» :

22 5= .
—La ——\‘A -
=0 | 7T

o Ar=9%$179

i

— HA34%: NfFE=%$24, FFH#=9%$35
— f#[EH17%: GPS+ 1% +WiFi=$30

— FH13%: AR+ F A =9$23
— K[EH6%: BT +%E+3G6=%12

— oAt AR BV AT+ TR =548

— F[H3.6%:

L

An age of darkneas,
having spanned canturies...

H24:=$6.5

...ended with a searing light,
which shook the sarth...

————— _ _

1018

..iind the great device
was rendered unto thee.
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Embedded Systems around us

Trafflc

Fa: Machine Management

Television ;x!
1! Aircraft Flight Control

Audio System =gt

= 8
o

Microwave Owven Uitra Sound Machine




High-speed, high precision
* Speed: 1inch/ms
* Precision: 0.01 inch
-> Time accuracy: 10us

Open standards (Ethernet)

* Synchronous, Time-Triggered
» |EEE 1588 time-sync protocol

B . Application aspects
* Jocal (control)

« distributed (coordination)

Bosch-Rexroth “

« global (modes)



MATCEBE RS : 9k BTENN, (LE
~ CNNE X5/, £ E5/P@ETH Zur

Init interrupt {GPIO) ULP camera

Load binary (HyperBus)

Configure camera (12C)

Grab frames (LDMA)
Load weights (HyperBus)
PULP computation

Write-back results (SPI)

oDO0DOODDO0

Memory

PULP SoC
([ E N N N N XN NN

Host/Drone
PULP-Shield

T I I TYY

L3 Hyper Flash/RAM

RNRRARERA RN RARAAARRLL

SEsesasEny
BEEABARENS

The navigation system is based on DroNet, a shall onvolutional neural network |
standard-size guadrotors developad by &2 v from University of Ziirch.



+.... Arobot control example

Consider a mobile robot equipped with:
» two actuated wheels;

» two proximity (US) sensors;
» a mobile (pan/tilt) camera;

» a wireless tranceiver.

A2 is Design requirements

Goal

» Follow a path based on visual feedback;
» Avoid obstacles;

» Send complete robot status every 20 ms.

» Modularity: a subsystem must be developed without

knowing the details of other subsystems (team work).

» Configurability: software must be adapted to different

situations (through the use of suitable parameters)
without changing the source code.

» Portability: minimize code changes when porting the

system to different hardware platforms.

» Predictability: allow the estimation of maximum delays.

» Efficiency: optimize the use of available resources

(computation time, memory, energy).

2 is Hierarchical control

visual-based
navigation

—

(o |

Y
obj s \ obstacle
object =  avoidance
recognition

visu_al o vehicle
tracking control
'} o i
/20 ms / 5 ms )
feature
; = t t
extraction [22=] | $2$?J| :2:%?;. control
T ﬁ 1 ms[{ ) é * r -

camera an tilt Uslt  USs2 mot_dx  mot_sx

A pis Software View

_ O periodic task I:l buffer

A

.4

visual-based obstacle

navigation avoidance
object "g } i j
recognition -
il visual

tracking

1

feature

i

extraction ?

camera pan tilt Us1  us2 mot_dx  mot_sx




A2: Turning Machine &) .

Y]

0[1/R/4] [0[1|L|3 s
z %

11lLl1] “[11R[s ny
1t

01]“4 ﬂ RZ g_;%%
1Ll “[f1lL]4 ﬁ%Tﬁ
0[1]R|3 01 1R]4
11]L[3 11111

ALAN TURING

Sy, 19121954

THIS 15 TE M@ME
of Man Twu-n.g, \ ;

IS {013
PIATHEMATICAL W e

%w_mw& F
Adlmgude ‘ : ‘
1%@wﬁfﬁj

BiE RS

— Timing: &5 ?

