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Wireless Gom

)

Low Tier |

DECT

S PACS |
-~ PHS*

High Tier |

GSM

15-95/1S-136 |

PDC

Satellite

“Inmarsat .

i Globalstar.

unication Systems

Service Area (Mobility}

WLAN
Pico-cell
IEEE 802.11
HYPERLAN
Bluetooth

o HomeRF

"

'd

=

1]

Eu n~nuT

uUs AMPS

GSM

15-136

15-95

IMT-2000

HSCSD
UMTS
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EDGE
CDMA2000
muftimedia

DATACOMMUNICATIE - Mobile Communication

19/05/2008



ir. J. Meel - DE NAYER instituut

-

Frequency Allocation (NMT-450)

NMT = Nordic Mobile Telephone system

NMT-150
NMT-450
NMT-200

forward link

" 25 kHz channel

FDD (10 mHz)

.

Mobile Station (MS)

4.5 MHz
180 channels of 25 kH}

reverse link.

453 MHz 457.5

>

reverse link

Base Station (BS)

4.5 MHz

FDMA 180 channels of 25 kHz

forward link

MHz 463MHz 467.5 MHz

Logic Channels

Calling Channel (CC}

F 3

A 4

Traffic Channels (TC)

hh b

YYYY

speech + ¢;(out-band): analog

signalling: digital {in-band)

fuli-duplex i
Base Station (BS)

Baseband Signal

& € (3855, 3985, 4015,4045 Hz)

+ BS identification
~ fransmissicn monitor

300 Hz 3400 Hz

\ \ / £ 1200 baud
\/ FFSK modem

‘0" = 1800 Mz

‘4" = 1200 Hz
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FM modulation
baseband
v, = A, sin@2nf 1)
\ \/ .t
bandpass Af,

(FM) Ve = Ag sin[2nft+

sin(2nf, 1)1

T ——
==

NMT Network Architecture: NMT-150

* large area
* large power
» low capacity

DATACOMMUNICATIE - Mobile Communication 5
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NMT Network Architecture: cellular

handoff
hand-over

BSA = Base Station Area

TA = Traffic Area

TAH = Home TA

TAV = Visited TA

MTA = MTX Area

MTX = Mobile Telephone eXchange

AMPS = Advanced Mobile Phone Service

Frequency Allocation

forward link

-

30 kHz channel

FDD (45 MHz)

[
>

reverse link ‘"’
Mabile Station (MS) Base Station (BS)
25 MHz - 832 channels of 0kHz  FDMA 25 MHz - 832 channels of 30 kHz
LU reversedink forward fink
824 MHz 849 MHz 869MHz 894 MHz
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Baseband Signal (Processing)

SAT = Supervisory Audio Tones

SAT e (5970, 6000, 5030 Hz) B mtt .
» BS identification (celi i}

I IST + transmission menitor (pilol)

S el § . ST = SignalingTone

9.3 kHz 3.4 kHz 10 kHz » off-hook / on-hook
SAT/ST

compress  emphasize limit LP filter modulator

speech

_ FM
in ¢ ° . out
Dz / i N
SRt ey aw b

dynamic i+ 12 KHz] 6 kHz=0
range T

<l Denmark
oo Finland: o
77 Netherlands =~ -
... Sweden (81)
7 Switzerland [

L e France (85) )

USA (79
Asia

Radiocom 2000

N systems 1 system
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Analog modulation

Digital modulation

FM modulator IQ-modulator

Baseband

Analeg Processing
{levels)

Digital Processing
(bits)

ij Analog Modulation: Noise

t

Tx_baseband T~

l w values /
COFM

- modulator -

e T AN ANAVIVE
h ™ A AVARVAR

channel [

o waveforms

AN T L A AN AT
L T YRR AT

demodulator |

t
l Rx_baseband ﬂwww N

Quality
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26 Digital Modulation: Noise

n waveforms

iy, o,

channel @ &

AWGN

+1
| T basebard 1 o [ 1 1 0t
n values
BPSK Ts {symbol)
Tx_RF /\\/\//\/\\//\\/\//\ -

X

e N

"/ 7

t

1&D | -

ALY FAVAVLTLN
Wy

AV

real envelope

2@ 1 IQ-modulator[

+1 1 +1 )
=9 1
Modulator
image
%@ I.AM—modulatorI 0
A @ cos{ot). cos(ot) 0By ©, Ot
cos{mgt) gos(m ) A cos{ot)

b—
4 e

| &\ 0. oo
g complex product N s
cos(oyt) cos{ot) |
Re{g jodt g Joct 3 Qt
90° e{(+jQ).e =} AN
. . i y
sin(ot) /J'\Sm(“’ct} compiex enveiope consteltation !
Q X} Q= a.el® plot
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IQ-Modulator
QPSK MSK
Q Q constant

P N

I " envelope
|

Ts_Tb
] Gn(r) ﬂ
4R
R s 1 I VAYZ
3 2 4 0 1 2 4 0o 1 2 3
FOR, (FEMR, {(FR,
QPSK
+3 i
o MSK
Normalized {1W) st BPSK
power speclral
density ot
G{f) [dB]
20
25
30 [j
-35
-40
-45
505 2 -1 o 1 2 3
Normalized frequency offset from carrier, (f-f )/R,
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noise=0 eye diagram + noise

Ht) o

constellation diagram
Q QPSK Q

Cellular Network: Co-channel interference

f, handoff  f, fy f4
7 frequency
relse

C = Carrier level
| = Inferference from a nearby celi on the same radio carrier frequency
(4 2busy hour, PC=power control, DTX=Discontinuous Transmission, FH = Freq. Hopping)
C/l: a technology (analog/digital) with a smaller ratio for the same transmission quality
can reuse the same carrier frequency more often, thus increasing the system capacity

DATACOMMUNICATIE - Mobile Communication 1
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Cellular Network: Adjacent Channel Interference

"+

\

A = Adjacent Channel Power (ACF}

f;

ACP is power generated
outside the channel bandwidth
interfering with adjacent channels.

Radio channels in a single cell
are not spaced adjacent to each other.

