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" JEE
Vsebina

O Povezovalni standardi
EIA/TIA-232 (RS-232)
EIA/TIA-485 (RS-485)
CANBUS

Opis protokola in fizicnega nivoja
Primer uporabe:

1 Integra BM: HW moduli in IEX-2 odprta protokolska nadgradnja, ...
1 Vsebina LAB vaje : CANBUS, STM32 in IEX-2 protokol

Modbus:
Opis protokola in fizicnih nivojev
Primeri Modbus komunikacij:

1 STM32 (MB master) <-> PC (MB slave)

1 Cybro kot MB Slave (visje nivojsko omrezje)

USB - Universal Serial Bus
PCI Express (PCle)
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10. Povezovalni standardi - uvod

0 Standard je dokumentiran dogovor, ki vsebuje tehnicne specifikacije ali druge
natancno dolocene kriterije. Lahko ga imenujemo tudi priporocilo.

0 Uporablja se kot pravila, smernice ali definicije lastnosti, da bi materiali, izdelki ali
storitve ustrezali svojim namenom.
0 Zakaj standardi!?

Omogocajo pravilno komunikacijo med programi ali programom in strojno
opremo (slike, tekst, zvok, telefonski pogovori).

Neuporaba lahko onemogoci komunikacijo, ali pa vodi k napacni interpretaciji informacij.

0 Kako pride do njihove uveljavitve?
Neformalno sprejemanje standardov

Primer:TTL napetostni nivoji (OV — low, 5V — high) so pri V/I lastnostih logicnih vezij postali
standard zaradi moznosti povezovanja Cipov razli¢nih proizvajalcev.

Formalno sprejemanje standardov - obicajno jih definirajo zdruzenja proizvajalcev ali
organizacije:

IEEE — Institute of Electrical and Electronic Engineers

EIA — Electronic Industries Association

TIA —Telecommunications Industry Association
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0 Za povezavo dveh sistemoy, dveh naprav, dveh moduloyv, dveh tiskanih vezij zelimo
uporabiti serijski prenos podatkov.

0 Kako lahko to izvedemo?
0  Kaj potrebujemo?
Prenosni medij

Konektor

Zdruzljivost KA
1/ /\ |

RS-232 - RS-232 \ (i

USB - RS-232
L 4

q ‘@ USB - RS-485
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10.1 EIA/TIA-232 (RS-232)

0 Standard RS 232 doloca:
napetostne in signalne nivoje ter ¢asovne lastnosti
pomen in vrste signalov in
razpored pinov na konektorijih in konfiguracije povezav

minimalno kolic¢ino krmilnih informacij med gostiteljskim in perifernim sistemom.

0 Zacetek in razvoj standarda:
RS-232 — leta 1962 (organizacija EIA)
RS-232 C leta 1969
RS-232 D leta 1986
TIA-232 F leta 1997 (se vedno v veljavi)

0 Standard RS-232 omogoca siroko zdruzljivost in zanesljivo povezovanje V/I naprav.

2 Vir:
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RS-232 na kratko

asimetricni prenos (ang. unbalanced) podatkoyv,
s skupnim povratnim vodnikom za vse signale,

in napetostno nezakljuceno napajanje linije
RIZH < RO in RVH > RO

Sumna imuniteta: 5V -3V =2V

za omejevanje odbojev in presluha je uporabljeno
.t
razmerije f :

slew rate)

Asinhronska komunikacija — ni urinega signala

LSB
o1

MSB
7

Mark (1)
Format podatka o E

2

3

4

5

B

Prenos: Start, by, ... b, Stop; Ni paritetnega bita.
Standardne baudne (bitne) hitrosti

1200, 2400, 4800, 19200, 38400,57600, 115200 bps
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hitrost spreminjanja signala je omejena na 30 V/us (ang.

Sh:\ul
+12

Racunalnik TxD RxD Naprava
Pin 3 »|Pin 3
DTE DCE
Pin 2 |« Pin 2
TD
RxD
+15V +15V
Logiéna 0
(SPACE)
e
————————— +3V
2 = =
———————— -3V
BV [ ——————
Logiéna 1
(MARK)
_15V —15V

Izhod oddajnika

12
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10.1.1 Elektricni del standarda

0 Napetostna in logicna nivoja

Logicna 0 : pozitiven napetostni nivo Logicna | : negativen napetostni nivo
Oddajnik: od +5V do +15V Oddajnik: od -5V do -15V
Sprejemnik: od +3V do +15V Sprejemnik: od -3V do -15V

+15V +15V
Logi¢na 0
(SPACE)
+5V
——————————— +3V
OV BN T
——————————— ~3V
BV [
Logi¢na 1
(MARK)
~15V -15V
Izhod oddajnika Vhod sprejemnika

Sumna imuniteta je napetostna razlika med izhodom oddajnika in vhodom sprejemnika,
ki pri neugodnih razmerah doloca odpornost signalov na sum (5V — 3V = 2V).
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2 V RS-232 je uporabljen

asimetricni prenos (ang. unbalanced) podatkoy,
s skupim povratnim vodnikom za vse signale,
in napetostno nezakljuceno napajanje linije (R;zy < Rg in Ryy > Ry)

Oddajnik RS-232 Sprejemnik RS-232

O ! O

RS-232 napetostni in logi¢ni nivoji

) )) )
(
GND L Skupni povratni vodnik za vse signale —T— GND
TTL T 5V LVTTL
(45V-55V) BV-3.6V)
Napetostni nivoji za TTL in LVTTL: T 3V
Vou = Minimalna izhodna napetost pri visokem nivoju (1)
v Minimal hod i visok ivoiu (1 Vou T 24V Vou T[T 24V
= Minimalna vhodna napetost pri visokem nivoju
IH P P J ( ) Vi 7V Vi 1 v
V,. = Maksimalna vhodna napetost pri nizkem nivoju (0) Vo, == 15V Vo —T— 15V
VoL = Maksimalna izhodna napetost pri nizkem nivoju(0)
. . = 08V
V14 = Napetost preklopa (preklopni pra Vi 08V Vi
™ petost preklopa (preklopni prag) v eav e —— o4v
w0V =0V
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Za omejevanje odbojev in presluha je uporabljeno razmerje %r :

Hitrost spreminjanja kateregakoli signala je omejena na 30 V/us (ang. slew rate).

——————— +15V
Cas vzpona t, signala je za podane
napetostne omejitve  _y 45\
t. =333 ns i i
I |
I |
e —_— - 5V
o
|
————————————— f-———————————— 15V
L e
Pri upostevanju pogoja za omejevanije odbojev t,. = (3 =+ 5),
standard RS-232 priporoca najvecjo dolzino povezave |5 m.
|zracun:t, > 47 in§ = 5,6 [%]
ty _ 333[ns] — 15 [m]

Casvzponat, =4t =4.1.6 -1 < 4.5 4.56["/m]
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Primer meritve casa vzpona (Slew Rate) — VIN LAB vaja

FIGOL

A

A

—.-—-—.--"'r.

T
1
|
1
1
!
1
!
1
1
|
1
|
1
1
!
1
I
|
i
i
I

Lminill =1!-'-1- gl Umnazil) = 4640 | Umnax?
Time

580 ns
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0 RS-232 povezava dveh naprav
Data Terminal Equipment (DTE)

Data Communication Equipment (DCE)

Prenos podatkov:
Povezava naprav DTE in DCE

(direktna povezava)

Povezava dveh naprav DTE

(navzkrizna povezava)

VIN —Predavanja

Racunalnik

DTE

DB9 | DTE | In/ In/ | pce | DB9

Pins Out Qut Pins

1 DCD | In  |<=>|In DCD | 1
—_—r2 RXD |[In  [<€—|Out [TXD | 2 <=
—_— 3 TXD | Out [—>|In RXD | 3 <=

4 DTR | Out |—=| In DSR 4

5 GND - - - | GND | 5

6 DSR |In |<€—|Out [DTR | 6

7 RTS | Out |—=| In CTS 7

8 (1S |In |<€—| Out | RTS 8

9 RI In <> | In Rl 9

TxD Naprava

X RxD
Pin 3 »|Pin 3
DCE

Pin 2 |« Pin 2

RxD

Racunalnik |
TxD

DTE

Pin 3

Pin2

11

RxD

X

TxD

Racunalnik 2

TxD

Pin 3
DTE
Pin2

RxD
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O Vrste in razpored signalov na 9-pinskem konektorju (DB9 Male):
RD (ang. receive data) - sprejem podatka
TD (ang. transmitt data) — oddaja podatka
RTS (ang. request to send) - zahteva za posiljanje podatka
CTS (ang. clear to send) — pripravljenost za sprejem podatka
DCD (ang. data carrier detect) — sprejem prenosa iz oddaljene lokacije
DSR (ang. data set ready) — pripravljenost za prenos podatka
DTR (ang. data terminal ready) — pripravljenost za sprejem zahteve
RI (ang. ring indicator) — zazna prihajajoci signal iz linije

GND (ang. ground) — ozemljitev

Konektorja DB9 Female in DB9 Male = @

1 DTl'R TID RP DCD DCD RD TD DTR
04030 %0 ) @%%“ésé
9? 8(? 7Q\6Q Q CP Q Q\

RI CTS RTS DSR DSR RTS CTS RI
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10.1.2 Nacini delovanja RS-232

a) Enostavno ne-usklajeno delovanje (ang. simple no-handshaking)

Komunikacija deluje s predpostavko, da sprejemnik lahko bere podatke iz vmesnega
pomnilnika (ang. buffer) predno je sprejet nov znak.

Podatek je poslan iz oddajnika (pin TxD) in sprejet na sprejemniku (pin RxD).
Prikaz povezave med dvema vozlis¢ema:

a) 9-pinski konektor — 9 pinski konektor

b) 9-pinski konektor — 25 pinski konektor

9 - pinov 9 - pinov 9 pinov 25 pinov
3 3 3 2
TxD TxD TxD TxD
2 2 2 3
RxD —»{ RxD RxD —» RxD
7 7 7 4
RTS RTS RTS RTS
8 8 8 5
CTS [« —»| CTS CTS [« - CTS
4 4 4 20
DTR DTR DTR DTR
6 6 6 6
DSR [¢ —| DSR DSR [¢ —| DSR
° 5 5 7
a) GND GND b) GND GND

b)  Programsko usklajeno delovanje (ang. software handshaking)
Hitro procesiranje tako na oddajniku, kot sprejemniku

Znaka ASCII sta uporabljena za zacetek (start - Ctrl-S) in konec prenosa (stop - Ctrl-Q)
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c) Signali so uporabljeni za usklajevalno delovanje (ang. hardware handshaking)

Racunalnik —V/I naprava Racunalnik | — Racunalnik 2
RACUNALNIK V/I NAPRAVA RACUNALNIK 1 RACUNALNIK 2
2 2
3 3
o | > ° L Red TxD TXD
5 5 5 5
GND GND GND GND
7 7
RTS | > T lers RTS ::>C RTS
8 8
cts |2 < 8 | RTs cTs cTs
Mogki konektor Zenski konektor Moski konektor Moski konektor

0 Primer za prenos podatka: RACUNALNIK | — V/I NAPRAVA ali RACUNALNIK 2

V/I NAPRAVA ali

RACUNALNIK 1 RACUNALNIK 2
R1 RIS —»>—————————————————————————————- — CTS VI
ali
R1 CTS|lé—————— e ———. <+—— RTS R2
O | _ . ro V/l ali R2
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RI VIl ali R2

RTISI—»-------- ¥l CTS

R1 CTS RTS V/l aliR2

TxD RxD

podatek

(I) RI aktivira signal RTS, ko zeli poslati podatek
(2) KoV/l ali R2 sprejme signal RTS na svoj CTS vhod, odgovori s signalom RTS,

ki ga Rl sprejme na vhod CTS, kar pomeni daV/I ali R2 lahko sprejme podatek.
(3) RI pricne s posiljanjem podatka
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RI VI ali R2
RTS — _\ CTS
R1 CTS |e— RTS V/l ali R2
™D |_, RxD
Cas t[s]

(4) RI konca posiljanje
(5 RI deaktivira signal RTS
(6) V/l ali R2 odgovori - deaktivira svoj RTS
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R1

R1

RTS

CTS

TxD

V/l ali R2

CTS

RTS V/l aliR2

RxD

(1) RI aktivira signal RTS, ko zeli poslati podatek
(2) KoV/l ali R2 sprejme signal RTS na svoj CTS vhod,
odgovori s signalom RTS, ki ga Rl sprejme na vhod CTS,

kar pomeni da V/I ali R2 lahko sprejme podatek.