Eﬂ]

c HEE A

— I A R ok

e Time: metrics



The Real-Time Problem: #t =B} [a]3E X !

o Programming languages have no time in
their core semantics

o Temporal properties are viewed as
“non-functional”

o Precise timing is poorly supported by
hardware architectures

o Operating systems provide timed
behavior on a best-effort basis (e.g.
using priorities).

o Priorities are widely misused in practice
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Embedded Computing

Real-Time Computing
Embedded Real-Time Systems

2518 lIxx@ustc.edu.cn

75 = xlanchen@ustc.edu.cn
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Presentation Outline
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—Mainframe (one computer, many

’ people)
—PC (one person, one computer)

—— Uhigquitous Computing {one
PEf son, IMany compuiers)

f i i 2]
'|“ § B
'!- I | ‘
E Mainframe Comp. Personal Comp. Ubiquitous Comp.
* Humans share a + Personal + Ubiquitous
rare resource » Direct usage + Implicit usage
« Usage explicit, use » User Everybody, - User: Everybody
# well prepared supported by experts

» User: Experts

lIxx@ustc.edu.cn 11/87
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Industrial controls
Consumer electronics
Communications/netwk
Automotive

Medical

Electronic instr
Aero/Miltary (Net)
internet of Things®
Compulers/perphs
Video & imaging
Security

Fower generation/ulils
Transportation

Govt & municipal
M2M

Audio

K

B 2014 (N=1529)

® 2013 (N=2080)

-[-EE (N=1670)

— = m m s —



What is an Embedded System@-
* Embed

— Longman Dictionary: to fix (something)
firmly and deeply

— Webser Dictionary: to enclose closely in a
surrounding mass

¢ System
— implicitly a controlling system. C"

P
0,

lIxx@ustc.edu.cn 13/87




IRA T HEAHL AR G E X

» PIN A AG BLTHSEHLECAR O Rty B A

A BT, ENMNH RS DIEE FIEETE. BRAS .
ITHHEILARS.

PR DR R TR (1)
— w5 M
— WIHA R

— “fERER20EF, BAMAXRGI2 2 IH T H
Tieh s DA ME T W AT WHJE Sy, (HE
TEN— /I\E—'?&ZIKE?XHE%JHWEH ans, tr/\)\itﬁﬁfﬁ
PR T LR A, e LA RE LA Ry SR AR BRI EE

FER AT 2R &ifi&ﬂ” .

« Wayne Wolf: {(Computers as Components)

lIxx@ustc.edu.cn 14/87
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L= RGBT PN RE R
/
OS2 SEHERE 248 (RTOS)
e % IR T . HAL. BSP BF
& SOC/SOPC REAT
=
i =
FE GPIO Qb TE 22/ ARMAZ Timer/RTC
I1S MMU/Cache CAN éﬁf
rrPROM| USB LI A
SORAM],.. 1 LCD DSP/FF i3s3 ik i DMA &
SRAM {1+ 2
ADC/DAC FPGA/CPLD UARTHIIrDA [
‘ 1T
%}Q%EJ OB T 3 TILCD/RBRR . B by
BRI B R GG 2 R 567

lIxx@ustc.edu.cn



Characteristics

* Application and Domain Specific
* Reactive and Real-time
 Distributed

* Heterogeneous

* Operate in harsh environments

* Must meet high-integrity quality attribute
requirements

« Small Size and Weight
 Power concerns

lIxx@ustc.edu.cn 16/87
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HHR HLSingle Board computer
— 280

« FiFHLSingle Chip computer

— 8051: CPU+)#J:ﬁﬁ%‘H/O%iﬁ%lJ(lNT/DMA)+GPIO

SOC/SOPC
— System-on-a-Programmable-Chip
— Xilinx Zynq & %)
« GPP+DSP+FPGA+H L Ffi+I/0
— R
— W 9mAiE. Al AIYAE. AT

Pmod




itk \ A ) 2R G s

o ELHAR HL R N R A £ il il
— 1962, FLE NG LU T EREEF R A
Tﬁé&%mﬁﬁﬂ (DDC)

o SelE AL AR P2

— “devices used to control, monitor, or assist the
operation of equlpment machmery or plants”

18/87
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Typical ES Functional Requiremen }.

« Control laws
— e.g. PID control, fuzzy control

* Sequencing control

— e.g. FSMs, mode changes, switching between
control laws

« Signal processing

— e.g. voice, video

Fault response

— e.g. detection, reconfiguration

Application-specific user interface device
— e.g. buttons, bells, lights

lIxx@ustc.edu.cn 20/87



IR AN IR GL 702

o GNP A

<.
<2

R

— HIH T BRI, B3 %R

» best-effort service

— mAbFE 22 4t Streaming app: B{E 7 i

» Signal processing system: audio, video

« S 5

— ¥ &4 Instrumentation & Control systems

o« Lok gz
- REIRRS
— % $EH RENCS

C REHT AR

— 4R % . Safety Critical, MCS

© HERGUFIE
— MRS

— M2 EH RGINCS: DRT

- Zg%%/\éﬁ

-
i@{%"/ == MOST-Bus
-, -

’ /? p = CAN-Bus
- 3 -

" ' a

s /
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 RRIREAGE: IR RS

o HATIE— U e A FIAR R A i . 20 1 e S TR 220 R0 5E X
— it EEAE I PR E AR ][] o BT R B PR 558 0 S0l 0 H e Ik
WL IR

“n

— “@amN—itHE—fmH” . State Transitions Environment
o FREEAWTBII N SN, B TIRS R /
o W IR PME RS AL S5 S r 3