_,_‘_‘_‘_‘_._._._'::,_ LT N - e

Cellular Network: Sites

Omni Site
* BS in the centre, serves 1 cell
» omnidirectional {horizontai) antenna

Sectorized Site
* BS serves 3 cells
» directive antenna {120° sector)

DATACOMMUNICATIE - Mobile Communication 12
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Cell Frequency Plan: Reuse Factor N

spatial reuse of allocated spectrum

cluster z
N2z 1o
3R

N = reuse factor
D/R = reuse distance

N=7 = DIR=4.6

N = capacity reduction due to
interference from other cells

Cell Frequency Plan: Reuse Factor N

cluster

379
9 L frequency groups
{cells) in a cluster
3 sectorized sites
each serving 3 cells

DATACOMMUNICATIE - Mobile Communication | 13
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GSM
Global System for Mobile communication
Frequency Allocation
downiink
‘200 kHz channel
{45 MHz)
(95 MHz)
uplink g i
Mobile Station (MS} Base Station (BS)
. 25MHz-124channelsot200kiz ~ FDMA 25 MHz - 124 channels of 200 khz |
S uplinke downlink
890 MHz 124 915MHz  GSM  935MHz 960 MHz
1710 MHz 374 1785MHz  DCS 1805 MHz 1880 MHz
1850 MHz 299 1910 MHz ~ PCS 1930 MHz 1990 MHz
Frames and Time Slots
uplink (MS ->BS). | FDMA | downlink (BS —> MS)
200 kHz
) FDD 45 mHz channel
5 0 A
— D -
i - | 1.73ms L t
7l 2
- Frame
. 0 3 4815 ms
8 siots _1_ TDMA i
= 8xTCHIF (2] |5
= exB 3 6
i l Time Slot (TS}
5. 0 4615 /8 =577 115
L — 156,25 bits
6 "
i ] MSK symbolrate = 270,833 ksps
17 MSK bandwidth = 200 kHz a5
M .é’f? o 1x8 = 25kH é
i X =25 kHz

DATACOMMUNICATIE - Mobile Communication
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Frames and Time Slots - TCH/F
Traffic Multiframe
TF = Traffic Frame
TFO | TF1 TF 10} TF 11 |SaF 12 TF 24 |SaF 25 SaF = 1 SACCH /1 emply
........ 32500 bits
120 ms = nx20 ms
TDMA Frame
3 1250 bits
TS0 | TSt _TS? TS3|754 | 785 | T86{ TS7 120 ms / 26
=4.616ms
‘channel . . .
equalizer "
. l Time Stot (TS)
. - {normal burst}
T . DATA . | SF| TRAIN |SF| . DATA' . |TB| GUARD g,‘i:;;*;’;?,ﬁ; Fiag
3 S 1. .:.5._7 bits®:. -4 1 26 bits 1 5_7 bits- . 3 [ 8.25 hils 156.95 bits
120 ms/(26x8)
logic 456 bits - 20 ms = 577 ps
channel = (57 x 2 = 114) bits - 5 mis
= 22.8 kbps
e e . . : : Bit
TCHIF = Traffic Channel / Full Rate codec (13 kbps) |~ bit: 120 ms/26x8x156,25)
(compressed and encoded speech) . =3.692 us
=270.833 kbps

GSM Digital Baseband Processing - TCH/F
A-interface R Y P
64 kbps RPE-LPE 13 kbps FEC 22.8 kbps
— . speech channel fF——— =%
8 kHz - 8 bit coder 20 ms - 260 bit encoding 20 ms - 456 bit
compressed compressed
speech : encoded
speech
BTS:
: _ B L U, -interface
228kbps. | Timesiot | 5425 mps | TDMA frame | 50 ysps| TDMA frame |- 270,833 kbps
" | encapsuiation Lol L, L,
20ms-456bit | {overhead) (multiplex) (muitiplex) 3.692 ps/bit
comprassed | .
o x156.25M14 | | x8 X 26124

DATACOMMUNICATIE - Mobile Communication
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s4kbps | log-lineari 1o4kpps | 20msstore | qoakpps | RPE-LTP. .| 13kbps
——{: converter: - 160.samples: speech coder. |————-—
8kHz-8bit | (AfL-daw) 8kHz - 13 bit (2080 hits): | 20 ms-20800it |+ (2080 bits) .| 20ms- 260 bit
AW SRR TR 1 “compressed
*., speech
TRAU -
e SPEECH MODEL
8/3 khz sﬁbsampling' .
1] LTP filter inv LPC filter e WM
- Long Linear Ixed
Term Prediction de-e;'r;phas'.ls T
RPE Prediction Code ifter SPEECH
Regular
Fulse
Exitation
per&ms perSms per 20 ms
13 samples (39 bit) add delayed image 8th order inv FIR
max amplilude (6 bit} delay (7 pit} 8 coefficients {36 bit)
sub-sampiing phase (2 bit)  gain {2 bit)
188 bits - 20 ms 36 bits -20 ms 36 bits -20 ms
260 hits -20 ms = 13 kbps
13 kbps FEC 22.8 kbps
- channel
20 ms - 260 bit 1 encoding 20 ms - 456 bit
compressed - compressed
speegch I encoded
BTS speech
4 "0 tail bits
Class la: o L
i . essgnlial .3'pariiyi e N A
13 kbps i 180bts | opack bits { 53 bils - patedir 578 bits muitiplex 22.8 kbps
— {error detect) 7 convolution interfeave
20ms- 2605t [ pit. _Ciasslbit BT - encoder C s 20 ms - 456 bit
compressed i | IMportan L ) compressed
sfs.;ech -rearl.‘aryg.lng 132 bits v AFEG) and encoded
: : speech
Class II:
least important
78 bits

DATACOMMUNICATIE - Mobile Communication
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GSM Network Architecture

U, interface | E
é BSS
i = - —_— .
g P
i Aﬁis: i Ater f A
BTS ——» BSC il TRAU bt
& S s f
22.8 kbps 16 kbps = 13+3 kbps 64 kbps
1 channsl 1 speech channel 1 channel
456 bit speech - 20 ms 260 bit spesch - 20 ms 8 kHz - 8 bit
compressed & sncoded speech + 60 bit control - 20 ms on 2 Mbps trunk

BSS = Base Station Sub-System

» BTS = Base Transceiver Station

» BSC = Base Station Controller

« TRAU = Transcoder and Rate Adaptation Unit

NSS = Network and Switching Sub-System
+ MSC = Mobile Switching Centre

« VLR = Visitor Location Register

» HLR = Home Location Register

+ AUC = Authentication Centre

* GMSC = Gateway MSC

GSM Data over TCH/F

end-to-end datacom_muni_cati_on

9.6 kbps | 14.4 kbps
192 bits -20 ms 288 bits -20 ms NT: Non Trans;)arant

<16 KDPS (Ay,)
RLP | Ni| data [cRC]

Terminal |. .. |
Adaptation | TAF |

Function [ [ |

WF

T: Transparant network
12 kbps 14.5 kbps InferWorking
240bits 20ms | 290 bits -20 ms U Function
m
Intermediate ?
Rate ] ‘:s' i
-4

A
Ater TRAU - MSC

FEC,

22.8 kbps
456 bits 20 ms 16 kbps 64 kbps

+slef7]o]

AXTCHIF |0 | 1 |2

Bitrate T — BER T =» RLP (Radio Link Protocel ARQ) = delay = variable & BER {

DATACOMMUNICATIE - Mobile Communication

19/05/2008
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HSCSD
High Speed Circuit-Switched Data

_ end-to-end datacommunication

< 64 kbps (A) - FEC.

nx 9.6 kbps “ k x 9.6 kbps
n x 14.4 kbps k x 14.4 kbps

A NT LLINLLEE

TAF g o . S iWF

multisiot operation
Kk x TCHIF 4|5[6|7|0l
n=1..4
4x 14.4 kbps Ms | g gt t
= 57.6 kbps s Bss
iy

< 57.6 kbps

1 nxTCH/F
circuit switched -

Circuit Switched

voice (real-time)

r‘.‘"’?""'_'_"t

sifence voice (13 kbps}

@ -number data (best-effort) & -number

Operator: + cost effective (only SW)
+ quick introduction

» blocking: # users < # reserved circuits

« throughput: fixed (reserved n x 14.4 kbps)
+ defay: fixed and small

» resource usage:. inefficient for bursty data
» charging: connection time

User: + OK for reai-time services
- multisiot capable MS
— expensive for bursty data

DATACOMMUNICATIE - Mobile Communication | 18
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GPRS
General Packet Radio Service

End-to-End Packet Switched
¢ TFI TFi
>\ USF

Tt packet
t circuit blocking circuit i
mux demux |
IP-address IP-address
+ blocking: # users >< # available circuits Operator: — more expensive (SW & HW)
« throughput: variable = f{load, radio quality) - medium introduction
+ delay: variable = f(load)
« resource usage: efficient for bursty data User: + more cost effective (bursts)
{dynamic share of physical resources) + always on [ine!

