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Vsebina

¢ Povezovalni standardi
EIA/TIA232 (R&32)
EIA/TIA485 (R$485)
CANBUS

Opis protokola in fizilnega nivoj a
Primer uporabe:

A IntegraBM: HW moduli in IEX2 odprtaprotokolskan ad gr adnj a,
A Vsebina LAB vaje : CANBUS, STM32 in-EEptotokol

Modbus

Opis protokola in fizilnih
PrimeriModbuskomunikacij:

A STM32 (MBnaste) <-> PC (MB slave)

A Cybrokot MB Sl ave (vi Gj e

USB- UniversalSerialBus
PCI ExpressRCIg

é

nNi voj ev

ni voj sko omreHje)
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10. Povezovalni standardi - uvod

c/Standard j e dokumentiran dogovor, Ki Vvsebl
natanlno dol olene kritpriperolLahbko gas

¢ Uporablja se kot pravila, smernice ali definicije lastnosti, da bi materiali, izdelki ali
storitve ustrezali svojim namenom.
¢ Zakajstandardi ?

Omo g o bravjlno komunikacijo med programi ali programom in strojno
opremo (slike, tekst, zvok, telefonski pogovori).

Neuporaba | ahko onemogol i komuni kacij o,

¢ Kako pride do njihove uveljavitve?
Neformalno sprejemanje standardov

Primer: TTL napetostni nivoji (0¥ low,5Vdhigh s o pr i VIl | astnoc
standard zaradi moHnost i povezovanja [ip
Formalno sprejemanje standardovo bi I aj no ji h definirajo
organizacije:

IEEED Institute of ElectricalandElectronicEngineers
EIAJ ElectronicindustriesAssociation

TIA d TelecommunicationfndustryAssociation
VIN i Predavanja 3 E2024,Trebar, GkraBRh, RozI
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cZa povezavo dveh sistemov, dveh napr a
uporabiti serijski prenos podatkov.

¢ Kako lahko to izvedemo?

¢ Kaj potrebujemo?
Prenosni medi
Konektor

Zdr uHI ji h
RS-232 d RS-232 \ 4

& 3

USB d RS-232
L 4

q | ﬂ USB 8 RS-485
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10.1 EIA/TIA -232 (RS -232)

c Standard RS 232 dol ol a:
napetostne in signalne nivoje ter [ asovn
pomen in vrste signalov in
razporedpinovnakonektorjinin konfiguracije povezav
mi ni malno kolilino krmilnih informaci)|j 1y

cZal etek i n razvoj standarda:
RS2320 leta 1962 (organizacija EIA)
RS232 C leta 1969
RS232 D leta 1986
TIA232 F leta 1997 (Ge vedno v veljavi)

c StandardR 32 omogol a Giroko zdruHIljivost

c Vir:

VIN i Predavanja 5 E2024,Trebar, GkraBRh, RozI


https://www.virtual-serial-port.org/article/what-is-serial-port/rs232-pinout/

Racunalnik
" J TS XD RxD

Pin 3 »|Pin 3
DTE DCE
Pin 2 |4 Pin 2
RS-232 na kratko RxD i
Arasi met r i I' nunbaamcedpodatkov( an g .
_ _ _ _ +15V +15V
A s skupnim povratnim vodnikom za vse signale, Logiéna 0
: : , (SPACE)
Aln napetostno nezakl jul |1 " "~
. VAP N e +3V
Y Y in'Y Y oy -
———————— -3V
- - _SV _________
Agumna | muaduv=tva: 5 V Logicna 1
A za omejevanje odbojev in presluha je uporablieno sy g 15V
Izhod oddajnika Vhod sprejemnika

razmerje— .

A hitrost spreminjanja signala je omejena na 3GVanc.
slewrate)

¢ Asinhronska komunikacifani urinega signala
LSB M5B 1oy

¢ Format podatka "™ “p[o[i]a]s[4]s]e]7 = .
Prenos: Start,) €, Stofl; Ni paritetnega bita.