OFIREN ARG (PRSI B

] L ]

il

— HE-IRES-BE Imnouts Outouts

Device YO i ""'1
3 1
H 1
: Output
....i.,........ Ri| F Manager 1
Device 110 :
e i Jak2 e

true /

true / pedestrian

crossing

Output
s ."""
: i
E ------ h"— -- ] J
” Periodic
- timer{s)
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« State Transitions: Intrinsically state-based
— FFEE AW N AN ERFAT, BEATIRES R
Real-Time: Task request with deadlines

— Failure to meet deadlines might create safety issues or
simply unhappy customers

« Elevator on a sky-scrapper at 7:45am or 4:55pm
« Missile flying at low altitude over a mountainous area
Exceptions: Must handle unusual events

— Interrupt handling is crucial
« A user blocking an elevator door
« power blackout
« memory failure
Concurrency
— Task-level
— Statement-level

L Qutput
Manager 1

Output




R ZEINCS

—.u'—.l'l-
Reference

ingat: A1)’ T

EDF

Round Robin

Output
Events

Input Events

Comm. Controller

< Plant

A l

Sensor Actuator
A4 T
Computer

:

Sensor

Actuator

}

!

Computer

‘

'

Monitor

;

Communication Bus
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Junctionality

implementation

stressing on

Real-Time

Reactive =

Embedded

e
\_‘

\ Real-Time
Syslems

Himing constraints
SIressing on

hardware constraints
] 25/87




What's "Real” in Real-Time Emb Sys

 The (real) environment determines the constraints on:
— sampling rates
— computation time
— jitter (random variations in timing)

the "environment" (everything

the embedded, - = ~ outside the embedded system)
system _ -~ - s ; user
- N
2 interface
/
! ;
[ physical
\ dynamic !
; Y system direct
L mechamical

inpuis



IRA LR G 2R:

o SCHY= NI +iZ S
— SR R S
- %_’E‘Hil‘ﬁl/f(]\ft/ \éﬁ
S R GRS R (TR
PIZ A R, WER T 45 SR e A R [E] 7
— Donald Gillies, 1991, | =5l H
o HSEET 24 (TNEHZET. RS
— 4R ESafety Critical
o BSERNT RS (HBEEED
Figure 1: The real-time spectrum

Non- S Soft N  Hard

real time real time real time

()

Compuler User Imternet Cruise Tele- Flight Electranic
simulation  interface video cantral communicatians  control engi né (/87
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Guarantee the timing behavior of ta

Hard Tasks FiIrm Tasks Soft Tasks |
Mizsed _G'a't'astmphir: Result is useless, Result has still
Deadline consequences but causes no damage — some utility

By .9

Early Immediate Late
miss detection miss defection miss detection
(static) {dynamic) {dynamic}

Time

Start time Deadline



Responsiveness of RTS

Manufact.
Control

Data
Storage

tubservation tresponse treaction
|A
y— « X
Time -
processing
system
1 T sensor actuator
1 hour ‘
tasks — |~
schedulerw| | wecet
F| L e messages
1 minute
1 second
10 ms.L Robotics
1ms Voice o
RADAR Scientific
Systems
Systems || Measure.
Systems
100 ns

Chemical
Control

......................................................................................

Application
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o SERMATSS BT E (laxity): B aE fIE Sa g S i 1 A5
- Stk S, W, BMGMER, SR
gk BRI, ERNECE, RO
- itk MERRRG, RVHEORER, EAA RN, KRRk

Value

tardiness

o W O B e e

FIGURE 3-3 Examples of usefulness functioas.



- fl: Hard RT Reactive Syste

Safety critical applications:
m Avionics, automotive, train industries, manufacturing control

Crankcraft-synchronous tasks,

Sideairbag in car, Reaction in <10 mSec Reaction in <45 uSec
sensors.

accelerometers, wheel speed. gyroscopes. Embedded controllers must finish
seat occupancy, brake pressure : 5o . )
their tasks within given time bounds.