» charging: network usage {transferred data) — GPRS capable MS

GPRS Capacity-on-Demand

packet

TCH/PDCHA
) TCH/PDCH2
dynamic TCH/PDCH3
resclirce TCH/PDCH4
alfocation TCH/PDCHS |: :
(BSS controfy  TCH/PDCHE clrcuit-switched
TCH/PDCHT - S .
TCH/PDCHS i Time Slots |

DATACOMMUNICATIE - Mobile Communication | 19
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GPRS Air Interface Protocol

LCC frame FH LCC frame data FCS
segmentation segment
TFI
l r
radio block MACH | RLCH RLC data BCS | Tail
convolutional coding T .
interleaving USF 456 bit
burst :.......bx,l.rs_t_ : burst burst
114 it use GSM
T : _ _ physical fayer
PDCH ] oATA. s tRam JsF|  pATA | |7al cuaro
normal burst S X AL .
(< 22.8 kbps) 3 |00 BZbHs 1| 26bis 1 57:bits=- - 3 | 8.25 bits
Code | Code | Payload | USF | BCS | Tail Data Max. .
Scheme| Rate | (from Bifs | Rate | Rate channel quality T
456 bits) {kbps) fkbps) i
[ 172 181 3 40 4 9.08 724 )
C8-2 | =3 268 5] 16 4 13.4 107.2 protection
C8-3 | ~am 312 8 18 4 15.6 124.8 datarate”
C5-4 1 428 16 16 4 214 | 1712
GPRS Air Interface Protocol
use GSM
physical layer
PDCH 1B |sF| TRAIN |SF|P i DATA - | TB} GUARD
normal burst : B PeADAE )
(< 22.8 kbyps) 3 1| 28bits | 1 [+ 67hits: | 3| 8.25 bits
1TS 8TS
Code | Code | Payload | USF | BCS Taif Data Max.
Scheme| Rate {from Bits Rate Rate
456 bits) {(kbps) | (kbps)
81 1/2 181 3 40 4 9.05 724
5.2 ~2/3 268 6 16 4 13.4 107.2
5.3 ~3/4 312 5] 16 4 156 124.8
U84 1 428 16 16 4 21.4 171.2
CS-4
datarate T
: BER 1
Quality 4

DATACOMMUNICATIE - Mobile Communication
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GPRS Architecture
2
VLR
MSC 5’ HLR |

SGSN = Serving GPRS Support Node
GGSN = Gateway GPRS Support Node

GTP tunnel

GPRS

subnetwork

2 %G EDGE
{18 Enhanced Data rates for GSM Evolution

114 bit/ 5ms = 22.8 kbps

8.7S = 182.4 kbps gross bit rate

GMSK R, = 270,833 ksps 8-PSK
constant Q f Q 010 rflncc.:sri
envelope Q00 T %, 011  gensitive
BW = 200 kHz -
001 # |
57 57 } 111
- 4
1 i daia || train H data l !
101 Tl a4 110
58 58 100

3x 116 bit/ 5ms = 69.6 kbps
8.TS = 556.8 kbps

HSCSD NT: 57.6 kbps /4TS elrcuit-switched NT: 57.8kbps/2TS ECSD
GPRS  <21.4kbps/TS packet-switched <53.2kbps/TS  EGPRS
8.TS = 171.2 kbps 8 TS = 473.6 kbps

Standardization: ETSI - GSM Phase 2+ and  TIA TR45.3 (IS-136)

DATACOMMUNICATIE - Mobile Communication

18/05/2008
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Link Adaptation

i throughput

; c ! {kbps)

; 8-PSK
i

link adaptation
.

Patill O AW A |
: VA A A
modufation / 3 /j J/

coding scheme

S GMSK c/

synchronous
network

PN-offsef 187

{S-95 = North American CDMA

DATACOMMUNICATIE - Mobile Communication
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HOBU-fonds IWT97109 - DE NAYER instituut

Spread Spectrum

DS-CDMA demonstrator at 2.4 GHz {ISM band)

Measurement aspects
for wireless communication systems

Measurement infrastructure (VSA, IQ-mod, BERT)

DSSS = Direct Sequence Spread Spectrum

Spreading Despreading
input dy Q) tx, My o= 4‘ d; ODut;tJut
Data channel j ate
PNy pn,
CPN synchronization PN
| coda: ‘code;.
tx, =d,. pn, d,=rx,.pn,

DATACOMMUNICATIE - Mobile Communication 2
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Processing Gain

{Spreading Factor)
x
SF=PG =T  Re
W, R,
T, (chip)

R Y
IRpII= I I

N, T,

il spreading

W O A, et
: 4 _l | U R, R,

fime frequency

Pseudo-Random Noise: PN Sequence
NeTei2
Rafr) t autocorrelation Ra(z)=_Nc£52n(t}.pn{t+r)dt
N=7
pr(O)= 41 #1 +1 4 #1141 =x=1 |
pn@y= +1 +1 +1 -1 +3 -1 -1
141+ HHH =E=T
T,
4 N R P 1 I WA i
N6 542 B 12345 N, pn(0y= +1 +1 +1 -1 +1 -1 i [
pn(1y= -1 +1 +1+1 _-1%1 -1
N, +1 41 <1 <1 -1 A#1 =x=-1
| J spectrum
+1 | - 1
1
pny
! R ;.__’ t >
N.T, Te R, DC=0 R,
balanced
INT,

DATACOMMUNICATIE - Mobile Communication
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CDMA = Code Division Multiple Access

