefeller Differential Analvzer 2"
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Electronic computer techno-
— Ballistic trajectory and Fire logy provides high efficiency,
Table calculation is very high precision and complex
important to improve the hit SRR S{iaR N E Lo

ratg; part of the work of "man"!
— A fire table has more than 3000 -

parameters For a 60 second

ALTaEE_rEH

Digital Computing Technology Software Capability

System Functions
Application Area

embddded operating
;y’stem, more feature-

rich;

"‘ " W\ % Hardware Design
System Volume
l ‘ w Operation Consumption
1904Electron;_ube’ 9 1947Tran5|stor ~~~% ‘
- "te'EhnoIo technology VLSI, ULSI
1954 TRADIC 1962 IBM360 19
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*We can scarcely avoid the inference that light consists
in the transverse undulations of the same medium
which is the cause of electric and magnetic
phenomena.-

Foundations of con -Maxwell On Physical Lines of Force
Electromagnetism

*The electromagnetic field is that part of space which
contains and surrounds bodies in electric or magnetic
conditions. It may be filled with any kind of matter.
--Maxwell A Dynamical Theory of the
Electromagnetic Field

AT siF _rES

Tip : Stand on the shoulders of giants with awe and the sense of
mission!

~

H H Communication and network
Commumcatlon and Ne technology realize the inter-

-1In 1962: Professor Lickli connection of computing devices, as

paper that proposed theREREEREMEIERE RN
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Sadll.

ST W

1831 1837 1873 1876 1888 1895 1928 38 1948
; T

FhIir%4

The emergence and application of embedded
computing technology achieve the integration
of "mechanical + electronic + software’, so
that equipment has a digital capacity , with a
certain "thinking and control" ability, partially
replace, even beyond the role of "human"
factor;

+ Key notations
— Real-time - Physical rules
— Intelligence > Biological characteristics
— System - Organic aspect: thought and ability

-
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Artificial & Natural

e List what are natural

— B%X%), things the nature provides.
* List what are artificial

- NEY. ATHIR

— political systems, economies,

— engineered artifacts, and administrative organizations

¢ Think about what is artificial

— The thesis is that certain phenomena are “artificial” in a very
specific sense: they are as they are only because of a system’s
being molded, by goals or purposes, to the environment in
which it lives— {The Sciences of the Artificial) , Simon,
1996

— Herbert A. Simon, winner of both the Turing Award in
computer science and the Nobel Prize in economics

B e R s~ S
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The School of Athens
Plato and his student, Aristotle

Plato’s Allegory of the Cave

A e = LT Y
31
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Part II : Some Typical
Intelligent Embedded Systems

B e L —— . BT

28

* In contrast to Simon’s “sciences of the artificial,” the “sciences of
the natural” study what nature has given us. The goal is to uncover
the “secrets of nature,” presupposed to exist disembodied,
independent of humans.

— Physical, Chemical, Celestial Laws......
— Lao-zi’s DAO (J&@) , orPlato’s Form (EYf8) - Good (&)

Design and Discovery

T . R, EIAA,
o R G S AR AR, RAEA A A,

A e = LT Y
30

An example

+ A surprised Teddy
— Natural or Artificial?
— Discovery or Design?

« https://tech.sina.com.cn/roll/2020-09-17/doc-
iivhvpwy7308538.shtml

B e N — . -5
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Here, artificial things!!!

A Variety of Intelligent Embedded Systems

https: //tech sina.com.cn/roll/2020-09-
Coordinate measuring machine

Feature-Rich
More Efficient
Precision Machining

Human Intervention
‘”;’. Manpower Demand ¥ -

- Data-Drivé >
Full Marual ~ ~ Semi-Automatic i P
hanical I hanical Automatic Networked , Intelligentialize
mechanical electromechanica embedded conirol system,  real-time network technology, machine vision|
technology technology optical machine electrical and  and intelligent cooperative control technology|
nagoetic integration technoloa:

34

Computational Efficiency
Synthetic Perception
Real-time Decision
Intelligent Operation
Autonomous Collaboration
Task Ability ’

000113

EK2-07028)
Bé— RS .
ety Human Intervention
BFMAE », Manpower Demand
"=
— Full Reffiofe Control Semi-Autonomous
Wireless C Wireless Cc tion, Integrated Ad Hoc, Real time In!ormallun Fusion ,
Embedded Control, ensing, Control, Decision , High
= ; : i " 9

36

The Intelligent of Agricultural Productlon
The Intelligent of Meter Readmg Systeg_l
(e VEE e .u____
< oo’ 3 i J“Jm:“ hich is the smarter one?
S
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- If any example here is smart, but without
time constraint?
— Please summary and write down

 What' s the general features of these
smart systems?
— Please summary and write down
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A Variety of Intelligent Systems

Embedded Intelligent Research in Europe

Era of the Intelligence
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* Definition of Embedded Systgg

* Connotation : Based
_technology,  effect

computing
equipment

. The Definition of Barr Group——An International Research
Part I1I : Embedded (Real-time) Organization

. An embedded system is a combination of compu-ter hardware
Inte“lgent TeChllOlOgy and software, and perhaps additional mechanical or other parts,
designed to perform a dedicated function. In some cases ,
embedded sys-tems are part of a larger system or product, as
in the case of an antilock braking system in a car.
(F3C: AR FRGE A ENR, ek, EaT CU
JEHURECAB L, BRI RE I ThRE: RS HET,
RN R ARG R RGLHG™ i i — NS, Bl 4 B Bt
WARG (ABS) )
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Which devices are embedded systems? S

/ Engine
HDD d é E Controller

\E i Radar

My
Mobile Phone Heart Pacemaker.

Flight-Management

Fhrir42

+ General Definitions for Embedded Systems

— Technically
» Embedded system is a dedicated computer system that
is application-centric and based on computer
technology , software and hardware can be tailored to

[ 1 = -+

WAL PN R

:

M CHIUCOUTU Sy ottiin 19 PUit Ul U Idiye oy Sueinn v

performs a particular function;

B
Computer - HIL Simulator,_ === ssas 1 + An embedded system can include multiple embedded
n M — ! subsystems.
N ";" T"T‘_ LERE S RN ¥ o % 1‘?@
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Fhzir g2 Fhzir g2
- Brief Summary of the Connotation of The « The “Embeddable” Development Process of
Concept Computers
— Embedded system technology is based on — Embedded “ 1.0 ” Calculation Function
computer technology and combines with domain Embedded

technology;

— A dedicated computing system that oriented
application customization and development of
software and hardware.

| A et
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« The computer has a certain degree of specificity, which

—%

= EE

computer Whirlwind for controlling flight simulator and its magnetic core memory

™ et

48
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— Embedded “3.0” : Polymorphous Networked
» Various lightweight network protocol stacks suitable for
embedded applications have been developed.
Hardware, operating systems provide network interfaces
and services, and more and more applications are
connected to the network.