 6-rsfor B600 SLEDEE Developers would like to know the
- ms for a rpm . :

— temporal accuracy of of 3 u sec required Wo‘f st-Case Execution Time (WCET)
— up to 100 concurrent software tasks to give a guarantee

engine controller
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\ ) i )
ECU =‘\_"'|
= Y ) Camshait N
0 Position - flglmlﬂn —
(S) (A) \,ﬁ f' 2 E}GH ~— HEGO 3 (S)
— Manifold \ (A) . (8) \
[ Pressure \ \ \
' (S) ]
Throttle —_ £ .
(I : . |
|'|I. / k. N i ._! =
“— Mass Air Flow P o=
(8) (A) I

e
“— Coolant Temperature
(8)

\ (8) Sensor

{A) Actuator

Cylinder Head |
Temperaiure =

Position -
(S)

ate B | 33



Powertrain Control Hardware Platfo

. - allé
e

Sensors Actuators
frequency Idle air valve
Turbine speed counting EGR valve
Vehicle speed o }\_/_[_0_1_:91:(_)_1_2} M_l_)_(_:_?_s_ _5_ _______ PWM _ | Transmission press.
\ Timer input 1 Timer output / Torque conv. clutch
Crank position subsystem i i subsystem
> o Injectors (6
Cam pulse events | ______ ( :F_ITEJ_) _______ | oo ( :F_I?[.J.) ....... - S Jark coi&s)(3)
S TR events | °P
Throttle position Analoginput | ! Digital outputs
Throttle flow rate subsystem B EEEEEEE e
Oxygen sensors (4) /-----------—-----—-J
Intake air temp. analog R REET T TR R .
Coolant temp. ! | RAM |
EGR flow rate . PowerPC core =~~~ -
Knock sensor ! ! ROM |
Tt Tt 8-bit
----------------------------------------- microcontroller
o . _ (HCO8)
! DSP '—> Serial, CAN transceivers «— >
/«: 0 T N
Combustion Throttle position Throttle
R TLECU: 4k & A souator
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~ Application requirements

U iz R (15~25 MHZz)
— UMotorola 68332, Intel i960, and Hitachi SH-2.
Fir g FIROMAIRAMER v T Fr |

— ROM~32~128 kB, RAMI kK N4Kbytes

— HIERTOSALILZ)20 kbytes

A IR B AT a0 (A0S, 5~1071 &)
- HHE&E (F8J)) EKk

— sensors Sactuators 7 &

— PR

G S 261 (1~2 Mbit/s)
10~20 Jf & SEI 4RSS

— 5 #<10ms

— & HH10~100ms

— KK H#>100ms.




~ Building blocks of RT/E

 Embedded computers + Sensors + Actuators + Network

« Software now makes up 90 percent of the value of these

devices.

— More than 80% of innovations in the automotive industry are
expected to result from embedded software over the next decade.

. Comparing Software Complexity

Application
E Software Other Hardware “Ds

/ \ / e e + Lines of code 100 M
Memory (RTOSE) 100 M
30M

10M

10 M
. SENa0rs /
‘ -+ ﬁ . [ OMVWRIDIE 2 M ‘

ASICIFPGA Processor(s) i ,-\Q
_ ’
A.:lualarﬁ
A
L g 100 K
p 50 K
Diagnostic Port
Bux l-ll-lr'_r Systems
Frue

[power, cooling,...| I
B E B v e

b Humm Comman d



SR

2. How are they
programmed?

// Perform the convolution.
for (int i=0; i<10; i++) {
x[i] = alil*bli-il;
// Notify listeners.
notify(x[il);

1. What are Real- -
Time Systems? the real-time
constraints?

3. How to verify



A two-steps design approach

Application /Functional Model )
Control Problem 5 P —— =
£ 2 T =4
: -
r!'.l'lncﬁal]ng Tools '-'E
Mathematical Model z
{Simulink) 7]

Task gen.