Xp =
dy.pny
+d,.pn, user
Mear *+ dy.png "Oise,
Spreading * o
j ATy, E +dy.phy
] - - h | S d.+ N
|S§31Ut l 4d1 PO stocator o channe X Semodulaior EAl OS‘;‘::{
usert  pny _|[P™M usert
PN, PN
‘code code':
Input At 2Pz Mu.dulafcr' g
Data i -
user?2 pn; b‘Ni
o
,cpt_ié' g Far
Hadamard-Walsh Code set
11011 + large set
1 1 1 401 _1 + orthogonal
H, = Hy=p b - bads h isafti
1 -1 1 111 yncnronisation
1 —1:i=1 1
— synchronous CDMA
1 1 1 1+ 1 1 1 1] «allis
1T -1 1 -1t 1 -1 1 -1
1T 1 -1 -1 1 1 -1 -1]«Z=0
1 -1 -1 1 1 =1 -1 1
M=l 4 1 4 1 o1 o1 21 o1 | «41s840s
1T -1 1 -1 -1 1 -1 1
17 1 -1 -1 -1 -1 1 1
1 -1 -1 1 -1 1 1 -1 :]""h°9°“a'

DATACOMMUNICATIE - Mobile Communication
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CDMA = Code Division Multiple Access

Xy dyr

user3 user N

despreading

-5 :_' u:séri'-”:'”" h
- i . s ¢
R, R,
+ full bandwidth - multi-user
+ fotal fime interference

" (soft capacity} |

all users ‘received’
with the same power

- - l__ » code
1234 5686 7[&}

Multipath Channels

direct path

reflacted path

t,>T,

* indoor = problem
T,=100ns=30m

» outdoor = OK
UTe

DATACOMMUNICATIE - Mobile Communication | 26
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Pilot 0 kbps N 0 Mcps W
s d v a
alf O's ;
WALSH 0
Sync [ Convelutional’ Symbol 19.2kbps | Interleaver | 19,2 khps 1.2288 Mcps
"+ Enicoder- :}—# Repetition - 384 bits ¢ > W,
1.2 kbps R=1/2, K=9 .- 4 {20 ms)
WALSH 32
Error Detection and Correction
Pagin Canvolutional - Symbal 19.2 kbps | interleaver | 19 2 kbps +1.2288 Mcps
__g__g_(_;ﬁ’ . Encoder. . —» Repalition 384 bifs (5% P w,
9.6 kbps R=1/2,K=9..- 1ar2 © {20'ms). 24
4.8 kbps
S— - — WALSH
Long Gode task __,|Long Cade] 1-2288 Mops [peqiin ™) 19.2 kbps P
{paging channel p} A2hil PN 641
Traffic {n) |- Cenvoiutional Symbol 19.2kbps | Interieaver | 1.2 ks 1.2288 Mcps
—— . Encoder © ——+ Repetition 384 bits 3 i
9.6 kips R=1/2, K=9 | 1 . {20 ms).-
- - = WALSH n
Long Code Mask ____,jl.ong Code 1-2265 Mbps | "Decimate-- | 192 kbps '
{ESN, - MS) |42 bt PN 644
“channiels L' |
base stations L . .
— ' 1S-95: Forward Link Modulation
N i-Pilot Sequance
PN-oftset —» 45 bit PN
pn, | 1.2288 Mcps
w0 Maps | .
Ws ——— R 1.2288 MCPS 1XE = 20 kHZ
1.2288 Meps | -2
W —* mod
R AMPS 1S-95
i channel signal \
1.2288 Mcps f i g ;
RF - : £
png| 1.2288 Mcps 90 kHz MHZ_ !
; =] xAMPS: | |
PN-offset — s Q-Pilct Sequence RF (831 MHz) : ST i f
1o bk 869 MHz 894 MHz
25 MHz {20 carriers}
Pilot
Syng —— _ |
Paging———
User 3 inactive
User 2\‘-“ channeis
/
User ‘E“‘* > I1 ” ] ” I_E fn} ﬂ
1.23 MHz f 0123456789 32 40 83 WALSH
t1
Pilot Paging User 1T l}ser! éync U;{era code
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ITU - IMT-2000
International Mobile Communication 2000

macrc

bﬁfri,;‘;’s 144 kbps 384 kbps 2 Mbps
- ETSI
M/EDGE - UTRA/FDD TRA/TDD
MSS GS GE - U U (UMTS)
bearer services:
» constant/variable bitrate
= regl-time/best effort
« circuitpackat-switched
Freguency Allocation
1800 1900 2000 2100 2200
Mss MSS
reg2 reg?
1Ty [ wrao |wss| | _ mT2000_| | mss
1885 1980 :201C 2025 2110 2155 2170
DECT |TPD, DD,
Europe pcs1e0 | || umrs(rony mss| | UMTS (FDD) | MSS
1805 1860 1920 1980 12040 2025 2110 2470
Japan lprs | 2000 - | mss | ©IMT=2000 | WSS
1895 ! 1918 1580 120410 2110 2170
usa PCS | mss | | MSs
1850 i 1880 : 2025 2160

DATACOMMUNICATIE - Mobite Communication
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26 3

IMT-2000

capabilities
=, G5M 900
' ;Egi. ' DCS 1800
— _ SR PCS 1000
9.6 kbps k144 kops I8 kbps | —
T CUTRAT )
o 384kbps. m('lTni?N%O
2 Mbps: - . ;

GPRS/ EDGE
<145 kbps wide area
< 364 kbps local area

LUTRA (WCDMA}
= 384 kbps wida area
< 2 Mbps local area

Global 3G Architecture (OHG framework)

Radio - FDD:made1 | | FDD-mode2 TDD
Transmission . DS-CDMA ~'MC-CDMA TD-CDMA
Technology = =

:'. flexible
" RTT-core -

. conngégtion - .

core
network

core network
3G inter-family
roaming

DATACOMMUNICATIE - Mobile Communication
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W-CDMA
Wideband Code Division Multiple Access

UTRA = UMTS - Terrestrial Radio Access

3.840 Mcps/SF
=380 ksps L® 3.840 Mcps @ 3.840 Mops [grra i - FDD
; =022 R .
i 4 o downlink
SF=128 3.840 Mcps PR
T T OMEE Scramble Code:. Ba‘?e 'QP.SK.3'84D Msps
| (SF'=4,8,16,32,64,128,256) Generator . 1*— Sft:gﬂﬂ SRR
SF=128 3.840 Mops s
V) ;® | SRRC g
3.840 Meps/SE " 3.840 Mcps #2840 Mops 197022 ik
=30 ksps é\;;
RF {1955 MHz}
channelization scrambling il

» limited set of bitrates (SFs),
needs rate matching
» several channels (codes) in paratlel

asynchronous base station operation, needs:
« efficient cell search
» inter BS synchronisation for soft handover

UMTS = Universal Mobile Telecommunication Syslem (ETSI)

W-CDMA: Orthogonal Variable Spreading Factor (OVSF)

o SFe4 sF=g| | SF=t6
limited set of bitrates: 1.920-Mbps 960 kbps: 480 kbps
(flexibility)
CeM=11111111 —
CA=1111 N
Ce(2)=11110000
Cy() =11
Cg(3)=11001100
C,u2)=1100 B
Ce#)=11000011 [—
Cy) =1 o
] Ce5)=10101010 [
C,3)=1010 |
Ce6)=10100101
C2)=10 —
2(2) Cy(7)=1001100% [~
C,4)=1001 —
code-tree al4) Cy8)=10010110 [