¢ Standardndaudne(bitne) hitrosti
1200, 2400, 4800, 19200, 38400,57600, 115300

VIN i Predavanja 6 E2024,Trebar, GkraBRh, RozI



10. 1.1 Elektril ni del standar da

c/Napetostna i n |l ogilna nivoj a
L o gi L:paeitiven napetostni nivo L o g i L :megatiten napetostni nivo
Oddajnik: od +5V do +15V Oddajnik: od-5V do-15V
Sprejemnik: od +3V do +15V Sprejemnik: 0d3V do-15V
+15V +15V
Logilna O
(SPACE)
+5V
——————————— +3V
OV BN~~~ ]
——————————— -3V
-5V [ T
Logi | na 1
(MARK)
- 15V - 15V
Izhod oddajnika Vhod sprejemnika
gumna i muennapetestnarazlika med izhodom oddajnika in vhodom sprejemnika,

K i pri neugodni h razmerah dé3VoI2¥). odporno

VIN i Predavanja 7 E2024,Trebar, GkraBRh, RozI



¢ V RS232 je uporabljen
asi metr i I nunbafamcedpodatkov( a n g .
s skupim povratnim vodnikom za vse signale,
I n napetostno neza¥Xl j lme¥ho Yhhapaj an

Oddajnik R&232 Sprejemnik R232

I )) I
RS-232 napetostni in | ogil CO
GND L Skupni povratni vodnik za vse signale —T— GND
TTL T 5V LVTTL
45V 85.5V) (3V53.6V)
Napetostni nivoji zaTTL in LVTTL: T 33V
Vo = Minimalna izhodna napetost pri visokem nivoju (1)
- o . Vou = 24V Vou —1— 24V
V,y = Minimalna vhodna napetost pri visokem nivoju (1) i .
Viu 2V Vi 2V
Vi. = Maksimalna vhodna napetost pri nizkem nivoju (0) . —— 15v Vo = 15V
Vo, = Maksimalna izhodna napetost pri nizkem nivoju(0)
= ' vV, —— 08V vV, —T— 08V
V;y = Napetost preklopa (preklopni prag) VtL 1 oav VL;L 1 oav
0V ——-0V

VIN i Predavanja 8 E2024,Trebar, GkraBRh, RozI
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Za omejevanje odbojev in presluha je uporabljeno razmerje
Hitrost spreminjanja kateregakoli signala je omejena na 38 (dhgslewrate).

——————— +15 V
L as v a pignalaaje za podane
napetostne omejitve ——————— 15V
0 00Di ]
o
+—% ——————— 5V
|
|
|
I
_____________ L 15V
|
|

Pri upoGtevanju pogej & zawomej evanj e
standardR 32 prnppwvelpo dol Hi no povezayv
| zr al uthinl vly —

'as vz pohad8 © a 5 aF p LA
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Pri mer mer it SlevRdieddy/llN LABarggao na (

FIGOL

Limax1l = 4 .64

Time

580 ns
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¢ RS232 povezava dveh naprav
Data TerminaEquipmen{DTE)

Data CommunicatiorEquipmen(DCE)

Prenos podatkov:

Povezava naprav DTE in DCE
(direktna povezava)

DTE

Povezava dveh naprav DTE
(navzkri Hna pc

RatunaITXD

DTE

VIN i Predavanja

DB9 | DTE | In/ In/ | pce | DB9
Pins Out Out Pins
1 DCD | In > | In DCD | 1
—_—2 RXD [In  |[<—|Out [TXD [ 2 <=—
—_— ) 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 (TS |In || Out | RTS 8
9 RI In <= | In RI 9
RalLuna Naprava
TxD RxD &
Pin3 Pin 3
DCE
Pin 2|4 Pin 2
RxD TxD
1 RalLunal n
D
Pin 3 Pin 3
)4 DTE
Pin2 Fin?2
RxD RxD
EZOZH,llcual y Gkram, Rozi
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"

¢ Vrste in razpored signalov napginskemkonektorju (DB9 Male):
RD (angreceivedata)- sprejem podatka
TD (angtransmitt data)d oddaja podatka
RTS (angequesttosend-zaht eva za poGiljanje podat ki
CTS (angclearto send o pripravljenost za sprejem podatka
DCD (ang. dataarrier deteci & sprejem prenosa iz oddaljene lokacije
DSR (ang. data setady) d pripravljenost za prenos podatka
DTR (ang. data terminaéady) o pripraviljenost za sprejem zahteve
Rl (ang.ringndicaton 6z azna pri hajaj ol i signal Iz i
GND (angground 6 ozemljitev

KonektorjaDB9 Femaleén DB9 Male r:g&,,n" @

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

VIN i Predavanja 12 E 2024, Trebar, Gkr aBrRh, RoOz]
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10. 1.2 RS

a). Enostavnane-usklajeno delovanje (ang.simple no-handshaking)

Komunikacija deluje s predpostavko,gfaejemnik lahko bere podatke iz vmesnega
pomnilnika (angbuffer predno je sprejet nov znak.