(3) RI pricne s posiljanjem podatka

VIN —Predavanja
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(4) RI konca posiljanje
(5) RI deaktivira signal RTS
(6) V/lali R2 odgovori - deaktivira svoj RTS
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10.1.3 Lastnosti RS-232

O Napetostni nivoji:
Logicna 1:-3V do -15V;-5V do -15V
Logicna 0: +3V do +15V;+5V do +I5V
O Asinhronska komunikacija — ni urinega signala

0 Format podatka
Prenos: Start, by, ... b, Stop; Ni paritetnega bita.
LSB M5B

Mark (1)
| 0 [1[2]3[4]5]6 |7 [see

124

Space (0)

+12V
0 Asimetricna povezava

Dvosmerna povezava (ang. fullduplex)
Povezava dveh naprav na isto maso (GND).
Vecja obcutljivost na sum.

Omejitev dolzine povezave je |5 m.

0 Baudna hitrost
Obicajna - 9600 bps
Druge standardne moznosti: 1200, 2400, 4800, 19200, 38400,57600, 115200 bps
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10.1.4 RS232 na osciloskopu (VIN LAB)

O Start bit , 8 podatk. bitov (obratni vrstni red), Stop bit (mirovno stanje
O Poslan znak na sliki je 0b01001010 = Ox4a =*

RIGOL £ B Zzem
IZL FAR:=22.

LUBNCZAN B (USE B B LSRR B SN B BURNCVEE B DY B B LN SRR B BN |

i
e
N TEEE =I!-: I e R e
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10.2 EIA/TIA-485 (RS-485)

0/ Standard RS-485 definira elektricne lastnosti oddajnikoy, linije in
sprejemnikov za simetricno povezavo v obliki vodila.

Doloca simetricni, diferencialni prenos v obe smeri (half-duplex ali full-duplex).
Priporoca uporabo parice in zakljucitev linije za omejevanje odbojev.

Omogoca hitrosti do 35 Mb/s in vec ter dolzino povezave do 1200 m, vendar ne
hkrati (visja kot je hitrost <> krajsa je povezava in obratno)

Na vodilu je tako stevilo oddajnikoy, kot stevilo sprejemnikov do 32.
Ce obremenitev ni presezena, je lahko sprejemnikov tudi ve¢, do 256.

Primer: half-duplex in full-duplex struktura vodila v RS-485

s [ s I i |
B B @ o@

VIN —Predavanja 20 © 2024, Trebar, Skraba, Rozman - FRI
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0 Standard ne doloca posebnega protokola za prenos podatkov, obratno pa veliko
protokolov uporablja RS-485 kot elektricni standard povezave (npr. Modbus)

O Povezave po standardu RS-485 so zaradi simetricne povezave in uporabe paric zelo
uporabne v industrijskih okoljih:
Neobcutljive za Sum in premik potenciala ozemljitve
Ne povzrocajo motenj navzven (presluh na sosednje povezave)
Mozne so visje hitrosti prenosa

Kjer ni zahtevana velika hitrost, so povezave lahko zelo dolge (npr. v procesni industriji)

Primer za raven kabel in sukano parico

Raven kabel f TLT;T" T{- L/_

g ling 5= ing I =

Tﬁ’_ -ﬁ“_ -
Sukana parica > |-}'T

—
—
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O Logicni nivo — napetostni nivo +12V +12V
Logicna 0 : negativen napetostni nivo
Logi¢na
Oddajnik: od -1,5V do -7V 1
Sprejemnik: od -200 mV do -7V +1.5V
Logi¢na | : pozitiven napetostni nivo -+200mV
OV 71—~~~ —
Oddajnik: od +1,5V do +12V _200mV
Sprejemnik: od +200 mV do +12V -1,5V
Logi€na
0
-7V -7
Izhod Vhod
o _ oddajnika sprejemnika
O Minimalne napetosti
izhod oddajnika vhod sprejemnika

(@]

—_— +1_5u\ ~ -15V +2n-:1mvl x T-znnmv I
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0 Za omejevanje odbojev se uporablja zakljucitev linije na obeh koncih (120Q)),
upornost zakljucitvenega upora je odvisna od karakteristicne impedance linije (Z,),
zato je standard ne specificira.

2 Primer:

RS-485 oddajnik/sprejemnik

(ang. transceiver) f +
PN | 68002
| + U
| i * U+ I
| : 1200 | . |
| - —4 U_ LA/ |
|
| | 6800 001011
i : 1
|
| |
| |
| :
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0 Povzetek standardov RS-232 in RS-485

RS232 RS485

Differential no yes
Max number of drivers 1 32
Max number of receivers 1 32
Modes of operation half duplex  half duplex
full duplex
Network topology point-to-point  multipoint
Max distance (acc. standard) 15m 1200 m
Max speed at 12 m 20 kbs 35 Mbs
Max speed at 1200 m (1 kbs) 100 kbs
Max slew rate 30 V/us n/a
Receiver input resistance 3..7 kQ = 12 kQ
Driver load impedance 3..7 kQ 54 Q
Receiver input sensitivity +3V +200 mV
Receiver input range 15V =T (05 AR
Max driver output voltage +25V -7..12V
Min driver output voltage (with load) +5V £1:5V
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10.3. CANBUS vodilo

Pedestrians Protecting Unit

CANBUS (ISO-11898-2):

1 _; g : = Ly
Zgodovina = e ]
Podrocja uporabe T A i
Avtomobilska industrija iy ! o swrCane
[___Brake Pressure Sensor

Millimeter-Wave Radar L i

b e e Passenger Seat Sensor

Industrijska avtomatika, pametne stavbe
Pregled protokola, arbitraze, fizicnega nivoja
Prakticni primer: Pametna hisa, IEX-2 protokol

Lab. vaja LV5:

Gradniki in shema testnega sistema
Programiranje sistema
Meritve signalov na povezavah
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CANDbus na kratko

» CANDbus — Controller Area Network bus

» CAN (Controller Area Network) je serijsko vodilo za
komunikacijo med vgrajenimi mikrokrmilniki

» CAN bus na kratko :
serijsko vodilo
dve zici (CAN_H,CAN_L) + napajanje,
diferencialni prenos signala

odpornost na sum.
max | Mbit/s, 40m,

sporocila do 8 bajtov (latenca)

» CAN-FD standard, ISO 11898-2:2016
2Mbps, 5Mbps, do 64 bajtov/sporocilo
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" JEE
CANDbus na kratko

» Komunikacijski protokol:
CSMA/CD

Carrier Sense Multiple Access/Collision Detection (Avoidance)

z NDA

Non-Destructive Arbitration

» Sporocilno orientiran :

ni naslova, vsako sporocilo ima svojo ID stevilko (prioriteta,
vsebina)

potrjevanje (ACK) vsaj enega sprejemalca

VIN —Predavanja © 2024, Trebar, Skraba, Rozman - FRb7
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CANDbus na kratko

» Diferencialni prenos obicajno na parici - Non-Return To Zero (NRZ) in bit-
stuffing.

» Wired — AND povezava: vozlisce z logicno 0 prevlada
0 ..,,dominant®, |I..,recessive")

a 1 a0 1 1 0 1 1 1] a 0 1 1 ] 1

5

Do i na nt Vo lta

CAN Hi
2.5 Recessive Volta
CAN Lo

Do i na nt Valta

[IRY

Driver Lo gic
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CANDbus na kratko

» Prenos podatkov
Format okvirja
Protokol — sporocilno naravnan
Detekcija napake

Nivo Bitov (branje,\,bit stuffing*)
Nivo sporocila (CRG, okvir, ACK napake)

|dentifier Data
A A
~ I ~
th‘ 32 e 6 0-64 « 16 2 « 7
I:L@ Arbitration Control Data CRC Ack End of
e Field Field Field Field Field| Frame
Heo o, N~ fod H 2 _Ix _
32 olzalz , Szelz 2 . L 323
CEEEENRENENEIEENRYANRECCCENNARERRVANNENERVARIEENEONONE
11 bits 18 bits 4 bits | 8N bits (0<N<8) | 15 bits |
Standard Extended CRC
Identifier Identifier LE:;?h 2;;’,,2;2;:
Code Data L

VIN —Prec_.__,_.




"

CANDbus na kratko

» CAN FD
Rezultat trenda potrebe po vecji pasovni Sirini

In-bit-time detection
A

“Free” transmission In-bit-time detection
A A

Zdruzljivs CAN

f

2 izboljsavi : <

AN 4 h

7\ v

Dalj$e podatkovno polje (do 64 bajtov) P10 1 Wbt

Visje bitne hitrosti v podatkovnem bloku

Classical CAN Header

- SOF . Data field (up to 8 byte)
: Arbitration field - CRC field .
: Control field -

- SOF -Control -, ACKfield
- Arbitration field : field e,
- Control field . 8-byte . (IMF)
: " data field .,

- CRC field

SOF Control field
Arbitration field 64-byte data field
Control field CRC field

VIN —Predavanja

h 4 A 4
up to 1 Mbit/s and higher up to 1 Mbit/s

Trailer

- ACK field °

EOF
(IMF)

ACK field
EOF
(IMF)
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CANbus zgodovina
» 1983 : Prvi CANBUS projekt - Bosch
» 1986 : CAN protokol predstavljen (BMWV 850)
» 1987 : Prvi CAN mikrokontrolerji prodani
» 1991 : CAN 2.0A specifikacija objavljena
» 1992 : Mercedes-Benz uporabi CAN omrezje
» 1993 :1SO 11898 standard
» 1995 :I1SO 11898 amandma

» Dandanes : vecina vozil uporablja CANbus, industrijska avtomatika
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" JEE
Uporaba CANBUS-a

» Zasnovan za avtomobilsko industrijo

» Danes: Industrija/medicina

CANBUS Trzni delezi

100%

90%
80% -

70% -

60% -

50% -

40% -
30% -

20% -
10% -

=

Automotive Medical / Industrial

0% -
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Zakaj vodilo ?

Primera povezav brez (levo) in z (desno) CANbus vodilom

i Ant' Engine An“‘
Engine 4 ' C gt I Lock
Control ock ontro
Brakes Brakes Eml
CAN CAN
High Speed Low Speed
CAN CAN
Trans- Active Trans- Active
mission Suspen mission Suspen-
Control sion Control sion

Conventional multi-wire looms CAN bus network

VIN —F lozman - FRI33
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" JJ
CAN (SAE J1939) Primer: Caterpillar 797

VIMS I

(ABL2M) Chassis Control

(ABL2C)

e Braking/Cooling

(ABL2C)

ADEM II
Master j
Xmsn/TC
re (W (ABL2C)
P
I‘ .
[}
[}
(]
[}
]
‘-*- .
ADEMII  ADEMII g
Slave 1 Slave2 RACICLIM Tire
(68K Module) )
Monitor

= CAT Datalink

+ 195 sensors and actuators
+ wireless data link

==== CAN SAE J1939 Datalink
8-18-98
dabiwd
Warmng, Al [Caterpillar]
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Caterpillar exampl

BRAKING/COOLING CONTROL

Mating Connector

Mating Connector
160-7690

QUTPUT COMPONENTS

€

. o . . . . T . e o B

147-1446
INPUT COMPONENTS
112-6160
TCS TEST SWITCH
1440178
LEFT REAR WHEEL SPEED SENSCR @_
144-0178

RIGHT REAR WHEEL SPEED SENSCR

135-2076
AUTO RETARDER COM/OFF SWITCH

1235031
ARC PRESS SWITCH

B5-98858
AETA 4 WAY SCLENCID
3T-0062
AETA PROP
SOLENCID
107-1983107-1384
TCS ACTIVE LAMP

107-1883/1107-1084
RETARDER ON LAMP

122-1134

ARC SUPPLY SOLENCID

155-5088

1533717
RETARDER LEVER
V2455
EMGINE SFEED ‘E
BRAKE COOLING FUMP SPEED .g
1SENSRR
BRAKE OIL FILTER B et

RACIATOR FAN SPEED
BRAKE OIL ACCUM PRESS
SWITCH
128-5001
FOOT BERAKE FRESS 5W
128-5001

ARC CONTROL SOLENCID

150-2136
RADIATOR FAN PUMP SOLENCID

150-5134
BRAKE COOLING PUMP SOLENDID

152-3340

BRAKE SY5 PRESS SW
100-3055
ERAKE CHL TEMP
SENSORS

BN-07S3
FPARK BRAKE ONAOFF SWITCH
CUSTOMER PARK BRAKE
LOCKOUT
2-T7a
FROMNT & REAR BRAKE COOL
FILTER BYPASS W

ERAKE CIL DVERTING SOLERDID

1523340
FARK BRAKE SOLENCID
3E-5238

CIL CODLER FAN
RELAY
1221134

REAR DIFF QIL EYPASS

50-3282

1432170
FH & LH REAR PARK BRAKE
RELEASE PRESS. SENS

BEVELED GEAR LUBE PRESS. SENS.