DATACOMMUNICATIE - Mobile Communication
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W-CDMA: Orthogonal Variable Spreading Factor (OVSF)

SF =64 SF=8 SF=32 SF=4 SF=18
120 kbps 86D kbps 240kbps  1.920 Mbps 480 kbps

lli‘EIil:;!‘f‘ll.l.l ;,:é* Iii‘l'-'c‘)de

Fosb

b, W

I
code-tree

0

46

IMT-2000

Eu wNMT GSM HSCSD
UMTS R
GPRS '
IS-136 EDGE
US AMPS IS-95 » CDMA2000

DATACOMMUNICATIE - Mobile Communication | 31
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HOGESCHOOL VOOR WETENSCHA? & XUKST | DE NAYER INSTITUUT

SINT-KATELIJNE-WAVER

roller Area Networ

i E
<>

E mSD % /ﬁﬁ &% ir. J. Meel

" | W e "L 8 £

Embedded System Design A hE dec 2009
1. CAN

CAN = Controller Area Network
Extremely robust standardized communication protocol

Developed by Bosch (in the 1980s) to create standardization and
reduce the cost and weight in vehicle wiring harness

CAN is internationalty standardized by
the International Standardization Organization (in iSO 11898)
and by other standards organizations (SAE = Sociely of Automotive Engineers).

Primary uses; automotive and industrial control

HOGESCE R BEHEUP A M5 | DE NAYER INSTITUUT
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CAN Milestones

Development
on CAN étarts

i
HEGISCRNR V0 BESURP A5VNT DE NAYER INSTITUUT

speed [bit/s]

25.6M

2. CAN as an In Vehicle Network

e/ o

L

125K |~

20K |-

45
incremental cost per node [€]

HMUX standards (costs & speeds}

HUGHSCH MRN8 LAY DE NAYER INS’I‘I"I‘UHT]
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Typical Automobile Wiring

.
REGESTIRINL YR UEHEASEP S RET i

DE NAYER INSTITUUT

Automobile Wiring with CAN

DOGESCHON VR BEHAHHAP LML | DIE NAYER INSTITUUT
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3. CAN Concept
3.1 Network Architecture

+» a CAN network is made up of nodes connected to the bus

+ each node can communicate with each other node (flat architecture)

« communication is handled with extremely robust packets called messages
+ transmission speeds of up to 1 Mbps are defined

| Engine Dashboard |
| Control Node | | Display Node |-

| E'ngine' an Daéhboard:
Control Node | | Display Node |

« A node may continually send messages,
such as a motor speed control node

« A node may only fransmif a message when a system failure has occurred,
such as a temperature monitoring node

« Anode may only fake action when another node insfructs it fo do so,
such as an efectronic valve confrol

HBGEURICH R BHOHAP S 0 | DE NAYER INSTITUUT

IN VEHICLE NETWORKS - Controller Area Network 4
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3.2 Sub-Network: LIN vs. CAN

Dual Wire CAN

HOGE I VS HTERSCHAP £ RUST E DE NAYER INSTITUUT

LIN
Cost Factors: CAN Medule Dual Wire interface
Crystal 5V supply for bus
2% Wire / Gonnector

4. CAN Applications

Roef:

Chirnate:

Rain Sensor
Lign Sersor { Control
Sun Roaf

Boddy & COmErt ovvumnmmmmimmiamne

Pesiicrsing Hotors
Sermsory
Backbone Bus

Seat

Seat Position Metars
Quaupancy Sersar
Cantrel Panet

Goor,

Maror Mot f Switch
Window Lifter

Seat Conkrol Gedtches
ConrLeck

Cadl applieations in a cor

HEGESRIL VRO Y L IDE NAYER INSTITUUT

Srrlk Motors
Contre] Paned

Steering Wheek
Ahper Switcly
Light Smitches
Cruse Contred

IN VEHICLE NETWORKS - Controller Area Network
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52 podes lotal

4 backbone, 13 nodes
8 subnels, 1-8 local nodes

Automotive Body Network

Window Lift
Ur{iversal Light

oy

: .¢,~-|Inslrumerrtsi__ ’
] Eentral -
| Body Ctri

Climate

B = tor st G
TR

[ Kbk

BORESCIENR %'(‘;i)?.'!ii‘if?:ifih?’&KL‘%H!DE NAYER INSTITUUT
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5. CAN Specifications
5.1 Layered Model

CAN only defines portions of the lower 2 layers of the OSI 7-layer reference model
HOBESCHSAL YRR WIS HIAP 2 RN ; DE NAYER]NST!TUUT

- CAN Protocol Layers |
' Node specific application =

- HLP such as DeviceNet™, J
- CANopen, CANKingdom ™

- Proprietary, etc. ©

~ Physical medium, transcei
.. wires, connectors, etc.

NOMENCLATURE STANDARD MAX. SIGNALING RATE IDENTIFIER
Low-Speed CAN 1SO 11858 125 khps 11-bit
CAN 2.0A 150 11880:1993 1 Mbps 11-bit
CAN 2.0B 150 11888:1995 1 Mbps 26-bit

HUGESCHES VWS WP A T | DE NAYER INSTITUUT

IN VEHICLE NETWORKS - Controller Area Network
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3.1 Concept of Operation

Multi-Master Message Communication

CAN node 1 CAN node 2 CAN node 3

CAN node 4

for | [ Siave. |-
My R

[ Erame | | Filter |-

TGS WOOR SIS LEA A NART DIE NAYER INSTITUUT

CAN-bus {logical)

g

5.2 Physical Interface

L.ine driverfreceiver

Vica
o LT o e
D=161
[ canL

1 o 1
R=101 D—oﬂ; Recesslve Dominant  Recessive

Physical bit representation CAN Dirivers
] ki
z -

ED— -rm_._l__l J_\“ I__, PROTECTION

3
-

g o
o V i HECEIVER

diff
= l Var -1 ACABAC251
i

e

IN VEHICLE NETWORKS - Conirofler Area Network
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Differential Bus

short (<30 cm) ..
prevent reflection

Differential bus-signaling makes CAN insensitive to EMI (ElectreMagnetic Interference} = common mode
Globai resistance between CAN_H and CAN_L: 6002

EOGESEHG0 T0R RITRASHAP AN &Ui DE NAYER INSTITUUT i

Recessive Bus State

Bus State: recessive (Migh)

CAN-Bus
(single logical
bus line)

Node B Nbde C

BUERIHSGL R MU 5 16T | DE NAYER INSTITUUT

IN VEHICLE NETWORKS - Controller Area Network 9
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Dominant Bus State

Bus State: dominant (Low)

CAN-Bus
(single logical H L L
bus line) A

Node A Node B Node G

FOSEUIGH SR BRSNS { DE NAYER INSTITUUT

Wired-AND Bus

Two logic states

possible on the bus: I |—| | I |_I r “1” = recessive
“1" = recessive
“0”" = dominant

“0" = dominant

As 800 onde nodes transmits

t state.

Only if all nodes transmit

BUS IS 1N the recessive stale.