Podatek je poslan iz oddajnikairf TxD) in sprejet na sprejemnikypin RxD).

Nal i ni -2821 ovanj a

Prikaz povezave med dvema vozli GI ema:
a) 9pinskikonektor 8 9 pinskikonektor
b) 9-pinskikonektor 6 25 pinskikonektor

9 - pinov 9 - pinov 9 pinov 25 pinov

a)

TxD
2
RxD

RTS

CTS [«

DTR

DSR

GND

TxD

RxD

RTS

CTS

DTR

DSR

GND

b)

TxD
2
RxD

—» RxD

RTS

TxD

CTS [«

RTS

DTR

—»| CTS

DSR [¢

GND

DTR

—| DSR

GND

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

Znaka ASCI I st a upo-rCals)inkeneaprenoga (topdtrle@) e k ( st

VIN i Predavanja 13
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c)| Signali so uporabljeni za usklajevalno delovanje (ang. hardware handshaking
Ral und/il maprdva Ral unaRal kknhAl ni k 2

RALUNALNI K 2

RALUNALNI K V/I NAPRAVA RALUNALNI K 1
RxD -2 < 2 TXD RXD |2 RxD
TxD 3 > 3 RxD TxD DC TxD
GND |2 > GND GND |2
RTS - > " ers RTS 7::>C RTS
cts |8 < 8 | r1s crs 28 8 | crs
Mo ¢ konektor G e n Kkdnéktor Mo g konektor

c Pri mer

z

GND

Mo ¢ konektor

a prenos poavdtlk aN:APRANVULN AL NI KR/

RALUNALNI K 1

R1

R1

RTS

CTS

TxD |

— . ———————————————— — - —
+——— - - - - -  ————————— - <
— - —

VIN i Predavanja

V/I NAPRAVA ali
RALUNALNI K 2

CTS V/I

ali
RTS R2
RxD V/l ali R2

14 E2024,Trebar, GkraBRA, Roz]



R1 V/l aliR2

RTS CTS

R1 CTS RTS V/l aliR2
TxD RxD
podatek : :
|
|
Las '| |
—
(1) R1 aktivira signal RTS, ko Heli p

(2) KoVI/l ali R2 sprejme signal RTS na svoj CTS vhod, odgovori s signalom RTS,
ki ga R1 sprejme na vhod CTS, kar pomeni daV/I ali R2 lahko sprejme poda
( 3) R1 prilne s poGiljanjem podatka

VIN i Predavanja 15 E2024,Trebar, GkraBRh, RozI



R1 V/l ali R2
RTS CTS
R1 CTS RTS V/l ali R2
TxD RxD
Las
R
( 4) R1 konla poGil |

(5) Rldeaktivirasignal RTS
(6) VIl ali R2 odgovor deaktivirasvo] RTS

VIN i Predavanja 16 E2024,Trebar, GkraBRh, RozI



R1

R1

RTS

CTS

TxD

(1) R1 aktivira signal RTS k o

VIN i Predavanja

V/l ali R2

CTS

A XXX

RTS V/l aliR2

RxD

He l i
(2) KoVI/l ali R2 sprejme signal RTS na svoj CTS vhod,
odgovori s signalom RTE ga R1 sprejme na vhod CTS6) V/I ali R2 odgovor deaktivirasvo] RTS
kar pomeni daV/l ali R2 lahko sprejme podatek.
B)R1 pril ne podatkao Gi | j anj em

podatek

posl| at(4) Ribadmalt  kpoGi | | an|

17

(5) Rldeaktivirasignal RTS

E2024,Trebar, Gkr abra,

Ro z |
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10.1.3 Lastnosti RS -232

¢ Napetostni nivoji:
Logi IFK3Vao-15V;-5V do-15V

Logilna 0: +3V do +15 V; +5 V do +15 V

¢ Asinhronska komunikacigani urinega signala

¢ Format podatka

Prenos: Start,) &, Stofy; Ni paritetnega bita.
LSE MSE

Mark (1) -12v
| 0 [1[2]3[4]5]6 |7 [see
Space (D) +12v
c Asimetrilna povezava
Dvosmerna povezava (arfiglidupley
Povezava dveh naprav na isto maso (GND).
Vel ja oblutljivost na Gum.
Omejitev dol Hine povezave je 15 m.
¢ Baudnahitrost
Ob i I -a9p00l3ps
Druge standardne moHnosti: 1200bps2400,