SX-TTE
BEW GEAR LUBE FILTER BYPASS SW

BX-77E1
FINAL DRV LUBE FILTER BYPASS 5W

128-5852

9X-7781
FAN DRIVE FILTER SW
ECM LOGATION CODE T g—
CAT DATA LINK T —

CAN DATA LINK {far fulure use}

)
%=
gy

[

PUMP CIUTLE'I; EE%IQERV LUBE 3w
RIGHT REAR DIFF LEVEL

AT
LEFT REAR DIFF LEVEL

TS

VIN —Predavanja
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DIFF QIL TEMF
SENSOR

MONITORING (VIMS-II)

Mating Connector

153-3482

Mating Connector

147-1444 147-1445
INPUT COMPOMNENTS COUTPUT COMPONENTS
______ _——— k- _—
3E:TE12 ¢_ ) 19064
STEERING PRESSURE (HIGH) SWITCH BAYLOAD "ON"'JUR LamE
367808 - -
STEERING PRESSURE (LEW) S TEH PAYLOAD MOMITOR LAME
1182808 {RE)
AMBIENT AIR TEMP 1= - 107-2262
SENSOR VIMS SERVICE LAME
141-5728 — (BLUE)
(EYSTEM) BRAKE AIR FRESSURE SENSOR — 107- 1583
VIMS ACTION
156-8650 LAMP
AFTERCOOL WATER GO-OLANT LEVEL SENSOR 286328
1582830 : VIMG ACTION ALARM
JACKET WATER COOLANT LEVEL SENSOR | ET-4434
180208 1 p———u] AUTO LUBE
STEERING GIL LEVEL l:l:ﬂ:]]]]— SOLENGID
SERGRES
STEERING OIL TEMS [ 1585022
SEME - ’
Pl gm||  FOUR GASE CLUSTER W2 LIGHTS

RIGHT FROMT STRUT PRESSURE

LEFT FROMT STRUT PRESSURE
RN

RIGHT REAR STRUT PRESSURE
SENR

LEFT REAR STRUT PRESSURE
SEMNSOR
102-1800
AUTOLUBE PRESSURE SENSOR
1284325
FUEL LEVEL
SENSOR
SN-1851
DIAGNCSTIC CONNECTOR (ECAR,
ET. FLAEH)

BG-3T60
TELEMETRY DOWHLOAD PORT
B0-3374
CAB SERIAL DOWNLOAD PORT
ECH LOCATION CODE
CAN DATA LINK (for fubure uss)

ALTERMATOR #1 R-TERMIMAL

G455
WIMSE KEYPAD WILIGHT

147-13907
DIMMER SWITCH

143-E5E7
RACICLIM

165-2528
TIRE MONITOR (fubure)

-BasT
SPEEDITACH CLUSTER WZ LIGHTS

U543
WIMS MESSAGE CENTER W2 LIZHTS
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Caterpillar exam

797 - TRANSMISSION CONTROL

143-2053

Mating Connector
147-1446

Mating Connector
160-7820

Input Components

§Y-2455
Engine Spd Sensor

150-8184
Xmsn Input Spd Sensor

1
1
I e
1
1
' i
|
: V.2455
| Xmsn Intermediate Spd Sensor
I o termrss -
1

1

1

¥msn Output Spd Sensor #1

150-3164
¥msn Output Spd Sensor #2

118-7226
Xmsn Oil Temp Sensor

100-4311
¥msn Latching Pres Sensor

158-3279
Xmen Lube il Pres Sensor

Bx-77E1
#msn Charge Filter Bypass Sw

123-2003
Xmen Ol Level Sw

Customer Xmsn Lockout

0X-7781
TC Indet Filter Pres Sw

9X-77E1
TC Sereen Pres Sw

118-7226
TG Cil Temp Sensor

110-7887
Hey Start, OFf, On

Shift Lever Command In
ECM Location Code

CAT Data Link

Output Components

114-4380
Xmen Solenoid #1

114-4380
Xmen Solanoid #2

114-4380
¥Xmsn Solencid #3

114-4380
Xmen Solenoid #4

114-4380
¥Xmen Solencid #5

114-4380
Xmen Solenoid #5

114-4380
¥men Solencid &7

142-7324
114-6202 (atch)
Xmen Latch Solenoid

R,
¥men 2-5tage Relief Sol

114-4380
TC Lockup Clutch Sclencid

CAM Diata Link (for future use)

smission usd
B-7-88

e e

VIN —Predavanja

€

CHASSIS CONTROL

Mating Connector
147-1446

INPFUT COMPONENTS

106-0178
HOIST PRES SENSCR

Mating Connector
160-7690

QUTPUT COMPONENTS

1
(M)
HOIST PRES SENSOR

e

112-5874
HOIST CT HEAD PROP SOLENOCID

112-5674
HOIST PC HEAD PROP SOLENOID

HOIST LEVER POS
SENSOR

137-7601

112-5874
HOIST CT ROD PROP SOLENOID

HOIST BODY POS
SENSOR

150-0749

112-5874
HOIST PC HEAD PROP SOLENOID

HOIST SCREEN PRES S5W 1

126-7896
XMSN CANE LEVER POS SENSOR

110-7887
KEY
START OFF,ON

SHIFT LEVER COMMAND OUT

112-5874
HOIST PUMP BYPASS SOLENOID 1

112-5874
HOIST PUMP BYPASS SCLENQID 2

TT-0753
HOIST PILOT ON/OFF SOL

5T-4434
AIR START SOL

3E-5239

ECM LOCATION CODE

CAT DATA LINK

CAN DATA LINK {for future use)

ALTERNATOR #2 R-TERMINAL

BACKUP ALARMILIGHTS
RELAY
3E-5239
ACCUMLATORS BLEED
RELAY

107-1983

BODYUP DASH LAMP
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“SAE Standard Workload” (53 messages) V/C = Vehicle Controller

Signal Signal Size J T Periodic D From To

Number Description /bits | /ms | /ms | /Sporadic| /ms

1 Traction Battery Voltage 8| 06| 100.0 P | 100.0 | Battery | V/C
2 Traction Battery Current 8| 0.7] 100.0 P| 100.0| Battery | V/C
3 Traction Battery Temp, Average 8 | 1.0 | 1000.0 P | 1000.0 | Battery | V/C
4 Auxiliary Battery Voltage 8| 0.8 100.0 P | 100.0 | Battery | V/C
5 Traction Battery Temp, Max. 8| 1.1 | 1000.0 P | 1000.0 | Battery | V/C
6 Auxiliary Battery Current 8| 09 100.0 P 100.0 | Battery | V/C
7 Accelerator Position 8| 0.1 5.0 P 5.0 | Driver V/C
B Brake Pressure, Master Cylinder 8| 01 5.0 P 5.0 | Brakes | V/C
9 Brake Pressure, Line 8| 0.2 5.0 P 5.0 | Brakes | V/C
10 Transaxle Lubrication Pressure 8| 0.2 100.0 P| 100.0] Trans V/C
11 Transaction Clutch Line Pressure 81 0.1 5.0 P 5.0| Trans V/C
12 Vehicle Speed 8| 04| 100.0 P| 100.0 | Brakes | V/C
13 Traction Battery Ground Fault 1] 1.2]1000.0 P | 1000.0 | Battery | V/C
14 Hi&Lo Contactor Open/Close 4| 0.1 50.0 S 5.0 | Battery | V/C
15 Key Switch Run 1] 0.2 50.0 S 20.0 | Driver V/C
16 Key Switch Start 1] 0.3 50.0 S 20.0 | Driver V/C
17 Accelerator Switch 2| 04 50.0 S 20.0 | Driver V/C
18 Brake Switch 1| 0.3 20.0 S 20.0 | Brakes | V/C
19 Emergency Brake 1] 05 50.0 S 20.0 | Driver V/C
20 Shift Lever (PRNDL) 3| 06 50.0 S 20.0 | Driver V/C
21 Motor/Trans Over Temperature 21 0.3 1000.0 P | 1000.0 | Trans V/C
22 Speed Control 3| 0.7 50.0 S 20.0 | Driver V/C
23 12V Power Ack Vehicle Control 1| 0.2 50.0 S 20.0 | Battery | V/C
24 12V Power Ack Inverter 1] 0.3 50.0 S 20.0 | Battery | V/C
25 12V Power Ack I/M Contr. 1| 0.4 50.0 S 20.0 | Battery | V/C
26 Brake Mode (Parallel/Split) 1] 0.8 50.0 S 20.0 | Driver V/C
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"
CANBUS in OSI Model

» CAN je zaprto omrezje
ni potrebe po varnosti, sejah in prijavah
ni zahtev po uporabniski izkusniji.

» Fizicni in podatkovni nivoji:

Microcontroller 1 Microcontroller 2
Application l Application
Data Link Data Link
Physical T Physical
CAN Bus
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"
Sporocilno orientiran protokol

v

Vsako vozlis¢e — sprejemnik in oddajnik

v

Posiljatelj posilja sporocilo vsem ostalim

» Vsa vozlisca berejo sporocilo in se odlocajo, ali je za njih pomembno.

v

Vsa vozlisca potrdijo sprejem brez napak (ne vemo, katero je potrdilo)

Important message
from the wheel speed sensor!
Wheel speed is 100 RPM
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" JEE
CANbDbus napetostni nivoii ISO-IS 11898

*Recesivni bit:
* obe liniji na priblizno 2.5V
* diferencialna napetost CAN_H in CAN_L =0V

*Dominantni bit:
* CAN_H na pribl. 3.5V in CAN_L pribl. .5V
* diferencialna napetost CAN_H in CAN_L =2V

VIN —Predavanja © 2024, Trebar, Skraba, Rozman - FRI

40



"
Format sporocila

» Vsako sporocilo ima ID, podatke in dodatke

» ID - 11 ali 29 bitov
» Data - do 8 bajtov
» Dodatki - start (SOF), CRC,ACK, end (EOF)
|dentifier Data
A A
f " ~
> 32 R ) 0-64 ) 16 <2, 7
L*I_CE Arbitration Control Data CRC Ack End of
e Field Field Field Field Field| Frame
= e oy, |~ o & 3 I
© — || —
ES 9%99 Y/ SEEEEI EI y/i Y/ 8(&:)8
0 1|1 // 0[0[0 / VARRRERRERE
I/ 17 77
11 bits ) 18 bits | 4 bits | , 8N bits (0=N<8) | 15 bits |
Standard Extended CRC
\dentifier Identifier Data 0to 8 Bytes

Length of Message
Code Data
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. Field Name Bit Description

Length
SOF 1 Start of frame
|dentifier 11/29; Represents the message

~ o
Format sporocila S e
standard CAN and extended
CAN; 12 or 32 bits for CAN-FD)
Remote transmission request

RTR (blue)

CAN vs. RS-485: Why CAN Is on the Move o TRt e o

expansion

DLC (yellow) |4/8/9 Code for number of data bytes
(4-bit for standard CAN; 8 or 9
bits for CAN-FD)

—

By Robert Gee, Executive Business Manager, Core Products Group, Maxim Integrated

Data Field 0-64 Data to be transmitted
(red) (0-8 (0-8 bytes for standard CAN;
bytes); 0-64 bytes for CAN-FD)
0-512
(0-64
bytes)
CRC 15 Cyclic redundancy check
CRC Delimiter |1 Assigned recessive (1)
ACK slot 1 Dominant bit if error-free
message;
recessive to discard errant
message
ACK Delimiter |1 Acknowledgement delimiter
EOF 7 End of frame

Table 1. CAN Message Data-Frame Format

COMPLETE CAN FRAME >
M ARBITRATION FIELD ——»{e«— CONTROL —»j«——— DATA - CRCFIELD > - = |« END OF FRAME >
E £
g: 1n :lg «—— [ —»a——— g - 15 :E 3 3
o o Hlo 2
w S|l= n s|@ o
: e . 2|5 2
N M o — [a)
fooencuznassfE o C0Bo0BUBLBI000BIIEE|eLEeREgarg
hHleodooooooaoaoalg|e @la 6566086558585 85|2 IR 2222332 [(L a2
DATA
0 0] (0][0] (0] 1 Ol 1{o[o[o(ooofO1 IO |1 1T {1 1|11
CAN
HI
CAN
LO

Figure 4. CAN Message Data-Frame Format



"
Arbitraza (NDA- Non-Destructive Arbitration)

Arbitraza — potrebna, ko vec vozlis¢ poskusi oddajati hkrati

v

» Do konca sporocila lahko oddaja samo eden naenkrat

v

Vozlisca berejo vodilo in oddajajo samo v trenutkih neaktivnosti

v

Vozlisca z ,,visjo* ID prioriteto nato nadaljujejo z oddajo.

Impo...
Oops, excuse me!

Critical message
from the engine!
Oil Pressure is 5 PSI

ngine ‘0‘0’\'\\1\‘0‘0‘1

Contro ~
“Critical Messa@e/ En, in'z 196”
1 9 E
Wheel ‘ofo[1][1]0]0] 104

0
Speed “Important Message / Wheel Speed = 19E”
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"
Arbitraza (Non-Destructive Arbitration)

» Pomembnost sporocila je dolocena z IDjem

nizja vrednost = visja pomembnost
» Vodilo:

“0” (dominantni bit) na vodilu prevlada nad

(‘I”

(recesivni bit) na vodilu

» Ce naprava:
odda “l” in bere “0” —> izguba artbitraze
odda in bere enako —> nadaljuje z oddajo
1 o [T

Frging o[o[1]1]o[o[1Tof1]1]o
Contro 1

| | | |
“Critical Message / En?r?in‘i =196”

1 9 | E
0joj1]/1]0]0[1/1

Wheel
Speed

0

“Important Message / Wheel Speed = 19E”

]
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"
Wired AND vezava

Stanje “0” (dominantno stanje) na vodilu

prevlada

“I”

ostala stanja (recesivno stanje) na vodilu.