BT RN E S 3R i DE NAYER INSTITUUT
i -

IN VEHICLE NETWORKS - Controller Area Network 10
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High Speed

Fault-Tolerant

Single Wire

Data link layet standard 150 118981 150 112981 150 118981
Pliysical layer standhrd 150 11898-2 150 11898-3 SAE2411
Number of bus wires 2 (twisted pair) 2 {twisted pair} 1
Maximum bus speed 1 Mbis/s 125 kbies/s 33/41.6 Wbisfs

Bus communication signal

Bus rarmination principle

Bus wire short-cirelit and
interrupe tolerance

limizad short-circult colerance

ralerant agalnst any single bus wire
shert or interrupt

no tolerance

Philips transceiver
fentures 1

- bus doninant time-out

- bus clamping protection

- partial networking support
- stand-by and sleep modes
- node power management
- lacal and remote wake-up
- failure diagnosis

- bgs dominant ume-out

- bus cinnping protection

- partial newworking support
- stand-by and sleep modex
- hede power managefnent
- local and remots wake-up
- fallure diagnosis

- lass of ground protection
- 100 kbits/s flash mode

- parcial nerwarking suppart
- seletive sleep

Automotive applications

- engine management
+ backbone bus
- body & cemfort

- body & comfors

- body & comfort

HERESCI0L R0R BEHNSHAY 4 MY | DE NAYER INSTITUUT

Signal Specification (High Speed CAN, 180 11888-2)

35f------

25

4 Vabsolute

CANH

- P

our

Dominant
Differential
Cutput
Range

Recessive
Differential
Output
Range

CANL

Vd:l!erenu'm

Vdiﬁefential

]
'
'
'
'
1
'
'
1

2 HINEP 23041 | DE NAYER INSTITUUT

Darirant
Differential
ingut
Range

Recessive
Differential
input

1.g0 Range

IN VEHICLE NETWORKS - Controller Area Network
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Absolute

Differential

Parameter

DC Voltage on CANH and CANL

Transient voitage on CANH and CANL

Common Mode Bus Voltage

Recessive Oulput Bus Voitage

‘Recsssive Differantial Output Voltage

Differential Internal Resistance

Common Mode Input Resistance

D Dominant Cutput Voltage (CANH}
Dotninant Cutput Voltage (CANL)

Permanent Dominant Detection (Driver}

Power-On Reset and Brown-Cut Detections [

HBGELHIGL ‘.'?n'}%i‘?{&i{%l-‘.}'%iiz\éiisDE NAYER INSTITUUT

High Speed CAN, ISO 11398-2

Signal Specification {(High Speed CAN vs Low Speed CAN)

VAGEREEH Vi BB CHAR A R iDE NAYER INSTITUUT

signal § recessive stafe dominant state
min | nominal { max { min | nominal | max
CAN Hi20 25 301275 3.5 4.5 | Volt
CAN Li20| 25 30105 1.5 12.25] Volt
recessive dominant
{Low Speed CAN, 15O 71518)
signal | recessive state dominant state
min { nominal { max { min_; nominal | max
CAN H|161 175 1191385 440 5.0 [ Volt
CANL|31] 825 {341 0 | 10 [T15]Volt] 47500
16

IN VEHICLE NETWORKS - Controller Area Network
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Messages: low range, very regularly and in rapid succession

Typical applications for low-speed, high-speed and single-wire CAN

High-Spesd CAN bus

- Lov-Speed CAN bus -

Max 1Mbitfs

Iax 123%bit/s

Single- Wire CAN bus]

Messages: wide range, sporadic, unpredictable

HEGESCIRPL R S B e é BE NA ISTITUUT i

Max 33 3kbitfs

bit rate / kbps
h

dashboard,
diagnostics

s
e

body
controt

management,
Gearbox, AB3

e LI et Bl R SR iDE NAYER INSTITUUT E

Real-time Eapabiiity

Engine

IN VEHICLE NETWORKS - Controller Area Network
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Bit Rate vs Bus Length

bus length | max, bit rate

t 20m | 1000 kbps

A 100 m 500 kbps
1008 200 m 250 kbps
50H 500 m 125 kbps
1000 m 50 kbps
2004 6000 m 10 kbps
Bit Rate 1007
204
10400
5 iz
+ | E —»
0 10 100 200 1000 10,000
CAN Bus Length [m]
bus lines assumed to be electrical {e.q. UTP)
FRER B0L A0 BRIGTRE R ] DE Nnxﬁglggﬂrruwr l
Node 1
40 m /130 ft
CAN_H @ 1 Mbps
120
Ohm
CAN L
BOGESCHNN YHIT WEAASiAR B ETRY EDE NAX.EF.‘.\!.H,S.I‘TUUT
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CAN module (node)

9-pole DSUB

DN C-type connector

DN mini-style
connector

CANHUG connector

3: OV {ground)

4: reserved

5: resarved

8: reserved

HUGHEHHN SR BHES(RIP A RST 1 DE NAYER INSTITUUT

6. Data Frame Structure

Tx: r= recessive (17 SOF = Start Of Frame DLC = Data Length Code
T d = dominant ('0') CRC = Cyelic Redundancy Check 10 = Intermission fpause] (1)
Tedorr ACK = Acknowledge BI'=Bus Idte (1)

' EOF = End Of Frame RTR = Remote Transmission Request

I Tyer By
| Tur-Rxdorr R0,R1 = Reserved for future use (d}

Del = Delimiter {r)
RO ORGP ST | DE NAYER INSTITUUT i

IFS = Inter Frame Space

IN VEHICLE NETWORKS - Controller Area Network 15
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Standard Frame (CAN 2.0 part A) 21 = 204810’

Extended Frame {CAN 2.0 part B} 2%=53610°ID's

SRR = Substitute Remote Request (SRR) bit
EDSLHG YR BERSLIAF LAY | DIE NAYER INSTITUUT

6.1 Synchronization

+ o clock in the bit stream:
» receivers synchronize on recessive to dominant transitions

BEGEST GG VR SISURP ST {DE NAYER INSTITUUT

IN VEHICLE NETWORKS - Controller Area Network 16
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Message Coding: NRZ-Code

NRZ = Non Return to Zero

010..

Prohlem: synchronisation lost for a burst of zero's or one’s

IHGSTAGEL TR BESTRP 2 RAST | DE NAYER INSTATUUT

Bit Stuffing

» 12345678 .. 12345678 ..

data stream

bit stream

Y
-y
[S]
(94
iy
(41
—
]
(93]

Bit Stuffing ensures sufficient Recessive to Dominant edges:
» Stuff Bit inserted after 5 consecutive hits at the same state
» Stuff Bit is inverse of previous bit

f
HOGESTAAG VIR WS DIAP A KLY ; DE NAYER INSTITUUT

IN VEHICLE NETWORKS - Controfler Area Network
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6.2 Arbitration

o :
| Recessive '
and moniiors a

Non-destructive Bitwise Arbitration: The node{s) loosing arbitration become receivers and receive the message.

i
BEESHOE] VR BETINSCIND B RAST i DE NAYER INSTITUUT

CSMAICD w AMP

Carrier Sense (CS)
Every node must monitor the bus for a period of no activity

before sending a message.