—

7

Software Tasks Model

\

F

-
’
L
F Py

[Tk mappifg

&
L

Program Generation | ATW Embedded Coder e - 4 ~\
Architecture Model f f
4 ¥
implementation Tools
Combined Timing + Functionality CPU1 CPu2 CPUKk
Program s
| | ]
< 2 N Ja
Fa)
s = a B a S i1 LR EEE
Compilation/Linking C Compiler "E
ﬁ i2 e 0 o EERE
Embedded S m E T T
i = o (0 &
Real-Time Code <} e i i S
o0 ol

(logical time)

(physical time)




- CS(RTOS) view of Reaction

event response to event
response interval
process made
interrupt available
pProcessing
AN real=-time
/\ \\\ dispatch latency Process
\‘~\\ ? execution
Ny So 1
e A o | / \
\bqnf]icts dispatch ——
‘\\\\ | III EF/EA\I_I—:I‘
\\ 1
> — \\\ ]
EHT % F2P vs. RTOS =25
1T 55 R B 7 e vs. SN B A Bl 8
“~JArrival /' Release Completion
¥ \ Deadline (invocation)
—d AT |

- : 0 - C < . W Time

~ Computation time Jitter Execution

Response Time

Period
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] Reqwr'emenr Specification

\pred into chips to edract

nached wilh Lrged images

WTis Xarial Canf?'pf DES'@H

T FD g

A -,
I b
@ rrﬁ N
" =
L
|
||

T HE: top-down

Specification/modeling

H/W & S/W partitioning
Scheduling & resource allocations
H/W & S/W implementation

: F—fe. Verification & debuging
_ mem, % wortware Architecture  HW Ar’c HW Pur/

ik

' Per'fEsf

'IHE

5_}'.#&

.8 Flim,  wIH r
5y =

/ )/
- | / Latency/RT
— "> Analysis
Alloc./Sched.
Aﬂdfy.-?'f'.s' SW Dep!aym#nf




A B [F] 15 11 Co-design
Model Based Design
Component Based Design
Platform Based Design

— emphasising systematic reuse

Regufirement Specification

I 1k

pred irto chips b exdract

atehed with targst images

Nete  Cont /

it

Design
e frw’@rl Architecture  HW Arch. Desfgﬂ@

RN AR ST T 7R

—h
|—a |

L —
— _

Keil: 184X 2515 Bas

Xilinx ISE/XPS: %t ffCo-design
SWEET: WCET4#7

GameTime: &4 #r (WCET)
Cheddar: A M9 0T

SimSo: 4341 Sk R G nT 1 T
UPPAAL: 3 4L36E, model checker
Ptolemy: PreE&it50I R

Application Space

-

A

— /N

Application Instance

Platform
Mapping

~ System

»_ Platform
Platform -
Design-Sp.
Export =

Platform Instance

Architectural Space

System Platform Stack
(meeting-in-the-middle)



“Y-Chart” Approach:#
ITi‘II::t::IaetliDn P;:::;“ Resources QoS

Applic. Constraints
——————

Allocation

|
Alloc. Information

nalysis

Analysis Tools

Specification of

_ Non-Functional Properties!
\ Generated Code



A Framework of Collaborative Environm

CASE Tool Model Checking Code Generation
ot it -
¥ E 4

Requirements Manag.

Analyze

equirem

L

="
( . VLTIE%E’(E

& Verify

Build Code

Common
Repository

Integration
of V&V

Information

« SWEET/Chronos, SimSo/Cheddar, Truetime, Uppaal
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y SIRIASTEN 7

« Computing “stack”
— Applications
— Programming language
— Compiler
— Runtime
— Virtual machine
— Operating system
— Hypervisor
— Architecture
— Microarchitecture

Application programs

! 5
ri%

Hardware




UCBi AIUR Gebt

E:E i Traffic Habitat Systems

trol ;
Unmanned L Monitoring | | Biology
Vehicles

S

EE221A/222 Linear and Nonlinear Systems = Larae research proiects
CE2901 Control and Information Management = %‘F\TH GSRC Cﬂ ES]S
ME233 Advanced Control 5 (e.g. : - )
C5270 Algorithms =)
= o |9| T = Advanced courses (290
it <EE 249 Embedded EySTM w series)
EE2900 Modet Irtegrated Computing 9
' Concurrent embedded soffw E
b ;
=) B ’[ | = i i Graduate courses (e.q.
J £5262 Computer Networks e P e iaaeged SVS oM
EE192/ME102 Mechatronics Design o esign: Modeling, Validation
ME239 Advanced Design and Automation A, and Synthesis)
\ EEZ228A High Speed Communication Networks Jwn
| | | | | || L o
€S152/252 Architecture o Undergraduate courses (e.g.
EE141/142/241/242 Analog and Digital Design B EE20: Structure and Interpretation
EECS145M/145L Microcomputer/electronics E e of Signals and Systems)
EE125/128 Introductory controls and robotics E
FE = P .Y @