Bus State: recessive (High) Ij Bus State: dc;ﬂiﬂam (Low)

5V 5V

CAN-Bus ] L 1 CAN-Bus
(single logical (single logical

H l L L
bus line) bus line)

0
] <——t

recessive —
0
A
recessive —
dominant =

)
]

recessive —
recessive —

recessive —

Mode A MNaode B MNode C Node A Node B Mode C
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"
Primer arbitraze - CSMA/CA NDA

CSMA/CD NDA - Carrier Sense Multiple

Access/Collision Avoidance by Non Destructive
Arbitration
Node X

Node A F 8
MNode B F Y
Node C

Startyldentifier Field
Node A ——Bit

Mode B ——
1 Eemainder Node C

mm Arbitration
phase

Transmit CAN Bus——
Request

MNode B loses Arbitration
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Osciloskop: primer CANbus komunikacije

www.ti.com The CAN Bus
Tek j 2. '-T.HM'H;'Q 4 Ar‘qq
[T 'l
CAN 'qu
pos “‘W WMF me MMMU
A e ety """-'-"‘”'r""""""""" VA=t Tin
MN\WNLHI NM\Ju\*-
Data 5y |
‘ ACKbn - S
Node B . UI\M(I
Data -,/ - “
~ ACK bit Node C wins arbitration 1
= M-Mw—-ﬂkil R e i P 4 st w"l,u :
Node C FWH\J IIILFJII’F
Data
4o} : : :
S 201 113 P o) L '5" ' M200|.15 CRE 3 E
ch2 5S.00V Cha 5.

Figure 8. CAN Bus Traffic



" JE
CANBUS - Hitrost komunikacije in razdalja

» Do | Mbit/sec.
» Standardne hitrosti: | MHz, 500 KHz and 125 KHz
» Max length: do 5000m, odvisno od:

» hitrosti ;

1000

» lastnosti povezav

. v 500
»  zakljucitve, vrsta kabla,

c]

topologije, moten;, ... g 200

100——

Bit Rate [kBit/s:

20 —

10

| | [ |

! | I

10 20 50 100 200 500 1000 2000 5000 m
30 60 150 300 600 1500 3000 6000 15000 ft

VIN —Predavanja 48 © 2024, Trebar, Skraba, Rozman - FRI



"
Moznosti realizacije

Node A Node n

Application @
el 17 eg.
Host-Controller 80C166 : C1 67CR:
| or c5156
CAN-Controller 81C9x 1| CAN |

CAN-Transceiver

120 CAN_H

120
CAN-Bus Ohm

Ohm
40m/ 130 ft

@ 1 Mbps
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" SN Sistem vgrajen v

/
CANbus v praksi INTEGRA BM SYSTEM  zgradbo FRI !

Industrial & Building Automation

High level network
(Ethernet, A-Bus,
Modbus)

CyBro controller

Low level network
(Canbus)

Dodatki (tipala, daljinci, =2

) Ry : ,/ e \
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" Primer priporocil:

INTEGRA BM SYSTEM DolZina, hitrost in topologije
Bus length

Regarding bus length, two points must be considered:

1. Voltage drop

. . . Secondary power suppl
Wire resistance cause voltage drop, which depends of YP el

cable length, wire diameter and power consumption. Cable B {1+ +H{+H1{] coobp
must be selected to ensure each module have at least the 2V 2sv ey 2V AV 2V 2y 2V

. ified vol B —{H{] [ ] BAD
minimum SPECIfle vo tage' 24V 23V 22V 21V 19V 18V 17V
2. Signal delay

Network topology

Communication speed is limited with propagation time and
bus topology. With default 100kbps baudrate, 100m is safe
without restrictions. For a longer distance, cable must be

connected in a line (without trunks) and properly terminated. FREE
Speed\Topology FREE LINE

100kbps 100m 300m ({1 H{H1{] une
50kbps 200m 500m

20kbps 500m 1000m
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INTEGRA BM SYSTEM

IEX protocol

(nadgradnja CANBUS)
IEX PROTOCOL v2.8

Microcontroller 1

Microcontroller 2

Application

Data Link

Physical

kOIa 3- niV0—> Application
Data Link
Physical
CAN Bus

POVZETEK

General

IEX-2 is based on CAN 2.0B. Message format is defined as follows:

id.28 id.0
b28|b27|b26|b25|b24|b23|b22|b21|b20|b19 b2 | b1 | b0

command

-

-l

network address

(8 bit)

Commahd summary

b28 b27 b26 b25 b24 b23 b22 b21

class |

dir

-

Lt ]
\(:omman

|
arg

;
\ |

\

(21 bit)

data ‘CRCh
(0-8 bytes)

NAD - unikatni naslov IEX modula

0000
0001
0010
IX_DATA 0011 1 xxx_| data(1..4) binary inputs 070-07Exxoooh
QX_DATA 0 xxx_ | data(1..4) binary outputs 060-06Exxoxxh
0100
0101
0110
IW_DATA 0111 1 xxx | data(2..8) analog inputs OF0-0F Exxxxxh
QW _DATA 0 xxx | data(2..8) analog outputs 0EO0-OEExxxxxh
[ BAUDSYNC 1111 | 1 | [ 111 | - | autobaud sync msg | 1FFFFFFFh |

© 2024, Trebar, Skraba, Rozman - FRI




"
INTEGRA BM SYSTEM
Cabling topology & Termination

1) Total IEX-2 bus length <100m

1
E E om I_I 10m 20m D

CYBRO 2 5m
Total line length: 95m 1
no termination neccessary Om

2) 100m< Total IEX-2 bus length <200m

. 20m

CYBRO-2
1200hm internal

Total line length: 180m

Primer priporocil: topologija in

zakljucevanje

. Controller
|:| Expansion module

— |EX-2 cable

Termination

GND

CANL

CANH
R +24V

3 segments of 60m, terminated

M ] |j2400hm
E ,_I
10m 20m

om D E] 2400hm

(1200hm™+2400hm ™ +2400hm)'=600hm

3) 200m < Total IEX-2 bus length <300m

. 1 —
20m 40m L

CYBRO-2
1200hm internal

Total line length: 250m

single line, terminated

VIN —Predavanja
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'_ :
: - Primer centralnega
Centralni krmilnik krmilnika

CYbI'O-Q 1 -GND
2 - CANL
3 - CANH
4 - +24V

Ethernet
port 2 x RS-232 CAN
interface
Core Digital and analog
Modular /O Communication
Block and status LED
signalization

Retentive and

230V AC or permanent EEPROM
Removable

24V DC memory
connectors
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Primeri IEX MODULE -
modulov FC
) =X

FC

fan coil module

Digital outputs Digital outputs

SPECIEICATIONS: Hot and cold water va/ve\\\\\\ / / / / / Three speeds fan

1 x digital input O

5 x relay output ????ﬁ 52 ?3;333 z 2

2 x input temperature $£8580 5858887

measurement % 2 g 5 2

24V DC power supply O E 5 5 E 5 o

consumption: 110mA =l g=4
2

MECHANIC: .2 538 3233

. X 0

field mountable S1e [erere] ﬁ

TYPE: 7 | —_—— T t

FC-FB Window switch// \ IEX-2 compattble device

Digital input External temperature sensors ES or ES-W
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Primeri IEX MODULE
modulov

230V AC

IEX bus
+24V

CANH 1
CANL
GND

-

Outgoing cable

Window switch _»
o o u@ o

S5t 287 £

a3

nm
§¥gses gaegil

(=] l I.O
oo . GND —_—
o) CANL - ]
R e CANH L;o\dl wJ |
ool +24V v
Lhot | %J |
|
L fs3 ! |
CAN| - ( M |
L fs1 | |
Incoming cable N -
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'_
Primeri

IEX MODULE Bio-

modulov
Wiring diagram

+24V

ov

power supplv—‘

L@ |

|

|

[}

ARG

X0 08 K1 X2 CT I3 IX4 CBIXS X6 Co X7

1¥8 C10 X8 R0 CH1 XN

19 20 21 2 3 M 25 % 27 @ 9 30

LI R

PR
Systam .

Bio-24T

1212 digial inpuisioulpuls

X!

2

E I |

5

E T

B 9 0 1 12

13 14 15 16 17 18

QXD C1 QX1 QX2 C1 QX3 OX4 C2 QX5 QB C3 07

QX3 C4 OXa 010 G5 aX1i

=

W)

5

o

=

§ & @? va

+24V

Bio-24T

IEX-2 module

12 opto-isolated PNP transistor
outputs 1A

12 opto-coupler inputs 24V

PRXYN
(2]
b
=
=

-+2av Xi ) ¢ 1-GND
- GANH ;zl 10 ‘ 2-CANL
- &= ). . 3-CANH
- GND Bio-24R 4. e2aV

A

Figure 3: IEX-2 input and output ports.

ov

power supply © 2024, Trebar, Skraba, Rozman - FRI



'_—

rimeri
modulov IEX MODULE SW- SW-L

Digital inputs: connectors for SWI[;FES ————————— [EX-2 module
4 switches

4 LED illuminations

Designed for Legrand, Bticino and

TEM switches

/
i,

Digital outputs: led diodes
Conneclor on backside) g 4

IEX-2 compatible davice

IX (8 digital inputs) for connecting 4 switches
Current 2.5mANM2Y
QX (4 digital outputs)
Led illumination 3mm red led-diodes
Power supply 24V DC (18..26V DC), over IEX-2 bus
Power consumption 40mA
Mounting 2 x switch: flush box (diameter 60mm, depth 55mm), in wall

3 x switch: flush box (size 95x58mm, depth 49mm), in wall
4 x switch: flush box (size 120x58mm, depth 49mm), in wall
Dimensions B9x44x38mm
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Primer IDE CYPRO - SOFTWARE
CyPro IDE L

& CyPro v2.7.6 - C:\Users\R\Documents\Sluzba\Vaje\VIN_Vh_lzh_naprave\VIN_2016_17\Vaje\13 Labvaja LV5_Canbus\VIN_vaje.cyp
- File Edit View Project Program Tools Window Help

O0BVO0O0 ® © OO VOO0

-~ New Open Save Print Cut Copy Paste Environment | Configuration - Hardware Allocation Masks  Sockets - Send  Monitor  Start Stop
Project Tree F= | Local Allocation
E‘" Fraject: YIN_vaje.cyp Mame Type Attributes Description
Program: Mew Program
-8l Hardware Online Monitor
:;4;;:;3 [ +x A-t + E (5 ) 0w} ik Moniodl  + « =
ST: function main:void: History
@ Drezcription
bio00_ix00 bit 0 Dec
— | bin00_j=01 bit 0 Dec
bin00_qw00 bt 0 Dec e
NesiiiooramgsliEfunctionlman bioD0_q0 bit 0pe | M
bio00_q=02 bit 0 Dec
w0 =01 bit 0 Dec

if fpi{clock_18s) then
bioB8 _qxB88 = *bioB@_qx08 ;
end_if ;

bioB8_gx81 := tbio08 qxB80 ;

if fp(bioB@_ix8@) then
bioB8 _qxB82 = *bioB@_qx02 ;
end_if ;

if fp(swBB_ix@1) then
bioB8 _qxB88 = *bioB@_qx08 ;
end_if ;

if fp(clock_18ms) then
bioB@ qx82 := tbioB8_qxB2 :
end_if ;

Speed: 1 50ms [16s tatal)




CANDbus v praksi
Tinia — prijazen dom
Kratek opis

Search

daccesscode  UNFTITy

[ ——
Tiniat Someone entere

L -
finia_engine L@loucﬂa‘i
| pria0.2011 1883

What's happening?