Multiple Access (MA)
Once a period of no activity occurs, every node has an equal opportunity
to fransmit a message.

Collision Detection (CD)
If 2 nodes transmit at the same time, a collision occurs.

Arbitration on Message Priority (AMP)
Non-destructive bitwise arbitration based on the priority
of the send messages to resolve collisions.

IN VEHICLE NETWORKS - Controller Area Network
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» When two devices attempt to transmit simultaneously, CAN uses non-destructive bitwise arbitration
to resolve the collision.

« The arbitration iD indicates message priority (lowest numerical value has highest priority).
» The highest priority message is guaranteed to gain access to the bus.

* Lower priority messages are automatically retransmitted in the next bus cycle,
or in a subsequent bus cycle if there are still other, higher priority messages waiting to be sent.

+ A Standard Idenfifier wins over an Extended identifier.

* | Device A transmits . ' n E
1 0 DiL|0 O 61 1
D= 1100100 0111 (647 hex) LI sleoftfo o ofe ]

Device B transuits
=110 110G 0111 (6C7 hex)

Devies B loges, and goes idle until end of frame
Device A wing, and proceeds

FRGSUHIN MR MG A6 DR NAYER INSTITUUT

Non-destructive Bit-wise Arbitration

i: " Lostt’
1 Lil
B: "1lost

«— arbitration interval —————>{  {ime

The lower the priority of a message Is, the higher the latency jitter for the media access may be.

FHEELION N RIHASIP A 515 | DE NAYER INSTITUUT
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Bit-wise Arbitration

Termination

HOGEHIEN Wl wrIRSUHP AR | DE NAYER INSTITUWUT

Termination

Termination

DLC=6 TH
DLC=7 £
DLC=8

extended frame
DLC=6 :

D data FOH ¢ )
J0hiL Ohit 37ht 44y THASUHEOGUMSHPLNSTDE NAYER INSTITUUT

> data
Mt Obit

11kt 8bit

11 bt 16 bit

D data

FOH
29hit G4nit 37hit 72%

FCH
35bit 24%

J5 kit 35%

35bit 44%

63%

6%

(i

IN VEHICLE NETWORKS - Controller Area Network
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7. Message Transfer
7.1 Frame Types

“Hallo everyone, here's some data labetied 10"
carries data from a transmitter
to any or all the receivers

Data Frame

"Hallo everyone, can someone produce data iabelled 1D?"
request a remote node to transmit
the data frame with the same identifier

Remote Frama

%ﬁﬁ feveryone, aloud) "Let's try again!”
Error Frame N transmitted by any uniton detecting a bus error
"'y busy, cowld you please wait for @ moment?”
Overload Frame {ransmitled to provide an exira delay between

the preceding and succeeding data or semote frames

HOGESEHG V08 BUIER AP S RASE ;DE NAYER INSTITUUT

7.2 Remote Frame

. .standard data frame
vessnnmn c_RG-‘HGJ

standard remote frame

» An identifier with reguest RTR {recessive) wil force the same identifisr with data to be sent.
« The remote frame can be transmilled by any module, possibly at the same time.
« The DLC ({Daia Length Code} has to have the same value in the remote frame as in the data frame, but will have no data bytes.

L

!li!ﬁ!iﬂiﬂi‘;!\ﬂﬁ%‘.&'{'l[&ﬁ{ii-‘)‘&ﬁ’xwQDE NAYER INSTITUUT
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3

Data Frame; Identifier 'oil_tmp';
contains desired information

TEHSLHHE WHOR RHIENSERaP § RAARE g DE NAYER INSTITUUT

7.3 Error Frame

active error frame
(by an error active node) |

active error flag
from all nodes
detecting error

smfﬁag ervor active error flag
from all nodes
detecting stuffing error

stuffing error

RAGESURIEL VHA B AP S MY | DE NAYER INSTITUUT

IN VEHICLE NETWORKS - Controller Area Network
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7.4 Overload Frame

Goal:
delay start of next frame

active overload flag
from a node in
overload condition

active overload flag
from a node detecting
overload condition

active error flag
from all nodes
delecting stuffing error

stuifing ervor

HOGESTHAE W& B EEASUHAR KUY 1DE NAYER INSTITUUT I

Separates a frame (of whatever type) from a following Data or Remcte Frame.

[M = Intermission (3 recessive bits)

Bl = Bus Idle
Bus Idle time may be of any arbitrary length including zero.

H
HEEEHN R SHESGEP A KL | DE NAYER INSTITUUT
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error defection

error signalling

error correction

8. Error Handling

The CAN protocol provides sophisticated
error detection, signalling and correction mechanismis.

detected error

EEEEET] +- errorflag

frame retransmission — Fl e

BERESCIET EG?}R'&H‘IHS(ﬂE&FMi'K.‘JIDE NAYER INST iTUUT[

8.1 Cyclic Redundancy Check Error

The CRC Field contains:

A 15-bit CRC code used for error detection.

The message s divided by the polynomial:
G =x1P+ x4+ x10+x8 + 57 +x + 53+ 1 BER= 2"15=310°%

The remainder of this division is the CRC.

One recessive bit used as a delimiter.

Hamming Distance= 6 — detection of up fo § single bif errors

f
EOGESCHHA MR MRS S KL ; DE NAYER INSTITUUT
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All nodes receive the message, calculate the CRC and verify against the CRC received.

For error free communication: calculated and received CRC must match.

Cldle
OReceive
@ Transmit}

|CRC Check

Calculated

S,

SUM
=

.

O idle
| ® Receive
QO Transmit

REGHUHIEL YR BRS04 A6 | DE NAYER INSTI‘I'UU‘I';

CRC Error, The CRC code computed is different than the CRC code iransmitfed.

- Oldle
-.OReceive
=@ Transmit

NOdeA S

Calculated

JCRC Checksum:

Calculated

Received
CRC Checksum

i

O ldle
@ Receive
O Transmit =

Error Frame

HOGESEHRE VIR RERSHBR A LAY JDE NAYER INSTITUUT

When a CRC error is detected, transmission of an error flag starts at the bit following the ACK delimiter.

Detacted errors are made public to all other nodes via Error Frames.