VIN i Predavanja 18 E 2024, Trebar, Gkr abra,

4

Rozi



10.1.4 RS232 na osciloskopu (VIN LAB)

¢ Start bit , 8podatk bitov (obratni vrstni red), Stop bit (mirovno stanje
c Poslan znak na sli ki je 0b01001010O0

RIGOL F W 320ml

CurH:= 22 .Bus

Lmas2] B Lim 1 2] =k L fi 1= 4.64l

(aBER . AEL Time 1688.8u=s

VIN i Predavanja 19 E2024,Trebar, GkraBRh, RozI
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10.2 EIAITIA -485 (RS -485)

c Standard R885 definiree | e k't r i L n edddjnkevtlimjeirs t i
sprejemni kov za simetril no poveza

Dol ol a sdifemacdalniiprenog v,obe smdhaltduplexalifull-dupleX.
Priporol paricemmama&b ¢ u L i 2a emmejevanjenodbjojev.

Omo g ditrosti do 35 Mb/si n vel tpevezavd @ol1200 rwemdar ne
hkrat.i (vi G lkar kjoGa jjee hpaovesava I n o°b
NavodilujetakoGt evi | o oddaj ni kov, kot Gtevi
Le obremenitev ni preseHena, je | ahtk
Primer: halduplexin fullduplexstruktura vodila v R885

Rr% -— — %RT

o

HE E

B B @ o@

VIN i Predavanja 20 E 2024, Trebar, Gkr aBrRh, RoOz]



c Standard ne dolola posebnega protokol
protokolov uporabllaR&8 8 5 kot el ektri I niModbudandar
¢ Povezave postandarduB®R3 5 so zaradi si metpainickelboe p
uporabne v industrijskih okoljih:
Neoblutljive za Gum in premik potencial a
Ne povzrolajo motenj navzven (presluh na
MoHne so viGje hitrosti prenosa

Kjer ni zahtevana velika hitrost, so povezave lahko zelo dolge (npr. v procesni industriji)
Primer za raven kabel in sukaparico

Raven kabel f TLT,"—,TLT{' L/_

i i &= Tog I

Sukanaarica ﬁ‘\;@'ﬁ#

—

VIN i Predavanja 21 E2024,Trebar, GkraBRh, RozI



c Logi I B mnapetostni ravo
L o g i L:megatiGen napetostni nivo
Oddajnik: od-1,5V do-7V
Sprejemnik: 0d200 mV do-7V
L o g i L:pazitivén napetostni nivo
Oddajnik: od +1,5V do +12V
Sprejemnik: od +200 mV do +12V

¢ Minimalne napetosti
izhod oddajnika

VIN i Predavanja

+12V

+1,5V

0V 7

-1,5V

-7V

Izhod

oddajnika

Vhod

vhod sprejemnika

—_— +1_5u\ ~ -15V +2-[]-I:]m‘l.l'l x T-znnmv

E2024,Trebar,

+12V

+200mV

-200mV

-7V

sprejemnika

Gkr abRa,

Ro z |



¢ Za omejevanje odbojev se uporaldjea k | | u L | naebeh koncin (120)¢
upornostz a k | j uluiptovengea odvi sna od karnakt e
zato je standard ne specificira.

¢ Primer:
RS-485 oddajnik/sprejemnik
(ang. transceiver) f +

:F_______________jl 680W

| + 7

| 1 U, /

| | 120W a : |

: } % U_ 3 ! i E : {
|

| | || esow 001011

-t
|

| |

| |

| |

|_____IL ___________ ]

VIN i Predavanja 23 E2024,Trebar, GkraBRh, RozI



"

¢ Povzetek standardov RE32 in R$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

VIN i Predavanja 24 E 2024, Trebar, Gkr aBrRh, RoOz]



" JEE
10.3. CANBUS vodilo

CANBUS (ISGL18982):

Zgodovina - UL
Podrolja upor aBergdif) L e
Avtomobilskaindustrija ~ L ,L_' o
Industrijskaavtomatikgpametne stavb‘é """"""""""""""" | e L oo