— Embedded “4.0” : Deep Integration of

Information (Systems) with Physics (the World)

» The computing device can interact autonomously with

the physical world in a certain degree through sensors

and actuators, showing the complex computing

characteristics of intelligent function, information
system and physical world.

P —
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+ Classical Embedded System VS Cyber-Physical

System (CPS)

- INRRIGESD. iTHEED. RREREN. RSSEEN. TRillsEN
RHiEEMILE;

- EHRRO%GtEIEN. EaheBiE (AUE)

- IFEHMAESEEEST, HaklmiE (5H) .
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BARKH S
(Embedded Hardware) [ Bootloader, BSPR B AR |
. .&i\.ﬂ;ﬁﬂ‘ :: PowatPC. aﬁﬁﬁf?ﬁﬁm 86,8091

Basic Architecture of Embedded System

P e S —— 5T S P
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FhIirdE Real - Time System Model e L

T | ©OOOOE
: WA BT :
H QUE. MiuiGUL CEGmph...| |

(A A Real-time
WA (g ) HfE RS
wecLinne. ViWorks. Windows CE. uC/OS... control system

L_| Bootloader. BSP Jz MR

PC, ARM. x86, MIPS. 68k/Coldfire. 8051, ( Actuator ) ( Actuator ) ( Actuator ) ( Actuator )

{[rerscrrore. |
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Actuator

Stimulus Response

Data Actuator
processor control

Sensor
control
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 Whatis a Model? List several models

AT RARNLS,
BT b T,
ER RS N

~_ﬁitSrre—Simon Laplace’ monst;}i‘“
— rimung special pnysical puenomenda or ovject

British statistician, George E. P. Box: 5
“All models are wrong, but some are useful.”

The world should be creative!

Werner Karl Heisenberg: The uncertainty principle
“The world is uncertain!”

P 8 AT EKF 08 HUMINESICE AL SN I S A g ) ~m’ D — BbTekE ees i
57 58
Fhrik¥ 2 The Connotation of “Real-Time" Fhrik¥ 2

Understanding “Real-Time” from the aspect of EOS

-t
";‘ Tﬁ Sirsid _rEN d % "m
59

The calculation of the system must produce the

correct result, called Logical or Functional Correctness;
The calculation of the system must be completed
within a predetermined time, called Timing
Correctness.

61

+ The Sinking of The Titanic
+ Missile Interception Failed
 Mars Polar Lander Crasheg

il = =
";‘ = LLAS B SN T ] B % ﬂb
60
FhIir%4
. The rolled steel plate passed at the speed of 20m / s, and the gauge

does not meet the requirement of thickness. Then the adjustment
instruction is issued to the control system. If the control device needs
100ms to control the machine to meet the requirements, is it timely?
If the total length of the steel plate is 100 m, approximately 2 m of
waste will be produced during the adjustment period;

Require rejection rate not more than 3%, in time;

The requirement of the reject rate becomes less than 1.5%, not in
time.

SRS B R

Real-time is also relative!

AT s i

Sirsid _rEd d
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— What is a real-time system?
« A very fast computing system?
* A system with very small cloCieymsis e, s ez
« Single tasking or multitasking?

WRIBH0E FERE T S R T EER
ANRESRET R4
SREEMESETEHIRET

s IR LARRAR

BEHSHRSERERARD

T, iH, EBLFHEEN, FEHERTIRRE

BITESHZE— T, RESFERTHRERRMT G, A3atery, JMARIEER
R, BREFELIIA, 0SRBEHIIEA;
SR IIEA 7 HEATRETIEAR, CPORHRRS TR, BRITSMES,
28, B AR EANETET ) HAERTIMERS

Fhrir4«

— The definition of POSIX 1003.b
+ Refers to a system that provides the required level of
service within a defined response time

— The definition proposed by Donald Gillies

+ A real-time system means that the correctness of the
calculation depends not only on the logical correctness of
the program, but also on the time it takes for the result. If
the time constraints of the system are not met, a system
error will occur.

— A computer application system that can respond
to external random events in a timely manner
and complete the pro-cessing of events at a
sufficiently fast speed (within a given time) .

= = 3 ot 6
e LT e d P eSUMNESRA LR S e !E]-a m e = LT e d P eSUMNESRA LR S e !E]-a m
63 64

Thri¥z —
— Basic Characteristics  Time Attributes of One Task— - irrit—
« Time constraints: hard real-time, soft real-time — Release time (F¥HATIE]) , the time when the task is ready; If
« Predictability all tasks are ready when the system is started, the release time
- Reliability is 0;
- The interaction of the external environment: control, — Deadline (#LLH]) , the time when the task must be )
CPS completed; If the deadline is infinite, it means that the deadline

— New Features

« Z{E5SEY: periodic, nonperiodic, occasional, anytime;

» The complexity of constraints: time constraints,
resource constraints, execution sequence constraints,
and performance constraints;

« Have the characteristic of 48 #8%; : Caused by
component aging , dynamic variations of environment
and the overloading of application scale.

does not exist;

Relative deadline (#833&;1EHE) , the event interval between the
release time and the deadline, and the task should be
completed within that time period;

— Response time (MERZATE]) , the time interval between the
completion and completion of the task, equal to the
completion time release time";

Tardiness (REiRATE]) ,If the completion time does not exceed
the deadline, the time value is 0, otherwise it is equal to the
completion time minus the deadline;

P — Il 4= _Lateness (i ) » which is equal to
o = L Ta iR wERUMINFSIHRASNED T EE BT !E]-a m oy minus thesd adline e can
65 66
PSS ES L PSS ES L

+ Task Scheduling Characteristics

— Feasible schedule (BJ{THVEE) ,For each task with a
deadline requirement, it can be completed before the
deadline as long as it is activated at (or after) the release
time ;