TBS — ,,Tinia Building Server”:

Nadzor,upravljanje in
vizualizacija delovanja prijaznega Timeline . @Wenions  Ratmects - Sopenes . |
Searches ists

doma.

tiniahouse tiniahouse
Ath‘IZPMSOmEOrEEY ere ce: & Tor main entr,
W ed acces
. o e S code for ma entrance. Yours

£:22 PM, somenn
Lhots are attac

ely, VY

At
snapshot
Yours sincer

tiniahouse 1 o
t4:41 PM Some access code for maj entrance. Yours

A 0ne entered acce. d t

sincerely, Your Tinja Smart Home "

* majhen, varcen, tih (5W)

*  povezuje zgradbo in pametno
mesto

* informiranje, povratnainf.
*pametni telefoni, tablice
*splet, soc.omrezja

*  programiranje s pravili,vti¢niki

;in;ahouse finizhouse

£3:31 PN Some

4 0 One entered acces

;”?mere‘y Your ooy S 3 code for main entrance. Yours

;iniahouse tiniahouse
t6:22 PM Some
, One entered access for
:@;greiy Your T o . S code for main entrance Yours

° povezava s soc.omrezjl
H tiniahouse ina10,0
*Twitter,FaceBook AB20 Pis S ertreg
g lo sincerely ) ed access code for main ent) Ve Ter"PErﬁtu .
Testni blog za House blog Ginoe o T Smart Home. e Yours insige do6gec
P gl ;';',"Perature ;
- iiar-dav. i e 5
68.0 1-‘cgi»bin:rrd-EQ'.-""”W“e—StatS”ho‘]er gy = y d255
{imglhtep://192.168.8-%/ ) g
HVAC Boiler Temperatyre
Outside d14qec
7 Humidity Living .,
5 $H5159
4
) Humidity ¢
- allery ““ASG
3%
House 2.6 °¢

. cur: 42.9° ' - Min \
_ ] @ cellar cur: 13.9°C  Avel MLE o ONo data | e __ 1=
@ Outdoor Temp festing W Door O watercirc
[ Hea v
2024, Trebar, Skraba, Contart a

[ getpoint
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Podatki

RS 232

PrezraCevanje s povratkom
toplote (rekuperacija)

VKlop/Izklop, L
Kontrola pretoka

VIN —Predavanja

primeri izvedbe nadzora in vizualizacije:

Ogrevanje, prezracevanje

Primer zimskega dneva — COP toplotne Crpalke :

HVAC HeatPump COP g
4.0 X [
COP Toplotna Moc¢
— =
3.0 = - < &
o Elektricna Mo¢
8 =20 3
i
1.0
8.0
18 28 22 ] 2 4 [ 8 w® 12 14 18 18 28 22
W Heating Boiler Last: ©.8 Avg: 1.5 Min: 0.0 Max 1.9
[ Heating House Last: ©.7 Avg: 3.3 Min: 0.8 Max: 3.7
» Tinimhom= 2011. ALl rights reserved. Unauthorised use prohibited.

Filter Indikator —,

Primer zimskega dneva — ucinkovitost rekuperacije

108
BO
[=10]
40

HVAC Ventilation Efficiency

HIHIIF0 1801 F 00LTLY

“C or Effs10 [%]

20

[¢]

18 20

O ventilation ON
M Eff/10 Level 1
M Eff/10 Level 2
Temperatures

O Outdoor M@ Indoor

22 @ 2 4 & =} 1@ 12 14 1& 18 20 22

Cur: 24,0% Avg: B89, 0% Min: 15.8% Max: S98.7%
Cur: nans Avg: nan% Min: nan% Max: nan%s
W AIR Intake M AIR Exhaust [O Mo data

» Tinimhom= 2011. ALl rights reserved. Unauthorised use prohibited.

Svez zrak temp.- Zunanji zrak temp.

EFF.~ [%6]

|zEz&rparak temp.- Zunanji zrak temp.

© 2024, Trebar, Skraba, Rozman - FRI



cni primeri izvedbe nadzora in vizualizacije:

Zalivanje (vrt, zelenica, ribnik)

Primer poletnega dne - Zalivanje

Zalivanje Irrigation Sprinklers' Activity
(vrt, zelenica, ribnik) 1.0 -
[ray a.8
o
S -
| =
S .. tok S a4
1 enzorjl preto g I
i
0.0 |
‘ 20 22 2] 2 4 [ 8 e 12 14 18 18 20 22 ]
Y O Grass South Last: 0.0 Avg: 0.0 Min: 0.0 Max: 1.0
0 Grass West Last: 0.0 Avg: 0.0 Min: 0.0 Max: 1.0
VKklop/Izklop
O Grass East Last: 0.0 Avg: 0.0 Min: 0.0 Max: 1.0
O Grass Morth Last: 0.0 Avg: 0.0 Min: 0.0 Max: 1.0
W Garden __ Last: ©.0 Avg: 0.0 Min: 0.0 Max: 1.0
W Pond Last: 0.0 Avg: 0.0 Min: 0.0 Max: 1.0

VIN —Predavanja © 2024, Trebar, Skraba, Rozman - FRI



i primer nadzora in vizualizacije:
Tipala

Zaznave gibanja v hiSi - primer

Motions ]
= P
g 4.0
- el j Lo
T L Y L S Lﬁm'.h o H Ll 5
@ | ES
c 10 n
5 ]
L e
=]
° a0
18 20 22 ] 2 4 ] 8 10 12 14 16 18 28 22
Upper| M Gallery M Tim @ Nia
Lower| B Living O Seating O office O Lobby E Toilet W Utility
O Kurilnica
COuter| M Carport M Entrance M Kurilnica M Office @ Porch
Lower Motions Cur: 0.0 Avg: 0.5 Min: 0.0 Max: 3.1
Upper Motions Cur: 0.0 Avg: 0.1 Min: 0.0 Max: 2.0
Outer Motions Cur: nan Avg: nan Min: nan Max: nan
» Tinimhome 2011. ALL right= reserved. Unautherized use prohibited.
Brightnesses 2
. . . 100 2
Meritve zveznih vrednosti - 4
£om .
n B
o &0
£ - B 40 ‘ z
s, / © &
=~ g om
m
! f |
s - 0

12 14 16 18 20 22 1] 2 4 3 g 10
W Lliving Cur: 73.2% Avg: 44.2%  Min: 0.0% Max: B5 0%
B Kitchen  Cur: 77.3%  Avg: 38.5%  Min: O.0%  Max: 85.0%
O Utility Cur: 46.8%  Avg: 23.2%  Min: 0.0%  Max: 54.3%
@ Gallery Cur: 85.0%  Avg: 43.2%  Min: O.0%  Max: 85.0%

3 Tinishome 2011. ALl rights reserved. Unauthoriszed use prohibited.

Temperatura, vlaga

Temperatures,Humidities

degrees *C/Humidity %

-]
18 20 22 [ 2 4 6 ] 10 12 14 16 18 20 22
M Humid-Living Cur: S5.2% Avg: S4.7%  Min: 50.1% Max: S7.9%
@ Humid-Gallery Cur: 60.5% Avg: 59.8% Min: 57.2% Max: 62.8%
W Tenp.-Living Cur: 22.7°C Avg: 22.6°C Min: 22,2°C  Max: 23.3°C
B Tenp.-Gallery Cur: 21.2°C  Avg: 21.3°C  Min: 20.5°C Max: 25.4°C
B Temp. -Outdoor Cur: 10.3°C  Avg: 10.9°C  Min: 7.4°C Max: 18.6°C

75
1
)
\\
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akticni primer nadzora in vizualizacije:

Osvetlitev (aktuatoriji)

»[_uCi se upravljajo v skupinah
Vklop/lzklop in zvezna regulacija

razsvetljave =Obicajno krmiljena s pomocjo scen in zaznavanje osvetljenosti:
«Vklop/Izklop BIO-24R in BIO-24T =Staticne scene — npr. : Prehrana,Obisk, Romantika, TV, Branje,Relaksacija, ...
«Zvezna regulacija s pomojo DAL =Dogodkovne scene: Ko se vklopi TV, nastavi bliznjo lu¢ na 20%.

balastov - Cybrotech modul LC-D
»ZmanjSevanje porabe :
=Casovne luéi (izklopi po dolodenem &asu odsotnosti)
=VVklopi lu¢ samo, ko je to res potrebno (trenutna osvetljenost)
Zvezna =Nastavi zvezne lu¢i samo na potrebno stopnjo (glede na osvetljenost)

regulacijgy &~

T Py
o

Primer meritev osvetljenosti in nadzora porabe el. energije
(glavni porabnik el. energije so posebej izpostavljeni)

Brightnesses Electricity Consumption
100
- 4.0k
o
- 30k
v "
—— 1 +
B @ B 20k
T om E
. | 1.0k __\_’J—'_'_‘_‘—'j_‘—_
]
12 14 1 18 2 2 0 2 4 o
ILiving Cur: 73.2Z%  Avg: 44.%  Min: 0.0%  Max: B5.0% 12 14 16 18 2 2 9 3 4 5 g 18
B Kitchen Cur: 77.3% Avg: 38.5% Min: 0O.0% Max: 85.0% :
Dutility Cur: 46.8% Avg: 23.%%  Min: 0.0%  Max: S4.3% B Power Cur:589.5 W  Avg:B93.9W  Min:455.1 W Max:3845.1 W
W Gallery Cur: 85.8%  Avg: 43.2%  Min: 0.0% Max: 85.0% OBoiler OHeating O Water Pump O Pond Stream

VIN —Predavanja
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kticni primer nadzora in vizualizacije:

Pasivno ogrevanje/hlajenje...

»StreSna okna z roletami :
=severna, obicajno:
=Odprta v toplem vremenu za boljSo osvetlitev
=Zaprta v hladnem vremenu za ohranjanje toplote
juzna, obiCajno:
=Odprta v hladnem, sonénem vremenu za pasivno ogrevanje (zima, pomlad)
=Zaprta v vroem vremenu proti pregrevanju (poletje)

(poletje)

zima
*Rolete: med 0% - 1003 (zima)

(0% odprte, 100% zapyte)

«Zaluzije imajo stanja :
Zaprto(100%), Senceno(75%),
Odprto(50%), Solarno pasivno
(25%), Dvignjeno(0%).

=Zaluzije:
=Sencene ali zaprte ob izrazitem sonénem vremenu poleti
*Odprte v “solarni” poziciji ob sonénih dnevih pozimi

=Motorizirana okna (s komarniki) :

*Motorizirana okna: =Odprta v poletnih noéeh za pasivno ohlajanje

Vklop/lzklop

0-100% Primer stanj rolet in temperatur v son¢nem zimskem dnevu:

Velux Shutters

Temperatures,Humidities

)
=)
o
o 100 e T e
¥ T g
© || B
3 - ‘ — .—I = 40
A | | | (7]
c Hi o~ —
I} o —_ I N e, S S N B
3 = —— =
& ¥ e
= 18 20 22 4] 2 4 [ g 1e 12 14 1le 18 20 22
-168 W Humid-Living Cur: 55.2% Avg: 54.7% Min: 50.1% Max: 57.%%
20 2 0 2 4 3 g8 10 12 14 18 1.8 20 22 @ O Humid-Gallery Cur: 60.5% Avg: 58.8% Min: 57.2% Max: 62.8%
Ehorth Cur: 0.8 Avg: 44.3%  Min: 0.0%  Max:100.0% W Temp. -Living Cur: 22.7°C Avg: 22.6°C Min: 22.2°C Max: 23.3°C
\ \ 80 ) O Temp. -Gallery Cur: 21.2°C  Awg: 21.3°C  Min: 20.5°C  Max: 25.4°C
Wsouth Cur: 50.66 Avg: 72.8  Min: 50.0¢  Max:100.0% W Temp. - Outdoor Cur: 10.3°C  Avg: 10.8°C  Min: 7.4°C  Max: 18.6°C




" JEE
Lab. vaja — meritve CANBUS

lIzmerite stanje na vodilu pri :

- Razlicnih zakljucitvah na koncu vodila
Odprte sponke, 500o0hm, zakljucitev (107o0hm)

- Dveh razlicnih bitnih hitrostih (500kb/s, 100kb/s)

VIN —Predavanja © 2024, Trebar, Skraba, Rozman - FRI



" JE
Lab. vaja — kontrolni program

- Vet £ Perindic tasks
istory EH if fpiclock 18s5) then
e bioBB qx82 := *bioBd _qxB2 ; /f Red LED ewvery 18 secs
Bin0_ix00 e LT -
o end_if ;
bia00_i=01 -
1 bio00_g«00
bio00_qg=01 if fpiclock_1s) then
| bio00_qu02 bioB@ qx81 := tbioBd gx81 ; f£f Red LED every 1 sec
bia01 _ix00 bioB1 qx81 := tbioB1 gx81 ; f/f Red LED every 1 sec
bio1_i=01 end if ;
bio1_ix02

bial1_i«03 if fpiclock 18ms) then
1L T O A R | i1 _ 400 bioW1_qx88 := *bioB1_qx88 ; // Red LED  every 10 nsec

(e S e e Y e s Y N e Y R O ==L - 1) end_if ;
bio01_qul2 ) . )
sihﬁﬁgz if fp(bioBB ixB@ then
Il LML - bioB8 qxB2 := *hioB@ qxB2 ; /f Red LED on keypress
w00 _ix03 s
end_if ;
awl0_gw«00 —
L L awi0_gw«
L I7]1 swl0_gx02 /7 SU Switch > LED indicator & ventilator
sl g03  suBB_qx83 :- swBe_ix63;

bio88_qx0A = suBf_ix83;
swid gxB1 = swdd ix92; Zf SW Key -> LED indicator
if fp(swAd_ixB2) then

Sswhl gx62 := tsuBd que2 ; /¢ SW Key -»> change LED indicator
end if ;

VIN —Predavanja © 2024, Trebar, Skraba, Rozman - FRI



" JEE
Lab. vaja — meritve

500kb/s:

Odprte sponke 5000hm 1070hm

RIGOL ] 2.7a)  RIGOL

.............................................. — w S LTI P )

Bl Time 1.868us CHiz SEEml)

3 zavitki UTP kabla s spojniki — cca 40m...
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" JEE
Lab. vaja - meritve

| 00kb/s:

Odprte sponke 5000hm 1070hm

RIGOL 1.220  RIGOL 1.220  RIGOL

................. — w S LTI P ) B -

CH1z= SE@m.) C Time

3 zavitki UTP kabla s spojniki — cca 40m...