EE20: Structure and Interpretation
of Signals and Systems
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* Prerequisites
— Computer Organization
— Computer Architecture
— Operating Systems Y 4—
— Distributed Computer System
o BT KBTI AINRSG” KT TA
- BRI SR, AN o] 5 B AR S B !
— Understanding of the broad concept of RTES

« Learn major issues in Real-time Computing
 Practical understanding for industry

— To stimulate research interest

Find Problem
ety oy < L S olutio

Known Problem
< Eind Solution

REAR ¢ Known Problem
Known Solution




(AR R W) B AL

o RGN IR B TR T v R

L e N\ ‘IE * CPUs, co-design, multiprocessors,
- W-I/+ ) % fy_Lll A ’5,\_\[‘-[’ networks

Modeling Software architectures

+ HSRTERG BT AR PG e
~ SREEAFRBABE, CBD. MBDJM:
— RYUEITHE e

o TELEIAEE: Cortex-MAMFEEE, 1/O% I
« RTOS: uc/OS
- SOPCi%
— SERAE T
o EH| RS R T
« DARTS /£
« fE55IFL HilfE
— SERPES R FPALIRES, % AbFRES
— B SR i
— ARSI R SRS, I EEE
— {RIOFEW T YERE T AIEEYE (Fault-Tolerant) 49/87

Applications

Characteristics
Specifications

Methodologies Reference designs
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Peter Marwedel, TU Dortmund# %

— Embedded System Design: Embedded Systems Foundations of -. ;

Real-Time
Systems

Cyber-Physical Systems, 2nd Edition, 2011/
o (MARXRG &I IR AXCPSRGHA) , 2013
o BN ARARRGRN BT ST, ARG S B, RN UE
e MARBE RS, RANHESIIE. ARSI SRS
[, XHE BV RGN AT T A JoDRT
Hermann Kopetz, TU Vienna#(#%

— Real-Time Systems: Design Principles for Distributed Embedded
Applications, 2nd Edition, 2011/%%, #%5/2700+

Hassan Gomaa, George Mason K2z

— Real-Time Software Design for Embedded Systems, 2016/2018% Dasgrior
« RHISysML. UMLFIMARTE M FI 515 58 #8512 4544, % FICOMET/RTE ¥ it jrines

7‘5“}%0
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- fili&: Cyber-Physical Systems

D
® /—\E X Robotics

Transportation

Physical and engineered systems Healthcare
whose operations are monitored,
coordinated, controlled and integrated

by a computing and communication Agrcuture
core.

p

* ,;I:—:—El:: //f-[E Large-scale =

Infrastructure Process

Tight coupling (coordination) between Control
computational and physical resources

Large-scale system of systems
9 y y Real-Time

Exceeds today’s systems in Embedded
adaptability, autonomy, efficiency, Systems
functionality, reliability, safety, and

usability Distributed
Convergence of computation, Systems
communication, information, and
control
Wireless

Control Sensor
systems networks
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« Today’s high-end automobile may have
100 microprocessors:
— 4-bit microcontroller checks seat belt;
— microcontrollers run dashboard devices,;
— 16/32-bit microprocessor controls engine.

~

hydraulic Al
pump
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~ STEER-BY-WIRE: FX-3 of GM

0 @®  steering feedback
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| ECU1 Ecu2|

MCU,, | MCU_
o® @)
o
MCU._, @ @ MCU,,
l @ SENsors (] actuators [

Sensors

Driver Interface

Desired Steer/Torque

Vehicle Interface
Wheel Angle/ Speed

Speed / Friction
Pitch/ Yaw/ Roll

Motor Current / Torgue

Functionalities

Power Unit Co-ordinator |

—

Motor Actuator Controller

Steer Feedback

:> Supervisiory Control

Fault Handling

—

—

Vehicle Actuation

Wheel Motor
Actuators

Driver Feedback

Steer Feedback
Warning
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Automotive Telematics

there are generally two distinct networks currently
— safety-critical components
* running of the engine
» the brake system
* the deployment of the airbags.
— telematics system: non-safety-critical -
» the windshield wipers
 the door locks
 the cell phone
 the entertainment systems.
to change the car from a self-contained network (or pair of
networks) into a node in a much larger network.
— the driver of a car will be able to get on-demand directions
the nearest restaurant, or the closest parking space.

The car will be monitored, in real time, to support safe operation
Software upgrades

Emergency vehicles could be networked to traffic lights to adjust
their timing and facilitate passage through crowded areas.
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— Top-down

— Co-design

— Model-based design (MBD)
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