— Schedulable (TJJAEM) , For a scheduling algorithm, a
group of tasks always have a feasible scheduling scheme; if
all the tasks in a system are schedulable, it can be said that
the system is real-time;

— Optimal Schedule (FEf{t) , As long as it exists, the
scheduling algorithm can always find this feasible
scheduling sequence;

— Miss rate (§82<Z) , The proportion of tasks that have been
executed but completed beyond the deadline;

— Loss rate (E%Z) , The proportion of discarded tasks;

— Invalid rate (5%%8) , which is equal to "miss rate + loss

A B .5

Tk e RRAMINESIER A B S

* The deadline must be met
— The deadline for a task must be met-> Hard Real-Time Task;
— If any deadline is wrong, it will cause a system error;
— Therefore, it is necessary to verify whether the deadline for each task can
be met.
* Hard Real-Time System

— All tasks with deadlines , their deadlines must be satisfied , that is to say
all real-time tasks are hard real-time tasks—> Hard Real-Time System;

— For example: flight control , nuclear power plant control

. __
.-'f\‘ =

o.M

Tk e RRAMINESIER A B S
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Soft Real-Time System

* Soft deadlines are allowed to be missed

— When a task's deadline is missed, it does not cause serious consequences =
Soft Real-Time Task;

— The longer the completion time exceeds the deadline (the longer the
lateness), the worse the credibility of the logical result is=> Statistical
Thinking;

* Soft Real-Time System

— There are some tasks that are soft real-time tasks for the system =  Soft
Real-Time System;

— For example, multimedia applications etc.

AT T e s s sousane— BB 9

2021/10/8

* Concept Differentiation: which are correct?

— Embedded operating systems are not necessarily real-time oper-ating
systems, such as pCLinux , Windows XP/E;

— Areal-time operating system is not necessarily an embedded oper-ating
system , such as Linux+RT-Linux , Windows+RTX;

— A real-time system cannot be constructed based on time-sharing
operating systems;

— A system built on a real-time operating system is not necessarily a real-
time system, unless the real-time service mechanism is used and the
schedulability of the time constraints is guaranteed;

— Generalized real-time systems are not necessarily embedded systems ,
for example, real-time systems can be built on PC;

— Embedded systems are not necessarily real-time systems, such as
mobile phones, routers / switches, medical devices, etc..

B e i — . S

69

Part IV: About Intelligence

o M

AT T e cerseesame s s e paeus

70

« The process from sensation to memory to thought is called
“wisdom” . The result of wisdom produces behavior and
language, and the process of expressing actions and language
is called "ability”, the combination of them is called
intelligence;

+ Intelligence is a process of combining the smart and the ability;

+ Information domains: Self-Adaption, Autonomy, Intelligence,
Evolution ...

P e S —— 5 S

71

of Main Area: Example Sub Area: Result

Automate

Intelligen

vincepeffs com

AT T e cerseesame s s e paeus 2

72

LB TR HhaL

ikt

Source:
wncajelts com
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What is an intelligent embedded system?

Lmosa Tesmna

Intra Ao Tracking Camara
|

Fhrir%=

» What is an intelligent embedded system?

— It is a new embedded application system with the
autonomous ability, and it is the advanced form of
embedded system development;

— Connotation: On the basis of embedded system
technology, through the deployment of intelligent
hardware and software, the computing system can
"more" complete the device running environment
awareness, judgment, decision-making and adaptive
control;

— Embedded software is the soul of intelligence!

— Different field applications have different "intelligent”
features, and the corresponding theories and
techniques are different.

,;‘# e ST i® FERUMNESIERASHER S S e 2 . m ,;‘# e ST aid FERUMNESERASHER SIS Ei 2 . m
75 76
Fhrirdz Tzt

* The realization of intelligent ability, relying on the embedded
computing system, often using closed-loop intelligent process
"perception — judgment — decision-making — actuate " = The
early stage was mainly "Applied Intelligence" technology ;

— For example: the OODA Loop (BLAEIEIR): observe (X
) | orient (VEE) . decide (FRER) Flact (73h)

Observe Orignt Decide Act

Implicit Implici
i

Guidance — uidance:
& Control & Control
Unfolding
ooy
- _
il roe o [
£ s Forwand| \ o C
;

ouside, A A LN

Similar to Edge
Computing,

we can call this
edge intelligence.

( Actuator ) ( Actuator ) ( Actuator ) ( Actuator )

Real-time
control system

Information \ O\ \\E
with T =
Emviranment John Boyd's GODA Loop U
A ot [ TN, Y A e [0 TN}
=] LESE S g ¥ A L i e Sk 2 LESE S g ¥ A L i &
77 78
Fhzirga) Fhzirga)
+ Application Intelligence
— Objective: Providing some kind of automation
and intelligence for a specific application.
— Related techniques
@ — th — . (( Actuator ) « Integrated sensing technology;
N N . .
Hpaed « High performance embedded computing technology;
Stimulus Response « Pattern extraction and recognition;
l + Real-time intelligent processing and control method;
Sensor Data Actuator » Communication and networking technology;
control processor control « Optical Electromechanical Integration ,Micro-
Electro-Mechanical System(MEMS) technology, etc.
- Biotechnology ...
= =

"Q & LT e d P eSUMNESRA LR S e -@-&i m "Q 2 LT e d P eSUMNESRA LR S e L
79 80
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« Computation intelligence
Allintelligence Intelligent Application Software (IAS) — Architecture
(soul) @ @ @ @ — Evolvable Hardware
1 1 — Polymorphic Hardware
No intelligence Embedded Real-Time Kernel el — Polymorphic Adaptive Software
. ysical . .
and Drivers world — Service Middleware
ntelligence- 1 | — Collaborative Computing...
support Embedded Hardware
hardware Basic hardware | Extended hardware
CPU,SDRAM, Sensor, Actuato
Flash, ...
Traditional Architecture of Intelligent Embedded System
o = - -
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— Function
« Information storage and transmissior
« Self compensation and calculation fu

« Self checking, self calibration and self
function

» Compound sensing functions

« Integration of intelligent sensors
— Characteristic s

« Improve accuracy j

« Improve reliability

« Improve cost performance

« Adaptive capabilities for measure
application

T
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— Multi-Sensor Data Fusion