VIN —Predavanja © 2024, Trebar, Skraba, Rozman - FRI



Lab. vaja — primerjava hitrosti

S500kb/s:

Cdprte sponke
F B z.me) RIGOL
Curf: 4.46U
1.88U

W et

L |
w""'_'._l_""."._."-_.""_"'__'"._.":'1'._""_"'_"_.‘ w*'_'"‘l"._."._-"'__'_'._.-_._"_‘I'._-._.'___"“ w*"_"'_""_."._.-_.'_"_"_._.-_..__"""_."
s DE8n Time 1.888us DE33.7Z CH1= 3J&8m. CHZ= 3S@B8ml) Time 1.888us DPI3.TIus CH2= S@an Time 1.888us

100kb/s:

Odprte sponke

FB 1.920

T v . Curfiz 4.46U
L ... fEurBs 1.88Y
38U lavls 3,380

F B 1.920) RIGOL T°C
g

1

T lCurAs 4.460 =
R s | PR CurB= 1.880 ] T . R ICurBs 1
laYls J.380 1alls 3

RIGOL STOF

| - e ]

.

|||I||-|-,...,__
"'_________.__'L_______.___________< *____'_"__"__]'______"___".__"____'__"__.",__"______1 *'________,___.__________,__._____________‘
Time 5.888us DH4 . 260U: CH1= S88ml) CH2= SE@n Time 5.888us o=

]

CH1= S&E@m.)

Time S.0850us D

g6m\  CH2= S@En




Lab. vaja - meritve

~
N Ay
~
== 2
NN
S3S
A D ad
~
- S
~

© 2024, Trebar, Skraba, Rozman - FRI
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" JE
Lab. vaja - meritve

. -
BAsAAAAASRRRAAAAAAAA F n 3.12y

3 oy -
Nezakljucena linija

Yy

=
+HWidD=1.000us Umax(li=4.44V
eaas  1.00Y Time 2.000us 0.0

+hl i d(1) =tk Umaxi= 3.92V mitat
i Time 2.008us ©0.0000s

VIN —Predavanja © 2024, Trebar, Skraba, Rozman - FRI



" N
Lab. vaja — STM32 kot IEX modul
STM32F4 Discovery + shield MikroE iF fp(ctock 185 then

stmBB_qx00:='stmBO_qx006;
end_if;

if fp(stmBB_ix08) then
stmB0_qx01:='stmBB_qx61;
end_if;

if fn(stmB@_ix08) then
stmBB_qxB2:-'stmBB_qx02;
end_if;

stmB0_gxB83:=-stmBO_ix00;

Online Monitor

[=] + X A-+ ¢

History Yariable name

1]
Al
M

P NI B g vk Monitor0l

1 stm00_ad_On
st00_ix00
I 1 1 |sm00_gx00

T Lrirr | stm00_gx01

stm00_gx02 Hardware Setu
str00_qx03 w ¥

::mﬁjm:g? _ (34 Autodetect 18§ Clear All 18§ Clear Modules 18§ Clear Missing < *

stm00_general etor | gy Name Description NAD  Prefix
stm00_program_error

stm00_bus_error @ CPU Unit  CyBro-2 10 binary inputs, 8 binary outputs, 4 a... 7332

stm00_timeout_enror | wwy Got 1 STM32F4  STM32F4 Multi Sensor 1 user key inp... 750 stm00
®El Clnt 2
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"
RS-485 vs CANBUS

Podobno/enako: Prednosti CANBUS :
Multi-master oddajanje

CANBUS arbitraza

RS485 —konflikt, poraba toka, segrevanije

Zakljucitev 1200 Dodatna preverjanja (nivo sporodila)
CRC, format sporocila
Dodatna preverjanja(bitni nivo)

Prednosti RS485 - Spremljanje stanja linije (poslano/sprejeto)

Sia hi . Potrditev (Ack led
Visja hitrost — do 35Mbit/s Bi_zu'jf?( 6( bcit)now edge)
Obe stanji sta aktivno vodeni :

CANBUS (Wired AND) ima
recesivno in dominantno stanje

Kako razresiti ?

Diferencialni prenos

Multi-master

R5-485 DRIVER CAN RECEIVER

B - INVERTING CANH

A = NOM-INVERTING \ _ |
CANL
DOMINANT RECESSIVE

VIN —Predavanja © 2024, Trebar, Skraba, Rozman - FRI



"
10.4. MODBUS protokol
MODBUS:

Opis protokola in fizicnih nivojev
Primeri Modbus komunikacij:
1 STM32F4 (MB master) <-> PC (MB slave)

1 Cybro kot MB Slave (visje nivojsko omrezje)
= Smarteh Lir-2 termo tipalo 16x12

Read/write
request
o Modbus RTU
1 ] .
Response 1 Response 1 Read/write
: : request
1 1
1 1
Slave 1 Slave 2 Slave n

VIN —Predavanja © 2024, Trebar, Skraba, Rozman - FRI



"
MODBUS na kratko

Davice Soickess

» Visje nivojski komunikacijski protokol:
Razlicni , fizicni* nivoji:

Funchion Codke

[  Ewpitei

RS-232 Lo =
RS-485 — TCP/IP
TCP \
Send Reguest
. o >
» Sporocilno orientiran :
Serijska komunikacija: J:LC Read Response
ASCIl (v obliki ASCII znakov) T Y
RTU (v obliki posameznih bajtov — vrednosti) Slave
Ethernet komunikacija: ——
TCP (v obliki TCP paketov z bajti - vrednostmi) S—
— Dak Byles —
dvosmerna komunikacija S—

zahteva (MB Master) —>
<— odziv (MB Slave)

V/| prostor: digitalni V/I, analogni V/I
MB ukazi (Function Codes — FC)

VIN —Predavanja © 2024, Trebar, Skraba, Rozman - FRI76



" JEE
MODBUS na kratko

» Visje nivojski komunikacijski protokol:

Y

Serial Line
Master/Slave HDLC

RS-232 | RS-485 RS-485

OSI MODEL Modbus Serial Modbus Plus Modbus TCP

VIN —Predavanja © 2024, Trebar, Skraba, Rozman - FRI77



" N

MODBUS na kratko

» Sporocilno orientiran :
Serijska komunikacija:

ASCI| (v obliki ASCII znakov)
START ADDRESS | FUNCTION DATA LRC CHECK END
s C':"AR 2 CHARS 2 CHARS n CHARS 2 CHARS = (c::f-\?s
RTU (v obliki posameznih bajtov — vrednosti)
START ADDRESS | FUNCTION DATA CRC CHECK END
T1-T2-T3-T4" 8 BITS 8 BITS nx 8 BITS 16 BITS T1-T2-T3-T4"

"For T1-T2-T3-T4, 3.5 character times at no communication.

TCP

VIN —Predavanja

Ethernet komunikacija:

(v obliki TCP paketov)

Application Data Unit (ADU)
A

(This information is embedded into the data portion of the TCP frame)

r N\
Function - Traditional
CONSTRUCTION OF A APEE | code Deb ISR
MODBUS TCP DATA PACKET ¥ ]
Function Data Function Code & Data
Code Are Not Modified
Modbus Application Protocol (MBAP) Header \/
(7 Bytes) Protocol Data Unit (PDU)
Transaction | Protocol Length Unit ID Function Data Modbus Frame With
Identifier identifier Field : Code TCPAP Transmission
(2 Bytes) (2Bytes) (2 Bytes) (1 Byte) (1 Byte) Varies
2 >
i &
Modbus TCP/IP ADU

Modbus Serial Frame

ozman - FRI78



" JEE
MODBUS na kratko

dvosmerna komunikacija
zahteva (MB Master) —>
<— odziv (MB Slave)

Master Slave

0x3A Device Address I
Query
Function Code
Query Data

— — 0x3A Device Address
Function Code

Error Check |0x0DOA
Response Data

Error Check 0xO0DOA
Response |

Modbus Message Frames

VIN —Predavanja © 2024, Trebar, Skraba, Rozman - FRI79



"
MODBUS na kratko

V/I prostor: digitalni V/I, analogni V/I

Types of Modbus Data Data format Address
Coils (Dig. Outputs) Bits, Binary values 00001
Digital Inputs Binary values 10001
Analog Inputs Analog values 30001
Holding registers (outputs) Analog values 40001

MB ukazi (Function Codes — FC)

I"I':"-t.""l ''''''' FTT T T T T T T T T T T TSI EE TS ST s

: unction . Action | Table Name

F-- Code _ _ S IO I

;_ 01 (01 hex) Ir- Read l+ Discrete Output Coils

I 05 (05 hex) '}_Write single ! Discrete Output Coil

i- 15 (OF hex) I}_Write muItipIe{l_ Discrete Output Coils

| | |

. 02(02hex) , Read | Discrete Input Contacts

b e mmmmm—- bmemmmemm b e e e m—mmmmm——————————
VIN —Predavanja

_____ i
Function . Action | Table Name

Code I I
""""" I e
04 (04 hex) Read I Analog Input Registers
_________ A
03 (03 hex) ! Read Analog Output Holding Registers
06 (06 hex) 1 Write single F Analog Output Holding Register

16 (10 hex) Write multiple;  Analog Output Holding Registers
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MODBUS — Primer 1: STM32 <-> PC (USB VCOMPort)

» PC — MB slave simulator:

! MODBUS RTU RS-232 PLC - Simulator (port: COM11 9600,8,N,1,R-on)
Connected (1) : (received/sent) (214/214) Serv. read data. Px @ Tx @

Address: © H& D 1/O |Holding Regs (400000) ~| @ Fmt:ldecimahf- v[ Prot: IMODBUS RS-232

Coil Outputs  (000000)
Address [ +0 Digital Inputs {100000) +2 ‘ +3 ‘ +4 ‘ +
400001-400010 0 Analog Inputs (300000 3 3 5
400011-400016 10 Holding Regs (400000) b3 13 14 1¢
Extended Reqgisters

» STM32F4 — MB master SWV :

// ——= Slave ID=1, Write state 511 of 1 analog output register on addresses 0-15
usModbusUserData[U]= usModbusUserDatal[!]= usModbusUserDatal[-]= usModbusUserData[-]=MBCnt;
eMBMasterReqWriteMultipleHoldingRegister (!l ,MBCnt, ?,usModbusUserData,l) ;

errorCode =
MBCnt= (MBCnt + 1) % 16;

https://github.com/LAPSyYLAB/STM32F4 Discovery VIN Projects/tree/main/STM32 USB Modbus Demo
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MODBUS — Primer 1: STM32 <-> PC (USB VCOMPort)

ReSitev temelji na dveh projektih :
- FreemMODBUS knjiZznica

» Preveritev MODBUS ukazov: - v Middlewares/Modbus

- in dodatek za Master funkcionalnost
- temelji na viru:

https://github.com/armink/FreeModbus_Slave-
/] --- Slave ID=1, Read state of 8 coils address © Master-RTT-STM32

errorCode = eMBMasterReqReadCoils( 1, @, 8 ,1 ); //RXbuffer[3]; - predelano za USB VCOMPort komunikacijo in

lastne podatkovne strukture
// --- Slave ID=1, Write ON state to one coil on addresses 0-7

errorCode = eMBMasterReqWriteCoil(1,MBCnt,0@xFF@0,1); - Modbus Slave (server) simuliramo na PC

strani z aplikacijo :
// --- Slave ID=1, Write ON state to all coils on addresses 0-7 - https://sourceforge.net/projects/modrssim2/
errorCode = eMBMasterReqWriteMultipleCoils(1,0,8, &MBCnt,1); - izberemo ustrezen COM port (VCOMPort od
STM32F4)
/] --- Slave ID=1, Read from 8 discrete inputs on addresses 0-7
errorCode = eMBMasterReqReadDiscreteInputs(1,0,8,1); //result in RXbuffer[3];

/] --- Slave ID=1, Read from 2 analog input registers from addresses 0-1
errorCode = eMBMasterReqReadInputRegister(1,0,2,1); //results in RXbuffer[3-6];

/] --- Slave ID=1, Read state of 2 analog output registers from addresses 0-1
errorCode = eMBMasterReqReadHoldingRegister(1,0,2,1); //results in RXbuffer[3-6];

/] --- Slave ID=1, Write state 511 of 1 analog output register on addresses ©0-15
errorCode = eMBMasterReqWriteHoldingRegister(1,MBCnt,511,1);

/] --- Slave ID=1, Write state 511 of 1 analog output register on addresses ©0-15
errorCode = eMBMasterReqWriteMultipleHoldingRegister(1,MBCnt,2,usModbusUserData,1);

https://github.com/LAPSyYLAB/STM32F4 Discovery VIN Projects/tree/main/STM32 USB Modbus Demo
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MODBUS - Primer 2: Cybro kot MB slave

Cybro supports:

¢ Modbus RTU slave (RS232/RS485)

¢ Modbus TCP slave (Ethernet)

Function codes:

code hex
1 01h
3 03h
5 05h
6 06h
15 OFh
16 10h

command

READ _COILS
READ_HOLDING_REGISTERS
WRITE_SINGLE_COIL
WRITE_SINGLE_REGISTER
WRITE_MULTIPLE_COILS
WRITE_MULTIPLE_REGISTERS

Modbus data model describes how modbus coils and registers are translated to Cybro memory.