IN VEHICLE NETWORKS - Controller Area Network
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8.2 Acknowledge Error

Nﬁ_jclleA

QOldle

O Receive ™
@ Transmit Yomirast
Node B Reoeed

Oldle
@ Receive T
OTransmit, Jeminaat

b Tor-Redorr

Aframe must be acknowledged by
at least one other node.
{otherwise ACK-Error)

CAN Bus
..... Cldie
& Active bominant

i
JEGESCRONE VR BETERSUMP & RLAST é DE NAYER INSTITUUT

8.3 Form Error

v .
HEGEURL VR BP0 | DE NAYER INSTITUUT

must be recessive

|

if not: form error

|

generation of: error flag

IN VEHICLE NETWORKS - Controller Area Network
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8.4 Stuff Error

8% ponsacutive equal bif level
stuffing error = viglalion of the stuffing nule

error flag

i .
SGE I VOO METEM AR B RURST é DE NAYER INSTITUUT

8.5 Bit Error

The sending node monitors the bus

{0 ensure that: Bit Error.
data transmitted = data received Sending node defects
(not ACK bit, Arbitration bils) data transmitted # data received

HAEETHAE R SETEN AP A RUARE ]

DE NAYER INSTITUUY

hit error

error flag

CAN bus CAN bus

iN VEHICLE NETWORKS - Controller Area Network
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9. Fault Confinement

REC > 127
ar
TEC > 127 o
REC < 128 re-inititialize
and

TEC <128

TEC > 255

Active Error State: normal operation, generate active error frame TEC = Transmit error Count
Passive Error State; generate passive error frame, [FS +suspended fransmission

Bus Off: don't generate any frames, nor receive frames (withdraw from bus) REC = Receive eror Count

TR B UG § % | DE NAYER ENSTITUUTI

Error Counters

Error Counting Rules

Do not increase REC being 128,

Do not increase TEC being 256.
Do not decrease REC or TEC being 0.

il for
- oF send raguest

<z Eeangmll Erar Gt (TEG) 700

Reséive Erir Soint (RES)

i
i

senit Efror Frams

n

wall EQF

Al
A8 | ITAERY

OGRS AN ST i

ﬂ%}‘;ﬂii-i‘»}iDE NAYER INSTITUUT
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t=7.2100sec
tBLR, =091
{BLR/ML= 1.

% Eniir” BUS OFF"
Counter
() System-Time
TiError.
Counter
o] Systen-Thme
MER MER < 10-3
restfoutkans
(messages) T Message Error Rate
1012
5 modules met berichten van 90 bits
1044 -
1018 - . .
10 modules met berichten van 80 bits
1018
1 ] T 1
104 102 102 10--— bitfoutkans

{bits)
t.BL = 1.8 10° sec (bus active limefyear)
02 bits (active bitsfyear}

110%™ messages (aclive messages/year)

MERtBL.R/ML= 1.1 1073 wrong messages/year

1 undetected wrong message every 1000 year!

AERUHEN VRIS BHERSHA SR i DE

NAYER INSTITUUT
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10. Bit Timing

_l I ] o ]_[ .
[

i

PropSeg PhaseSegi PhaseSey2

Programmable Programmable Programmable
1-87Q 1-87Q

Synchronization Segment (SyncSeg) : bit edges are expecied to ecour withén the SyncSeg (synchronization)
Propagation Segment{PropSeg) : to compensate for the propagation delay (2 x maximum bus delay)

Phase Segment T {PhaseSeg1) and Phase Segment 2 (PhaseSeq2) : to compensate for edge phase errors
PhaseSeq1 ¢an be leagthened or PhaseSeg? can be shortened hy resynchrenization.

Sample Peint: the pointin the bit time in which the logic level is read and interpreted.

] 4
JHOGESCIHHEL VR0R UETENSTIEP BLSST 5 PE NAYER INSTITUUT l

10.1 Bit Lengthening
NEEDED
Sample
Point
Tx ec PropSey PhaseSeg1 | PhaseSey2
(slower) —
EXPECTED
Sample
Point
PhaseSeg1 PhaseSeqg2
TR
{faster)
NEW
Sampla
Point
PropSey PhaseSag1 PhaseSeq?
Rx :
P e i
(faster}

¢
HOGESHEN YR HEHAP S RERE |

DE NAYER INSTI‘IUUTI
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10.2 Bit Shortening
NEEDED
Sample
Point
PhasaSeg1
[ ]
Tx
(faster) 1__ re-synchronisation edge EXPECTED
Sample
Point

PhaseSeg1

Rx

(slower) NEW
Sample
Point

PropSeg

PhaseSey2

Rx
{sfowsr) !
HOGESEION Vs RHES(HAP ERAST | DE NAYER INSTITOUT ]

11. Higher Level Protocols
SAE J1939 : in-vehicle, heavy truck, and agricultural networking

OSEK/VDX : Offene Systeme und deren Schnittstellen fiir die Elektronik im Kraftfahrzeug
Vehicule Distributed eXecufive

Joint project of the automotive industry.
CAL/CANopen : (CAN Application Layer)
DeviceNet : ODVA, (Allen-Bradley, efc.)

CiA (CAN in Automation)
SDS : (Smart Distribution System) Honeywell

CAN Kingdom: Kvaser — mobile hydraulics

CDA 101 : (Common Digital Architecture) DoD - aitpfane

HEGESCAGGE VIR SEONS(RF R ART l DE NAYER INSTITUUT [
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12. References

1] CAN Specification 2.0 Part A
Bosch {September, 1991)

[2] CAN Specification 2.0 Part B
Bosch {September, 1991)

[3] Understanding Microchip’s CAN Module Bit Timing {AN754)
Microchip Technology inc (2001}
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L5001
Honpave”

e

Emd .

Embedded System Design

LIN Frame Structure

FRAME SLOT
FRAME

RESPONSE ——»

checksum|.

e HEADER
break synch Protected:.
> 13 bit y identifier . -

master task ‘ !"f mﬂmu.‘

0to 8 data fields

infer-frame

LR

slave task
in-frame
response inter-hyie
space or break

space
byte field
SCI/ UART format

L[ [:LL L]

MSB stop

start LSB
HEGESEIGN) 0% BERNCAP SIS i DE NAYER INSTITUUGT E
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CAN Frame Structure

Standard Frame (CAN 2.0 part A)

7 Tx:r=recessive (17 SOF = Start Of Frame DLC = Data Length Code

E] Txd=dominant (1) CRC = Cyclic Redundancy Check IM = Infermission [pause] (1)
Tedorr ACK = Acknowladge Bl = Bus Idle (1)
' EOF = End Of Frame RTR = Remote Transmission Request

5 Ty po R
m Txr-Redore RO,R1 = Reserved for future use (d}

Del = Defimiter (1)
FHEHN 0TSSP AT | DE NAYER ms-rn-uu-r[

IFS = Inter Frame Space

Standard Frame {CAN 2.0 part A) 21=20481D's

SRR = Substitute Remote Request {SRR) bit IDE = kientifier Extension hit

i
EEhE N VRIRWEIRS O 5T RN 5 DE NAYER INSTITUUT
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MOST Frame Structure

1 BLOCK = 16 FRAMES

el

Time Slots o
(24-80 byles)

Boundary Descriptor®
(4 bi)

Preambie
(it

EoEHSUEH0] Wid Rt ERAR § RURT 1DE NAYER iNSTITUUT I

EnraaT T

St ot

Synchronous Channel Asynchronous Transport

Time Slots
{{-36 byles)

Frame Control
& Status Bils

[2 pyles)

{7 bit}

Partty Bit
(1 it)

“Boundary Descriplor: synchronous data in quadisfs {= 4 byle blocks), between 6 and 15, defined by Timing Master node {(bSBC)

The Controlier Aren Network {CAN} Message Structun:

Diiytis Bod dufeaio
ey
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