« A large scale HPEC 6000 signal processing system with dozens of
PowerPC 8640D/8641D processors based on RapidIO technology,
can meet the data processing and data fusion of large UAVSAR,
radar, photoelectricity, infrared, hyperspectral imaging and ground
multi-target detection.

o M
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— Intelligent Sensor Network(ISN, & #5{&EzEMIL)

An Intelligent Sensor Network (ISN
Sensors and Enterprise
other dovices 0

without with
Intelligence | Intelligence

T P

PnMuEF Engines

A e —— —— [T

89

— Wireless Sensor Networks(WSN, Fo&(ERESERILR)

Circuits - Wireless
* Low power

= On-chip sensorMEMS
= Miniaturized size .)<
- Low-cost imaging

= Energy scavenging

Networking
« Self-configuration
* Scalability
* Ad-hoc

Wireless &
Sensor Computation
Networks « Processing power

Embedded software
* Collahorative
processing methods
- On-hoard processing

S 1
Priywcan usng e Morstnred patent |
T gt Ibometeaty dedfed and "‘!
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Hardwate: The Foundation of Intelligence
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+ Design with embedded microprocessor(MPU,
MCU, DSP. FPGA, SOC etc.) as the core;

Allintelligence Intelligent Application Software (IAS) | ___

{soul) @ ?D GDl @

Nointelligence Embedded Real-Time Kernel

Physical

and Drivers
world

f l
Embedded Hardware

hardware | Extended hardware
Sensor, Actuator,

Intelligence-

support hardware

-
ot : RELe kA RS
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« The new demand for computing platform
of “intelligent application”

— The application of the intelligent capabilities need
to be achieved through the embedded
computing system;

+ High performance: PowerPC, Cortex-A76...

+ Al capability: NPU (Huawei, Apple, Qualcomm)

+ Hybrid: in the Kirin 980, there are CPU, GPU, NPU
etc.

+ Adaptive organization of resources.

4
B
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The Kirin 980 Features ARM's Mali G76MP10 GPU, A New ISP
And A Dual NPU That Promises A 134% Improvement In Al
Performance
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 Big-Little Cores

- Different GHz, Different types, Different
numbers of active Cores, for different
situati

P e
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» Current Research Methods and Trends

— The mechanism of adaptive control, evolutionary
computation and intelligent decision are
deployed in the system platform, which provides
the platform resource construction and
processing for the ability of self- management
and match the current computing hotspot;

— The internal state of the platform + The state of
the physical world-> the Universal environment.
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If at different stage, different situation, only require different functions or
performance, how to weigh the balance between resource supply and the weight,
power, performance?

* Reconfigurable Logic (AIEidiB48)

— PAL (Programmable Array Logic)

« A programmable AND array and a fixed OR array, each OR gate of the
OR array acquires input from a group of AND gates;

— PAL (Programmable Logic Array)
 There is not only a programmable AND array, but also a programmable
OR array;
* The AND array is used to implement the product of the SOP (Sum of
Product) expression , and the OR array is used to sum the product terms.

101

— CPLD

It is a programmable device
with PLD as a macro unit and
having a greater number of
more complex gate circuits;
‘Within the CPLD, a number
of logical block macro cells
similar to PAL and PLA are
connected through a progra-
mmable connectivity and
provide an external interface
through a configurable 1/0
control block.

o . L

il
&

]
TR

oo

Note: Figure (a) is the chip flatness, Figure (b) is a logical array of blocks
(LAB) , Figure (c) is the macro unit internal logic
! < Figure 3.20 The Architecture of Altera MAX CPLD Series

S . Hs .
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Colorful Hardware

----that changes during run-time

Further complexity arises from the introduction of heterogeneous
processing units that feature more than one type of processing resource.
Not only the borders between CPUs, DSPs and (recently) GPUs are
blurring, but also the arrival of reconfigurable computing units
(FPGAs, reconfigurable processors) in the embedded domain has
increased the need for effective and efficient design, analysis and
verification methods. Whilst many advances have been made in the area
of compilers/synthesizers of individual processing resources (e.g., auto-
vectorization on CPUs, inference of target-specific components on
FPGAs), there is still a lack of support for heterogeneous design flows,
especially in the real-time domain.

P .
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A 4 Bit BCD-Grey Decoder Based on PAL
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— FPGA (Field Programmable Gate Array)
 Xilinx FPGA--Field Programmable Gate Array Based on RAM
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« Dynamic Partial Reconfigurable Logic(§iZ5RaiaIE
Z258)
— The on-chip capacity increases, the wiring of the chip is
more difficult, and the damage rate of FPGA increases;
— When logic is complex, it takes more time to reconstruct
all of its circuits;
— In the case of other regional work, some logical areas can
be reconstructed;

{

sLocal operations do not affect other
logical operations during runtime;

*Reduce the scale of circuit construction
and improve the efficiency of construction;
oIt can flexibly support the dynamic
changes in application requirements. /

et = AbTekd eRs i o)) vm
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* Evolvable HardWare(EHW) vs. Reconfigurable Logic

— Based on the evolutionary algorithm (genetic algorithm, genetic program-
ming and evolutionarv strategv) and the development of programmable logic

GA (Processor) —1

evalu;

Analog Filter

Chromosome

(LI~
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’." ‘"ﬁil
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Architecture Bits

download

Base Current Controller [T SR —
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— Application-Adaptive Logic Evolution

« Application requirements are switched with the scene 2
Circuit logic needs to evolve

« Function Switching, Migration
* The Fault-Tolerant of Fault Logic
« Performance Optimization

Application ‘
[ 4o [[iress 7 cora
vl i ik | il
[ Reconfigurable |__Control Unit }ﬁ«

Circuit

EVHW

#"’ Tﬂ?‘_ Sirsid _rEN o % "m
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* Polymorphic Computing vs. Reconfigurable Logic

Improve resource utilization, optimize calculating efficiency,
and improve fault-tolerant capability, etc.

- )

General Computing
s '

Programmable Computing

R figurable Computing
l Polvmorphic Computing

Static

C

- =
T Ltrard eps i ma vm
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EZ S E3 L)
Adaptive Compute Acceleration Platform

BB EIEFE

- BEMFAERITENSBREEWERB AT (Xilink, Inc. ) , 2018
SR —FEEHE FPGA TEERISEIREIEF=RACAP (Adaptive Co
mpute Acceleration Platform, BEERITEINEFES) .