[Diata model Data model Data model [ata model Drata model
Plc data modet Plc data model: Ple data modet Plc data model: Ple data modet
(®) Entire plc dats memory O Entine plc: data memory (D) Entire ph: dista memory O Entire plc: data memory ) Entire phe dats memory
() Cod/register anay (®) Coil/register aray (®) Coil/register amay () Coilvegister anay () Coil/register amay
(O Selected pic vanables () Selected plc vasnables () Selected phe vaniables (@) Selected plc vanables (®) Selected phc vanables
Modbus address Modbus address: Modbus address: Modbus addiess:
(®) Sequential (D) Sequential (®) Sequential (O Sequential
) Rlandom selection (®) Flandom selection () Riandom selection (@) Riandom selection
array array - )
cybro modbus cybro modbus cybro modbus cybro modbus cybro modbus
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MODBUS - Primer 3: Smarteh Lir-2 termo tipalo 16x12

Prilagam kratek dokument z navodili za priklop in zagotovitev pravilnega delovanja
komunikacije med LIR-2 senzorjem ter osebnim racunalnikom.

Poleg tega prilagam Se link: ,do
GitHub repozitorija, kjer se nahaja osnovna python skripta, ki jo lahko uporabite, kot
osnovo za izdelavo vasih lastnih projektov.

V navodilih je na koncu tudi kratek opis uporabe dodatnega projekta za barvni
oziroma toplotni izris zajetih meritev, ki pa rabi Se en minimalen popravek in ga bom
poslal naknadno. Poleg nastetega prilagam Se user manual za LIR-2, kjer je
podrobnejsi opis vseh registrov in samega delovanja.

Posiljam Se dodatni projekt kolega Domna, kot sem obljubil véeraj:

. Lahko ga poganjate, kar preko .exe
datoteke, navodila za uporabo projekta pa so ravno tako opisana v dokumentu, ki
sem ga poslal véeraj.

Infrared array

Table 1: Features sensor

Infrared array sensor 12 x 16 Pixel YELLOW GND

RS485 -A

Light indication
Modbus RTU communication protocol RS485 - B
2 analog outputs 0 .. 10V

P65

AO1 - Analog Output 1

AO2 - Analog Output 2
Light sensor
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https://github.com/kolan51/ModbusLIR2example
https://github.com/kolan51/LIR2_ColorTemp
https://unilj.sharepoint.com/:f:/s/LAPSYEmbeddedAcademy/EkWg4cFq0F9FnbWu6GGa600Biv3c3AGFvyZa63rl4xwoFg?e=UA9VOS
https://unilj.sharepoint.com/:f:/s/LAPSYEmbeddedAcademy/Eikokch_uZNDt5O_rBigHHABibG056Aruv9qljqLu_bRNA?e=UkBI5Y
https://unilj.sharepoint.com/:f:/s/LAPSYEmbeddedAcademy/Eikokch_uZNDt5O_rBigHHABibG056Aruv9qljqLu_bRNA?e=UkBI5Y
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/EQbAW5tTkchJie4kLGvncMIBFfBDuVaU1kdurZSX0-7y5w?e=uzAoQG
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10.5 Universal Serial Bus (USB)

2 Povezovalni standard USB je bil objavljen 1996. Doloca:
specifikacije za kable, prikljucke in protokole za povezavo,
komunikacijo in napajanje med osebnimi racunalniki in njihovimi perifernimi napravami.

O Za razvoj in vzdrzevanje skrbi USB Implementers Forum (USB-IF), ki vkljucuje
podjetja, kot so: Hewlett Packard, Intel, LSI Corporation, Renesas, Microsoft

0 Cilji, ki so jih zeleli doseci, pri razvoju USB standarda:
Nastavljanje stikal ali mosticev na kartici ali napravi ne bo potrebno.
Pri instalaciji novih V/I naprav ne bo treba odpirati ohisja.
Samo ena vrsta kabla za vse vrste naprav.
VIl naprave naj dobijo napajanje po USB kablu.
Moznost prikljucitve do 127 V/I naprav na krmilnik.
Podpora napravam, ki delujejo v realnem casu.
Naprave naj bo mozno namescati med delovanjem (ang. hot plug).
Po instalaciji nove naprave naj ne bi bilo potreben ponovni zagon (ang. reset) racunalnika.
Povezava naj bi bila poceni.

VIN —Predavanja 85 © 2024, Trebar, Skraba, Rozman - FRI



" A
USB — na kratko

2 Elektricno je to dvosmerna simetricna povezava z enim parom podatkovnih
linij (ang. half-duplex).

Veus

—
| o

Nizke hitrosti prenosa: LS (Low-speed) = [,5 Mb/s e DC¢DT
] TOO0C I OO Tam
Visoke hitrosti prenosa: HS: High-speed 480 Mb/s i";?;q S S S S . W -

\{— enD

Maksimalna dolzina: [,,4,,= 5 m =

Figure 3-2. USB 3.0 Cable

0 Za preprecevanje odbojev se uporablja serijska zakljucitev pri oddajniku in

450 D+

paralelna zakljucitev pri sprejemniku (Z, = 90 Q). Oddajnik[ Z

45Q 45 Q)

0 Podatki se prenasajo med dvema napravama v majhnih kolicinah, kot paketi. Z
vsakim paketom se prenese doloceno stevilo bajtov (enota digitalnih informacij).

0 Logicno je USB sistem videti kot mnozica povezav (cevi) med USB napravami in
korenskim vozliscem (gostiteljskim krmilnikom).

J Vsi prenosi potekajo med korenskim vozliscem in USB napravami.Prenos med
napravami ni mozen.
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0 Elektricno je to dvosmerna simetricna povezava z enim parom podatkovnih
linij (ang. half-duplex).

Simetri¢na (diferencialna) povezava - half-duplex

D+
Diferencialni R Diferencialni
oddajnik-sprejemnik ‘ sprejemnik-oddajnik
|
_lf GND 4
Nizke hitrosti prenosa: LS (Low-speed) = [,5 Mb/s
Minimalna izhodna napetost pri visokem nivoju (1) Maksimalna izhodna napetost pri nizkem nivoju(0)
Vou > 2,8V VoL <0,3V
Visoke hitrosti prenosa: HS: High-speed 480 Mb/s
Minimalna izhodna napetost pri visokem nivoju (1) Maksimalna izhodna napetost pri nizkem nivoju(0)
Vou =400 mV + 10% Vo,=0V £ I10mV

Maksimalna dolzina: [,,,;,,= 5 m
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0 Za preprecevanje odbojev se uporablja serijska zakljucitev pri oddajniku in

paralelna zakljucitev pri sprejemniku (Z, = 90 Q).

- 45 Q) +
Oddajnik L — D
45 Q)
- 1 D -
Q °
45 Q) 45 Q)
2 USB kabel
1. USB Ve (+5V)
& un
R IS IE
3.uUsB
Data -
SHIELIIi_‘
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O Strojna oprema - Konektorji USB

UsSB 1.0 - 2.0 USB 3.0 - 3.1
b
- = s555e) [
A B
i —
Micro-B C
Micro-A Micro-B https://en.wikipedia.org/wiki/USB_hardware
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O ldentifikacija hitrosti :
low speed (1.5 Mbit/s = 187 KB/s)
full speed (12 Mbit/s = |.5 MB/s)
high speed (480 Mbit/s = 60 MB/s)
super speed (4.8 Gbit/s = 600 MB/s)

3.3V 3.3V
usB 1.5KQ UsB USB 1.5KQ use
Host Device Host Device
Vb Vb
us Twisted Pair WAL us Twisted Parr WS
D+ D+ D+ D+
D- D- D- D-
GND GND GND GND
15K 15K

15K£]4;§ 15K

Full-speed mode (12 Mbits/s)
|.5KQ pull-up na D+

VIN —Predavanja

Low-speed mode (1.5Mbits/s)
|.5KQ pull-up na D-
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0 Kodiranje NRZ| :
0: sprememba napetosti

1: ni spremembe

Clock A A A A * A A A A A A A

NZRI
Signal

Binary
Data
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10.5.1 Topologija USB
0 Splosno:
Naprave USB so fizicho povezane v vozlisce.

Za delovanje je potreben gostiteljski USB krmilnik (ang. root host),

Vsaka USB naprava ima tudi svoj USB krmilnik.

Gostiteljski USB krmilnik

Korensko vozlisée Nivo 1
USB naprava Sestavljena naprava Nivo 2
Vozlisce
USB USB USB naprava Nivo 3
naprava. | naprava
Nivo 4

USB naprava
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Maksimalno stevilo nivojev vklju¢no s korenskim vozliscem je 7.

Vsaka naprava ali vozlisce predstavlja en nivo. Sestavljena naprava npr. tipkovnica in
sledilna plosca predstavljata dva nivoja.

Logicno USB gostiteljski krmilnik z vsako napravo komunicira kot bi bil z njo direktno
povezan (tocka-v-tocko).

Logicne povezave = cevi (bit pipe).

Urin signal se po povezavi ne posilja, na sprejemni strani se urin signal restavrira iz
podatkovnega zaporedja.

Uporablja se NRZI kodiranje (bomo spoznali v nadaljevaniju)

Ko prikljucimo novo USB napravo, gostiteljsii krmilnik to zazna in poslje prekinitveno
zahtevo v CPE.

Operacijski sistem (OS) poizve kaksna naprava je to in kaksno hitrost zahteva,
oziroma koliko pasovne sirine bo zasedla.

OS dodeli novi napravi enoveljaven naslov (| — 127) ter naslov in ostale parametre
povezave nalozi v konfiguracijske registre krmilnika USB naprave.

Neinicializirane naprave zacnejo z naslovom 0, da se lahko v nadaljevanju uporabijo.

Namestitev poteka tako brez konfiguracijskih posegov uporabnika (ang. on the fly).
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O Fizicna topologija vodila — Uporabniski pogled

. USB host with host controller

K"

2. 2-port root hub integrated into the host controller |

3. 4-port hub integrated into the keyboard

(part of the compound device)

4. USB keyboard (part of the compound device) EO- R B D B

©
5. USB keypad (part of the compound device) *.
6. 4-port hub (part of the 7-port hub)
7. 4-port hub (part of the 7-port hub)

8. USB mouse

9. USB flash drive 9‘ O Jiy e
10. 4-port hub 1
@
Il.  4-port hub .}
12. USB bluetooth adapter {E}l
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0 Fiziéna topologija vodila USB — podrobnejsi pogled

Host Controller | @)
RootHuo | g

Device Tree
= i WINDOWS-XP-5P3
(] standard Enhanced PCI ba USE Host Contraller
=[] ®4 standard Universal PCI to USE Haosk Cantroller o
=07 1se Root HUb €Y
=07 Port1: Generic USE Hub €)
O E%P Portl: USE Composite Device O

H—@
Compound
Device .E',

VIN —Predavanja

Bluetooth

Ol (g Pork2: USE Human Interface Device €3
=073 Porkd: Generic USE Hub (G
<t Parkdl:
It Partz:
It Parts:
Mouse | © =07 Portd: Generic USE Hub g9
IF Partl:
F E&P PortZ: USE Mass Storage Device (K E}
=073 Partd: Generic USE Hub @0
=07 Part1: Generic USE Hub €E)
IF Parkl:
IF Partz:
O Port3: Broadcom 2045 Bluetookh
It Parkd:
IF Partz:
oF Parts:
IF Partd:
It Partd:
[ &g Part4: USE Human Inkterface Device 6
I Partz:
=| WA Fev S or laker IUSE Universal Host Controller
=@ ALPCT bo USE Open Host Controller
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0 Logicna topologija vodila USB:
Fizicno so naprave povezane nivojsko, v zvezdni topologiji.

Gostitelj komunicira z V/I napravami, kot da bi bile direktno povezane na ‘Root hub".

2 e —& ] —o D
1404070
l Host ]
T

4] 0 | 0‘I L9 12]

[Keybnard] [ Keypad ] [ Mouse ] [Flaah Driue] [Elluetnnth]

0 Pogled programskega odjemalca — program odjemalca komunicira z napravo, kot da
bi bila direktno povezana na gostitelja.