+ ACAPR— N EEEMNSBRREITEFE, SRESTNASIER
HAOBKMNEHENERTRIFEN., AIETIEIREPH TaISETHH
BIBRIAES), LT CPUS GPUFRRIARR AR SEREIFELL,

e )
Sirsid _rEd d m& "m
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— PCA: Polymorphic Computing Architecture @

* U.S. DARPA: The static method lacks the diversity required for
dynamic tasks, the performance degradation or poor performance
of matching processing caused by this situation i ! :
damage our combat effectiveness. - To
single chip, it has dynamic cons

Mission: Enable reactive
ot ded inf(muaﬁr',‘ % systems that will red 1

p optimization, and verifica’ n times

o _minutes.  Develop p ressing

vl adapt fo  wission

Gene™), ISI“MONARCH™.
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— Raytheon MONARCH(Morphable Networked Micro-
Architecture, 22X RIZRIZEKE)

The world's first adaptive polymorphic computer;

Multiple microprocessors form a computer array through a high

degree of interconnection;

It can simultaneously optimize the foreground signal processing,

background control and data processing;

High computing power, high data bandwidth, low power

consumption, programmable.

Emnropio Hampurio

il = il [ m
ot £ RELe kA RS 55 £ L
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— The university of Texas has proposed a trillionth computing
reliable intelligent adaptive processing system TRIPS

 Using grid parallel processing and on-chip sensor system to achieve
multi-state system ;

Each processing core has 16 isomorphic execution nodes and
corresponding storage systems . Further more , it has an on-chip
sensing system. The hardware can reconstruct itself according to
different application software and different load, and realize data level
parallelism, instruction level parallelism and thread Level parallel,
which is called the polymorphic system;

* The task of compiling and operating systems is new and complex.

A — B .

Sirsid _rEd :
112
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— The RAW Architecture of MIT
* A RAW processor consists of 16 programmable Tiles. Each Tile has
its own microprocessor, data cache, memory, and interconnected
network interfaces that connect to each Tiles;

Raw Chip

Computation
Resources

- =
et RELe kA RS s £ ma @

Tzt

* High-Performance Polymorphic Embedded Hardware

— New Dynamic Local Reconfigurable FPGA Chip , Xilinx V5;

— UC Berkeley's GARP research program, which aims to integrate
reconfigurable computing units with common RISC processors into a
single chip to improve processing power;

— MIT's Professor Ethan et al. designed the on-chip reconfigurable
structure MATRIX, its on-chip logical interconnect structure can be
statically configured or dynamically switched;

— CMU’s Godstei et al. carried out the Reconfigurable Computing
Research Program PipeRench, the design introduces a pipeline
reconstruction technology;

Nt
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— The university of Texas released a multiform microprocessor
architecture called Trips(A reliable intelligent adaptive processing
system for trillions of calculations per second);

— Nvidia uses the Kepler architecture in the new GPGPU to support the
dynamic allocation of the kernel resources and the construction of
architecture.
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+ Many-Core Processor and
Parallel Computation Technique
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* Functional Attributes
— The Realization of Intelligent Ability
* Non-Functional Attributes
- Real-Time Performance Assurance
— Enhancement of Reliability, Safety and
Robustness
- -
Y = BT ek R MINGSIR A B S e ] m Y = BT ek R MINGSIR A B S e ] m
117 118
NIl Ee2iAL@
. . .. . . — Automatic Reasoning and Search Method
- Field-Oriented and Application-Oriented Intelligent P : 9 )
+ Problem solving depends on the knowledge representation
Approach method;
— Artificial Intelligence Method « Based on deductive reasoning of predicate logic,
+ Knowledge representation, automatic reasoning and search inheritance performance reasoning under structured
method, machine learning and knowledge acquisition, representation (non - deductive reasoning);
knowledge processing systems , natural language « The search strategy determines the priority relationship in
understanding, computer vision, intelligent robots, which knowledge is used in a reasoning step when solving
automatic programming and so on. a problem;
- Knowledge Representation — Blind search without information guidance
+ The basic problems of artificial intelligence, reasoning and ~ Heuristic search based on empirical knowledge guidance
search are closely related to the presentation method;
» Common method :logic representation method ,
production representation method , semantic network
representation method , frame representation method ,
etc.
= -
o = LT e kA e R FUMNESHRA NGB SUlLEnT L) Q o = LT e kA e R FUMNESHRA NGB SUlLEnT m‘“"_a m
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— Knowledge Processing System

« It consists of knowledge base and inference engine;

« If the knowledge base is stored in a domain of expert

knowledge (such as medical diagnosis), then called the
knowledge system for the expert system.
To meet the need to solve complex problems, a single expert
system develops toward a multi-agent distributed artificial
intelligence system, then knowledge sharing, collaboration
among between the agent, the emergence and treatment of
contradictions will be the key issue.

MRTEG

Tzl
Intelligent Expert System for Nuclear Power Plant--Knowledge Base System
of Generator Fault
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The knowledge base of -
the generator system |-
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— Machine Learning Another important sub@c f
artificial intelligence; =R

« Machines produce self-learning , just as : If you put the
child in the car, let him observe the outside world from
the window, he will see a variety of vehicles, and no one
tell him what these objects are. He is through their own
observation to summarize the similar things.
Alan Turing(¥X1¢-BR), the father of computer science,
defined the artificial intelligence in 1950 as follows :
Suppose you are chatting with some entity via a text chat
session. Could you tell, solely from the conduct of the
session, whether the other entity was a human or a
machine ? If not, then that entity is judged to be
=, intelligent. The fresh idea of machine learning is to let

~ the machine think like the human brain.

=

Two-step prediction of the
failure development

The fault diagnosis results are located
in the engineering drawing.

P — o5 .
125 126

- It refers to the process of acquiring new knowledge
under certain knowledge representation, which includes
inductive learning, analytical learning, connection
mechanism learning and genetic learning according to
different learning mechanisms;

- Deep-learning is a new field in machine learning
research. Its motivation lies in the establishment and
simulation of the human brain to analyze and study the
neural network, and then imitate the human brain
mechanism to explain the data, such as images, sounds
and text.

127 128
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. . + Beginning in the 1990s, it is mainly for dealing with
— Natural Language Understanding/ Human-machine large-scale  real text, large-scale real corpus
Conversation development.  And  large-scale, information-rich
» Research can achieve the various theories and methods of dictionary preparation work began to enhance;
effective communication between people and computers in « Microsoft Skype Translator ——Simultaneous
natural language. interpretation
« Since the 1960s, mainly about speech recognition , and by the
middle of 70s,there was a breakthrough;
5/4%
= u (i (o] (om) [e==]
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(On June 10, 2014, the computer of the University of Reading passed the "Turing test"
for the first time by “posing” as a 13 years old boy. )

Chatbot "Eugene Gustman™

BEREC LY KR
Wi, fal B
BCR dax.
oo, (il e s
Eearil G T,

I
Ko REER R
BECRERMET.

Q:Do you play chess?
A:Yes. 1 [
Q:Do you play chess?

A:Yes , haven't | told you that?

Q:Please answer again. Do you play chess?
A:You are too boring! Why do you always =
ask the same question?

DTS IF _FET

— Computer Vision

« Using machine vision, such as using cameras ,
computers etc. instead of human eyes to identify,
track and measure objects , based on further image
processing, using computer processing to make it
become an image which is more suitable for
human eye observation or make it an image
transmitted to an instrument.

R S ¥ AT
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* Researching relevant theories and techniques, (1_.—_3;;“ /ﬂﬁf"\ / n&na
and attempting to establish artificial intelligence \ /
systems that can obtain ‘information" for - — /
decision - making from images or /mgga \“<' i =~
multidimensional data; 9 ,) w (SRR o B
+ It is closely related to image processing, machine —_— [ ] -ty
vision, pattern recognition, image analysis and i | 2
other techniques , and can be used for {I&/&7%& // \|
# iR , object recognition, and special / \
content discovery. LEd |1..@_4”,-f \ BB
i = _‘_The relationship between computer vision and other fields
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Pattern Recognition and Vision
(B=URBI S
—HM. 2E (F£2014%)
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* Affective Computting(lEi+E)

Computers that
feel

D — . : s .M
137
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- Artificial Intelligence Control
— Neural Computation

« Artificial neural network , Knowledge Representation
and Reasoning Based on Neural Network

— Fuzzy Computation
« Fuzzy Sets, Fuzzy Logic and Its Algorithm
« Fuzzy Logic Inference
+ Fuzzy Judgment Method

— Genetic Algorithm

— Artificial Life

— Particle Swarm Optimization

— Ant Colony Algorithm

— - ' s M
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Input fuzzy linguistic Fuzzy Output fuzzy linguistic
variabl Inference variables
Rules ]
e o A
| Fumay o
Fuzzification Defuzzification
—— Sunirollar
Process <+
Input crisp i Output crisp
variables Control L« variables
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CENTROID DEFUZDIFICATION
USING MAX-MIN INFERENCING

LA siF_rES

CUTPAIR VAEABLE: TIROTTLE S0 TG

AR ARD 025 RS

La | MIN n AN

24



2021/10/8

Fhrird= Fhrird=

Design of Fuzzy Controller for First-Order Inverted Pendulum
(A ESHREESENRIT) k. EAN (BE20148)

W Ve e [e——
Fe Edt Vew lIoert Tech Deskiop Widow Help -

Crep bput
“Daa 1} Ui Base
IF_AND _THEN __
Crep bput IF —AND . THEN g‘,z‘
D2} — Data
IF _AND .. THEN ... s
Crep bput
WD“:“ M -
IF _AND ._THEN ..
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— The Evolution of Fuzzy Control * Artificial Neural Network(ANN,{##££R4g )

Fuzzy-PID Compound Control — A mathematical model or a computational model

that mimics the structure and function of a
biological neural network, a nonlinear statistical
data modeling tool, commonly used to model the
complex relationships between input and output;

Adaptive Fuzzy Control

Parameters Self-Tuning Fuzzy Control

Expert Fuzzy Controller(EZAEHHEHIEFC)
Human Simulating Intelligent Fuzzy Control

Neuro-Fuzzy Control(FREZ1ERAIEH])
Multivariable Fuzzy Control

- - B .S i —_— T W)
LESE S g ¥ A St BA LSl 8 40 i ok g = LESE S g ¥ A St BA LSl 8 40 i ok g =
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— The ANN is formed by the massive nodes (or neuron) a
and the connection constitution , each node
represents a specific output function (activation
function) , and the connection between each of the
two nodes represents a weighting value for the signal
passing through the connection, called the weight,
which corresponds to the memory of the artificial
neural network. '

«a1~an:the input vectors of various components;

~w1~wn:the weight of each synapse of neurons;

*B:bias;

«F:transfer functions , usually a nonlinear function, generally there are traingd (), tansig (),
hardlim ();

« t:the output of neurons

A o B |2 - B .5
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Linear Neural Network Learning Algorithm and Its Application in
Knowledge Classification

(AR ERE 2SI EA R AR SR A)
--ARH R, #E (FE201440)
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+ Evolutionary Computation

— It covers successive optimization, combinatorial
optimization and so on. It is a global optimization
method;

— It is a general term of genetic algorithm,
evolutionary strategies and evolutionary
programming;

— Mainly used in engineering control, machine
learning, function optimization and other fields;

[ FFhi.
1
(=T
I
[tmtaa. -
i}

SRR HMRARE
ABREETR RS

“RERAEEHNRARE
_REBBERHRAA.