[Heybnard] [ Keypad ] [ Mouse ] [Flash Driue] [Elluetnnth]
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10.5.2 Prenos podatkov

0 | Podatki se prenasajo med dvema napravama v majhnih kolic¢inah, kot paketi.Z
vsakim paketom se prenese doloceno stevilo bajtov (enota digitalnih informacij).

O Posljejo se tudi druge informacije, kot so:
izvor podatkov in ponor podatkoy,
dolzina podatkoy,
podrobnosti o odkritih napakah

O Tipi prenosov podatkov:
‘Interrupt transfer * — naprave zahteva prekinitev, majhne kolic¢ine podatkov, manj
pogosti prenosi (tipkovnica, miska)
‘Bulk transfer‘ - vecje koli¢ine podatkov, nizka prioriteta (tiskalniki, skenerji)
‘Isochronous transfer  — lahko pride do napak, prenos paketov se ne prekine ine
se ne posilja ponovno (audio, video)

‘Control transfer * : konfiguracija in kontrola naprave USB.

https://www.cmd-Itd.com/advice-centre/usb-chargers-and-power-modules/usb-and-power-module-
product-help/usb-data-transfer-guide/
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O Logicno je USB sistem videti kot mnozica povezav (cevi) med USB napravami in
korenskim vozliscem (gostiteljskim krmilnikom).

O Vsi prenosi potekajo med korenskim vozlis¢em in USB napravami. Prenos med
napravami ni mozen.

O Prenos med dvema USB napravama je mozen le, ce ima krmilnik ene od USB naprav
tudi gostiteljske sposobnosti (ang. dual role device, OTG).

0 USB gostiteljski krmiinik posije vsako miliseikundo (1,00 ms + §,05 ms) nov okvir in
tako vzdrzuje sinhronizacijo z napravami.

0 Okvir, ki ga sestavljajo paketi, ie povezan z doloceno povezavo USB.

O Prvi paket v okvirju (SOF) je vedno v smeri od korenskega vozlisca proti napravi.
Ostali paketi v okvirju pa so lahko v eni ali drugi smeri.
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O Primer komunikacije med USB krmilnikom in USB napravami
SOF: Start of Frame;
IN: prenos od naprave;
OUT: prenos proti napravi (vsi vedno od krmilnika proti napravi)
SYN: 8-bitno sinhronizacijsko polje
PID: 8-bitna oznaka vrste paketa

CRC: 16-bitno polje za detekcijo napak

|0ms |1ms |2ms |3ms — Cas
Okvirji Okvir 0 Okvir 1 Okvir 2 Okvir 3
Paketi SOF SOF || IN || DATA | ACK SOF SOF || OUT || DATA || ACK
SYN || PID || PODATKI || CRC SYN || PID || PODATKI || CRC
Podatkovni paket Podatkovni paket
od USB naprave proti USB napravi
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10.5.3 Razvoj standarda USB

USB 1.0 (1996): 1,5 Mb/s Low-speed — LS
USB I.1 (1998): Bolj stabilno delovanje, 12 Mb/s Full-speed — FS

USB 2.0 (2000): 480 Mb/s High-speed (HS), Kodiranje NRZI, Dolzina povezave do 5m,
S petimi razdelilniki (hubi) do 30m, Obremenitev vodila pri +5V do 500mA (5 x 100
mA), Mozno hkratno delovanje LS, FS in HS naprav, Potreben je gostiteljski krmilnik
(Host controller)

USB OTG (USB On-the-Go; leto 2001): Dodatek k standardu USB 2.0, Periferna
naprava lahko prevzame vlogo gostiteljske naprave (krmilnika, ki vodi prenos) — dual
role device, Novi konektoriji (mini A, mini B), manjsa poraba

USB 3.0 (leto 2008): Maksimalna teoreticna hitrost 5 Gb/s (realno 3,2 Gb/s) - Super-
speed — SS, Kodiranje 8b/10b, Dodatni 4 vodniki (2 x diferencialni signal v eno in
drugo smer), Prakticna dolzina povezave do 3m (standard dolzine direktno ne
omejuje), Hikratni dvosmerni pirenos (fuil-duplex), Novi konektorji (kompatibilni z USB
2.0), Obremenitev vodila do 900 mA (6 x 150 mA), Kompatibilnost z USB 2.0

USB 3.1 (leto 201 3): Maksimalna teoreti¢na hitrost 10 Gb/s SuperSpeed+ , Kodiranje
128b/132b (= hitrost 10 -10°b/s - (128/130) / 8 b/B = 1,23 GB/s), Konektor USB C, ki pa ni del
specifikacij USB 3.1

USB 3.2 (leto 2017) in USB 4 (leto 2019)
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10.5.4 Napajanje in polnjenje preko kabla USB

0 Napajanje USB naprav po USB kablu:
Napetost na korenskem vozliscu je 5V + 5%, USB naprave morajo delovati do 4,4 V.
Enota obremenitve (ang. unit load) je definirana s tokom:
USB 2.0 = 100 mA (= 0,5W pri napetosti 5V)
USB 3.0 = 150 mA (= 0,75W)

Ko se USB naprava priklopi na vodilo, dobi 100 mA toka, med delovanjem lahko
zahteva Se dodatne obremenilne enote, do najvec 5 (6 pri USB 3.0).

USB naprave se delijo v:
Varcne naprave (ang. Low power: tok < 100 mA)
Pozresne naprave (ang. High power: tok < 500 mA
Naprave z zunanjim napajanjem (ang. Self powered devices)
0 USB polnjenje akumulatorjev:

CDP (Charging Downstream Port) - napajalni in podatkovni vodniki.
Mozno polnjenje in hkraten prenos podatkov.
Maksimalni tok do 5 A, Konektor C 1,5 A.

Pri velikih polnilnih tokovih se pri vecjih hitrostih lahko pojavijo motnje na podatkovnih
povezavah.

DCP (Dedicated Charging Port) - samo napajalna vodnika brez podatkovnih
(avtomobilski polnilci, . . .)
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10.5.5 USB - programerski vidik

0 Komunikacijske plasti

USB USB
Host Device
Logical Function Channels
« — — — ——— — (N ___ > _ Logical
ClassLayer |4 - -~ - ——-— — — — | Functions Function
il I A > Layer
: Logic Control Channel : Physical
Deylce « — — — — T ____ > Phys_lcal Device
Driver Device
Layer
w "4
S~ o] Token Data ACK |1~
Packet Packet Packet _
Host BUS Ph%/smal
Controller Interface us
Layer
A A
Transfer speed, data encoding
Cable and Hubs
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10.5.5 USB - programerski vidik

0 Deskriptoriji

/\

Device Descriptor
(bNumConfigurations = 2)

Configuration Descriptor
(bNumlinterfaces = 2)

— .

Interface Descriptor
(bNumEndpoints = 3)

Configuration Descriptor
(bNuminterfaces = 1)

Interface Descriptor
(bNumEndpoints = 1)

Interface Descriptor
(bNumEndpoints = 2)

‘/‘lr\.

!

PN

Endpoint
Descriptor

Endpoint
Descriptor

Endpoint
Descriptor

Endpoint
Descriptor

Endpoint
Descriptor

Endpoint
Descriptor
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10.5.5 USB - programerski vidik

0 Deskriptoriji

VIN —Predavanja

Field Name

a
N
o

Offset

bLength

%)

bDescriptorType

wTotalLenght

bNumlinterfaces

bConfigurationValue

iConfiguration

bmAttributes

bMaxPower

RiRR(RRN|R|R

NIN[ NN =

Field Name Size | Offset
bLength 1 %]
bDescriptorType 1 1
bcdUSB 2 2
bDeviceClass 1 4
bDeviceSubClass 1 5
bDeviceProtocol 1 6
bMaxPacketSize 1 7
idVendor 2 8
idProduct 2 10
bcdDevice 2 12
iManufacturer 1 14
iProduct 1 15
iSerialNumber 1 16
bNumConfigurations 1 17
Device descriptor
Field Name Size | Offset
bLength 1 %)
bDescriptorType 1 1
binterfaceNumber 1 2
bAlternateSetting 1 3
bNumEndpoints 1 4
bInterfaceClass 1 5
bilnterfaceSubClass 1 6
blnterfaceProtocol 1 7
ilnterface 1 8
Interface descriptor

10

Configuration descriptor

Field Name

Size

Offset

bLength

%)

bDescriptorType

bEndpointAddress

bmAttributes

wMaxPacketSize

blnterval

(I [N [y iy iy

[ BE-RERE SR

Endpoint descriptor
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10.5.5 USB - programerski vidik

O Primeri podatkovne vsebine (,,Report format*) — HID profil

RIGHT GUI
RIGHT ALT

RIGHT SHIFT ——

Tipkovnica

RIGHT CTRL —

Byte O
Byte 1
Byte 2
Byte 3
Byte 4
Byte 5
Byte 6

Byte 7

VIN —Predavanja

— LEFT SHIFT

LEFT GUI
LEFT ALT

— LEFT CTRL

7

4

3

1 0

Reserved

Key[0]

Key[1]

Key[2]

Key[3]

Key[4]

Key[3]

Modifier

Byte 0
Byte 1
Byte 2

Byte 3

10

Miska
Middle button
Resirved — Right button
N — Left button

6 |5|4]|3]2]|1]0 |Button bit flags
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10.6 PCI Express

0 PCI Express = PCle ali PC-E (Peripheral Component Interconnect Express)
Standarden tip povezav za notranje naprave racunalnika.
Stevilne mati¢ne plosée v racunalniku imajo danes reZe ali vtiéna mesta PCle
Fizicne velikosti rez PCle z razlicnim stevilom pinov so: PCle x 16, PCle x8, PCle x4, PCle x|

Fizicne velikosti PCle:

. Verzije PCle:
PCle x1: 18 pinov, 25mm
P - - | Intro- Transfer
Version duced Line code rateper
S lanetli 1
1.0 2003 8b/10b 25GT/s | 0.250 GB/s
2.0 2007 8b/10b 50GT/s 0.500 GB/s
3.0 2010 128b/130b | 8.0 GT/s  0.985 GB/s
4.0 2017 128b/130b | 16.0 GT/s 1.969 GB/s
5.0 2019 128b/130b | 32.0 GT/s 3.938 GB/s
L7 T T T T

64.0 GT/s
) 6.0 2022 242B/256B 7.563 GB/s

PCle x16: 82 pinov, 89mm 32.0 GBd
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2 Primer povezave naprav na PCle, https://computer.howstuffworks.com/pci-express-pictures.htm

PCIl Express P_CI Compari_:son

Device 1 . ‘ & m ]

Serijska povezava

naprav
PCIl Express
Serial Connection
1 BANDWIDTH Device 1 Device 2
Single direction:
XL Srae v
X4 singe drection Paralelna povezava
naprav
x8
EANDWIDTH Single direction: 2
Dual Directions
x16
EANDWIDTH Single direction
Dual Directions
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https://computer.howstuffworks.com/pci-express-pictures.htm

0 PCI Express je hitra serijska dvosmerna (ang. full-duplex) povezava tocka-v-tocko.

0 Sestavljata jo dve simetricni (ang. differential) povezavi z LVDS (Low Voltage
Differential Signaling), vsaka v eno smer (ang. full-duplex) z zaklju€itvenim uporom na
sprejemni strani.

PCle x1 enojna dvosmerna povezava - full-duplex

Diferencialni 1000 |:] Diferencialni
oddajnik . sprejemnik
Diferencialni Diferencialni
: : 00Q |< '7 -
sprejemnlkw<’E f'] 1 { oddajnik

0! Hitrost prenosa na enojni povezavi (PCle x1) v eno smer je pri frekvenci ure 2,5GHz
enaka 2,5Gb/s.

Zaradi kodiranja 8b/10b dobimo hitrost prenosa
2,5Gb/s * 8/10 = 2Gb/s = 250MB/s

0 Dolzina povezave je lahko najvec 50 cm.

U
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http://www.interfacebus.com/PCI-Express-Bus-PCIe-Description.html

0 PCle protokol: Podatki se prenasajo v obliki okvirjey, ki jih sestavljajo:
Start bajt (Start of Frame - SOF)
Zaporedna stevilka (Sequence Number - SEQ #)
Glava (Header)
Podatki (Data)
CRC - biti za detekcijo in korekcijo napak

Konec okvirja (End of Frame - EOF)

SOF | SEQ# Header Data CRC EOF

1B 2B 16 / 20B 0 do 4096 B 4B 1B

Dejanska hitrost prenosa na enojni povezavi (PCle x1), ce upostevamo zgradbo
okvirja z najdaljSim podatkovnim poljem 4096 B, je enaka:

2,5Gb/s * 8/10 * 4096 / 4124 = 1,9864Gb/s = 248,3MB/s
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0 PCI Express protokolski sklad

ProgrlamSka Povezuje PCl Express sistem z operacijskim sistemom
plast
Transportna Header Data
plast
Povezovalna
plast SEQ # Header Data CRC
Fizi¢na plast SOF SEQ # Header Data CRC EOF
|B 2B 16/20B 0 do 4096B 4B IB
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