[ =8
= = —g
"ﬁ - STk SR NINESIR S S St s i E’-a m .“;‘yﬁ A2 At a iR RS IMNESERAEHER ST !E!a m
155 156
Fhritda Fhritda

Genetic Algorithm for Solving TSP Problem
(EEEERAETSPITRR)
%R P A (AE201448)

« Markov Chain and Its Model

— When given the current state, it is conditionally independent of the past
state (i.e the historical path of the process), then the stochastic process has

o = Markov property.
2HE 00 WAY TRD A0 WOW e =
TTILIL SeL- a0 — The Markov process with a discrete state is usually called the Markov
wmngE Chain.
“ : . '”".' o — Markov chain describes a state sequence whose every state value depends on the
L 74 previous finite state. The statistical model is used to describe a Markov process
N . B, - with implied unknown parameters;
LN — In the case of a given current knowledge or information , the historical state of
E] 00 — 00 the past is irrelevant to predict the future (i.e. the future state after the present
; ahan period);
— It is often used to model queuing theory and statistical modeling, and can also be
e used as signal models for entropy coding techniques, such as algorithmic
. coding.
pr—
M e P(Xye1 =xI1Xy =x1, X2 = x2,0.., Xy = %) = P(Xppe1 = XXy = x).
"a‘. - ST i® FERUMNESIERASHER S S e "a‘. e ST i® FERUMNESIERASHER S S e Qﬁ m
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Today
sun  cloud rain
sun | 0.50 0375 0.125
Yesterday cloud|0.25 0.125 0.625
rain | 0.25 0375 0.375
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AR, &2 (BE+20144)

Single %7 %

model (pattern)

s(n) the digit string that have
- peen recognized

LPC spec_trum o LB pat_tern Postprocessing >

analysis matching
G4y azz 933 Oaa Oss =1
Single Phoneme ™% o2 azs O2a oas e,
Markoff model . 2 S < NS

H H T 1 T
H H H H H
! H : H i

the recognition correct rate
of words: 100%
identification precision:
98.53%

deletion error: 0
substitution error : 0

insertion errori ]
LT e e IMINES g s g m

ANN(A TAZR4%) Unsupervised or supervised
(trained) learning ,black-box
data processing structure;

AFS(FEAI#122 2 45)  Integration of Fuzzy inference
rules with neural networks;

MAS(% % fiEf& 22 45) Abstract for multi-agent network,
different aspects of cooperation
methods are studied according
to the application ;

PCA(Z L ATHH) Flexible dynamic architecture
and resource management
mechanism, dynamic matching
of resources and computing

" hotspots;

Signal calibration , pattern
recognition , classification;

Intelligent control, embedded
expert system

Multi-agent system collaboration ,
Such as multi - robot, unmanned
vehicles, intelligent production line;

Construction of a high-performance
adaptive embedded computing
system for new complex intelligent
systems;

162

PSS ES L
[ Method | Chanacteristis___| _Typical Applications
GA(iftfE1H5T) Optimization method especially for ~ Real-time scheduling , program
large and unstructured search space; timing analysis;
MC(HE AL BEAIE) Automatic attribute verification Analysis and verification of
method for complex systems; system function and non
function attribute;
A et [ TN 7Y
2 : LT e i P RRIMINECIERA LGB SIS ENT L

163

Method Charactenistics
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Wilfried Elmenreich--INTELLIGENT METHODS FOR EMBEDDED SYSTEMS

Sample embedded :lpp]lcullon.li

Artificial Neural Net-
works (trained) learning,
data processing structure

Genetic Algorithms

search space
Maodel Checking

tems
Multi-Agent Systems

network

Neural Fuzzy Systems of Fuzzy i

unsupervised or  supervised
black-box

optimization method especially
for large and unstructured

automated method for verify-
ing finite stale concurrent sys-

distnibuted  system  of  self-
acting programs acting in a  ing[14]

signal calibration [5]. pattern
recognition | 26].
tion [T]

classifica-
real-time scheduling [27), pro-
gram timing analysis [§]

verifying properties of distrib-
uted systems | 25]

Hexible avtomated manufactur-

rules with neural networks

control [28], embed.
ded expert systems [29]

A e
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Table 1: Overview on presented methods
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You remember this slide? remember OODA loop? PCA?...

It st different stage, different sftsation, only require different funclions of
perfarmance, how 1o weigh the balance between rescurce supply and the weight,
power, performance?

Hibraid e g 5 % »m

Generic application
intelligence

Adaptive resource
scheduling

Intelligent/Adapti
ve Platform

What should be such intelligent servicds? Z 1 4.5

Adaptive resource scheduling/management, event management, data-
distribution, communication, fault-tolerant, load-balancing, ...

how?\

Higent Ayplication va' S) L
TyNGT; T;) (Te
N

Intelligent Service Software
(ISs)

Tand Drivers |

Physical

world

Basic hardware | Extended hardware
New Intelligence- CPU,SDRAM, Sensor, Actua
support

hardware

i |

Embedded Hardware

New Architecture of Intelligent Embedded System

i il =
"“ = "“ = Sbresa eps ] ~ﬁb
165 166
=z br w4 b b j,’t}{*!‘@
An Evaluation of User Satisfaction Driven Scheduling in a
Polymorphic Embedded System « Structure of A New Dynamic Computing
System
A polymorphic system consists of heterogeneous cores such as CPU, GPU, FPGA, — DARPA s OCP/SEC , DARPA’s polymorphic computing architecture
and ASIC cores. A polymorphic thread is compiled for multiple morphisms afforded (PCA) , Sweden’s WI'TAS the university of Queensland’s Civilian
by these diverse cores. The resulting polymorphic computing system can solve two intellige,nt control architecm;e and the MOLEN research program at
problems - (1) Polymorphic thread} enablg more comp}ex, dynan}lc trade—t}ffs DBelfplinisasity of Technology in the Netherlands.
between delay and power consumption. A piecewise cobbling of multiple morphism Application Components
energy-delay profiles of individual thread morphisms offers a richer energy-delay
profile for the entire application. (2) The OS scheduler not only picks a thread to B3R l:eusable .
run, it also chooses the thread's morphism. = /:ﬁtauong _ station
In this work, we propose a scheduler to optimize a class of User Satisfaction Index & 4“;1 ,Zé\’%;@
(USI) functions. We develop a model for a mobile polymorphic embedded system — 5 ]
computing platform. We integrate a polymorphic scheduler in this model to assess the
application design space offered by polymorphic computing... We further discuss the Services
feasibility of USI-based polymorphic scheduler by identifying its strengths and 0s
weaknesses in relation to the application design space based on the simulation results. BSP
- Hardware(CPU, Memory, [/O) Civilian FEEFEHIAH
’4‘ SETel® FRS L) ~ﬁ3
167 168
sﬁ _ y FitIi5 4% Fhit)44
y 2 T 4
DARPA & AFRL — W /
|
+ OCP: Open Control Platform e ":/"’”‘ s
1] T
— Software Enabled Control Project(SEC) for Intelligent UAV PID l
— OCP provides an open, middleware-based software framework LDl '
and a development platform. And provides the runtime methods, !
. . ey, . ontroller H el i
software, and simulation capabilities of multiprocessors and [\ [ Sensor Suite
aircraft. input output port 1 Aninude
— Based on the real-time CORBA middleware, it makes the signal | T
application have nothing to do with the hardware, provides the Iptpert. ¥ ____rl
control of the executing component, the communication between s
S . egen
components, and the distribution and deployment of application 1 gpoﬂ —— dynamic connection
components in the form of services; = igael, == Simfcconnecton
— The ultimate goal is to create a common environment that can be Figure 3. An Example OCP Component
yo used for large-scale control system problems. g o Configuration with Ports and Signals
i it LTk d moH m *m ey = LTk d moH E m *m
169 170
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Configuratien | - 1Hz Sensor Existing Sensor
Configurarien 2 = 20Hz Samplieg Drivers
0P
H
Rell Rate § Recoufiguration Commands
Sensor Dars + Data Requests for Koll Kare
h 4

Ground Station

Ocp

wui#.ﬂ,z
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Vehicle X
‘Vehicle Mode
Manager Vehicle ¥ Ground Station
Components
Interconnections
Information
Driving Possible Mode Indicator
Mode Change
( ) Event Channel )
Information Information Information . Information
Mod Mods Vehicle X
Indicator | Driving Possible % ° || Driving Possible Driving Possible || oo Driving Vehicle X
Mode Change Mode Change Mode Change Indi Mode Change
ndicator
Controller cee Controller Controller Controller
Component Component Component Component
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mibrers - mpan . : T,

Avionics

Controls

mirers - mpan . : T,

Distributed Processing and Inter-Component Communications

A et e ———— — [T, Y

oldStroke

Phase II
B A0 m) ® secoce
CORBA mml rm
'\m'..;m 1% Generation mfﬁf:." e
e Mid-level OCP Lo

Figure 5. Progression of OCP Development

o M
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+ Intelligent platform Software Technology

— The project SEC, PCA of DARPA , etc. , Service Middle-
ware;

— Polymorphic software model and design, polymorphism
decision, environment adaptive task scheduling, resource
adaptive management and construction, polymorphism
cosntruction;

Tairligrnt Applisaien Safnear (ARY
Tk Sa1 o AFFE

Run-time Support Methods Simulation
Ml servi Support method imulati
luding control | i 1 with the i with the
APIs to execute | OCP run-time useful OCP run-time
SEC 5W across for SEC technology environment to
Itip] ial|  design expressi allow for i
0Ss and according simulation
10 & common (Desk-top and
component model beyond)

FiEigurd 2FMissidiidntelli Recoflowsaration

AT
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| High-Level Controllers I‘i
J
Mid-Level Controllers
Fault Detection
& Identification 7 Sensor Suite
Fault_Notifications] ~ 10d¢
Fault Tolerant Transition
Controller | Controller
Reconfiguration
& 5
| _acwarer 4
Low-Level Controllers rerm—
ek . B .
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RACE
Components 1o System
I Resource Mapping Resources.

System Resource
SRS

Figure 3. RACE: Online System Adaptation

D — " T
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« Multi - Agent System Collaborative
Technology

— MAS theory, self-organizing network technology,
task decomposing and distribution, collaborative
control,  behavior  coordination, reliability
management and dynamic reconfiguration of

g |

TTOD 0900 @ eee ® B®

(0] CHP TN R

= i @, S| ecee eee @e ‘es0e e co
1 et LT H L TH i
) LAY R
B2 SESHERTIE Bl RN REORATSL ;
s o [0 TIN5
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- Adaptive Resource
Management/Scheduling

Probabilistic

Domain Mlsslnn Goals
Knowledge

Tisk reamng
Network
e Planning 27 2/Scheduling ) ;’).f\ppli:ations

System

Kr 'l H{Task Map }- SA-POP

Figure 1. SA-POP Architecture

- - [T )
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to the MMS Mission System
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Tools: Support for Design
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ltz4+%=

Auntime/05
Framework

Verification J [ Madeling 1 prm:le!hn]

= e —_— =
Communica- Computation e
tion Plattorm Platform DI;a.l by

Design Design o

P

s .M

Fhrir42

» Synchronous programming languages

* STATEMATE, Rhapsody (ilogix)

* Rose RT (Rational)

* SCADE, Esterel Studio (Esterel Technologies)
« Stateflow and Simulink (Mathworks)

* Timed Automata

» UPPAAL Verification Tool

» POLIS (Berkeley), Cierto VCC (Cadence)

* SpecCharts (Irvine)

o e

Sirsid _rEd d % "m
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Fhrirda Fhrirda
— System Design and Verification Method =
* Model system design theory, methods and tools; For sasmpte | | | High- Lewl a
* Real-time UML extension —MARTE profile ,the UML Gaspard e T 9.
profile of Inria and university of Burgundy , which is modeling for g
reconfigurable system, Real-time UML profile of TUT university in 8
Finland; 2
* The Lockheed Martin Company studies the methods of verification E
and validation of PCA and verifies it on avionics. The authentication i
environment READAPT has been developed at present.
[laria 00171137, vacesaa 2 | =
Gaspard2 UML profile documentation &z'ma_—:
il = = -
"‘ Tt LIk _mes 5 % vm "‘ Tt LIk _mes B % ‘m
187 188
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= h 1.14;,0

BUT HOW?

189 190

191 192

« Hardware in the loop--second computer » Hardware in the loop
— Another form of the previous — "models + environment simulator” + core

Deskiop Computer Desktop Computer

193 194
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How to TEST & TRAIN intelligent vehicles?

The fact:

in the last 9 years,
Waymo has been tes

Fhrir42
How to TEST & TRAIN intelligent vehicles?

 Virtual environment
and Big data based test
and training is one vital
way to verify and train
intelligent vehicles!

+ Typical tools

— DRIVE PX
Dominik Dorr
— Roberto De Vecchi
— Pro-SiVIC

Fhtri+%2
How to TEST & TRAIN intelligent vehicles?

+ Virtual
environment and
Big data based test
and training is one
vital way to verify
and train intelligent
vehicles!

Mzt gz

Typical example: UAV + Simulated environmeﬁf

A e
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Fhriida

Fhriida

Self-Developed Embedded Software and Systems

B i o
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Customizable interface emulation environment
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