Pregled protokola, arbitrakfF
Prakti [l ni pr i me2mprotokBla met na h

Lab. vaja LV5:
Gradniki in shem#estnega sistema
Programiranjesistema
Meritve signalowa povezavah

VIN i Predavanja E 2024, Trebar, Gkr aBrRh, RoOz]
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CANbus na kratko

1 CANbuso Controller Area N etwork bus

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

+ CAN bus na kratko :
serijsko vodilo can Baav
dve Hici (CAN_H,CAN_L)L[ napaj an,j]
difererncialniprenos signala i

odpornost na Gum.

max 1Mbit/s,40m,
sporolila do 8 bajtov (Y atenca)

1 CAN-FD standard, ISO 118982016
2MbpsS5Mbps do 64 Dbajtov/ syp

VIN i Predavanja E2024,Trebar, GkraBRh, RozI




" JEE—
CANbus na kratko

+  Komunikacijski protokol:
CSMA/CD

Carrier Sense Multiple Access/Collision Detecti@voidancé

Z NDA
Non-Destructive Arbitration

y Sporoli Il no orientiran
ni nasl ova, vsak®d $Hp@moadiakloo |
vsebina)

potrjevanje (ACK) vsaj enega sprejemalca

VIN i Predavanja E 2024, Trebar, GkraFE)m27 Ro z 1



" JEE—
CANbus na kratko

+ Diferencialni preno® b i | a panco Nam-&eturnTo Zero (NRZ)in bit-
stuffing.

} WireddAND povezava: vozli Gle z 1logil

s . - N i v
O . . ad o nrecessaivet) o0, 1. . a
1] 1 0 1 1 1] 1 1 0 0 1] 1 1 0 1
5 + + % £ i # + + % £ i } t + %
Do i na nt Vo lta
CAN Hi
2.5 Recessive Volta
CAN Lo
Do i na nt Valta
0

Driver Lo gic

VIN i Predavanja E 2024, Trebar, Gkr aBrRh, RoOz]
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CANbus na kratko

+ Prenos podatkov
Format okvirja
Protokolds por ol il no naravnan
Detekcija napak
Nivo Bitov (branje\abit stuffing)
Ni v o s gGRG,okvinACKinapakée

|dentifier Data
A A
~ Y ™~

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 . g2z
CEEEENRENENEIEENRYANRECCCENNARERRVANNENERVARIEENEONONE

11 bits 18 bits 4 bits < 8N bits (0<N<8) .;:15 bits J

Standard Extended CRC

Identifier Identifier LE:;?h 2;;’,,2;2;:

Code Data RO 7 |

VINTPrec... ... e, e,
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CANbus na kratko

Rezultat trenda potrebe po vel]j
Z d r u H I J | V S C A N In-bit-time detection “Free” transmission In-bittime detection
'S AN 4 A Y 4 A
. . Arbitration phase_ ACK phase
2 1 zbol | Gavi ; < I\ - y E——
D a | J Ge p 0 d at k ovahno p .y’ptqﬂ\llbitfsv {inoJM‘b,itlsandmgher. - ‘y‘ptjnM_bitlsv
Vi Gje bitne hitrosti v podatkovnem b
Classical CAN Header Trailer
- SOF ‘Datafield (upto 8 byte)  .-*~  ACKfield :
: Arbitration field - CRC field EOF
: Control field - e (IMF)
. SOF “Control .. ACKfield
- Arbitration field : field .. EOF
: Control field  : 8-byte ., (IMF)
: - data field :
- CRC field :
SOF Control field ACK field
Arbitration field 64-byte data field EOF
Control field CRC field (IMF)

VIN i Predavanja

E2024,Trebar,

Gkr abRA,
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CANDbus zgodovina
1 1983 PrviCANBUSprojekt - Bosch
+ 1986 : CAN protdkol predstavijen (BMW 850)
1+ 1987 PrviCAN mikrokontrolerji prodani
+ 1991 : CAN 2.0Aspecifkacijaobjaviljena
1 1992 : Mercede®enzuporabiCAN o mr e Hj e
1 1993 :1S0O 11898 standard
1 1995 :1SO 1189@amandma

} Dandanesv el | na v o ANbus ingustrjskakavtgmatika

VIN i Predavanja 31 E2024,Trebar, GkraBRh, RozI



" JEE
Uporaba CANBUS-a

} Zasnovan za avtomobilsko industrijo
1 Danes: Industrija/medicina

CANBUS Tr Hni del e Hi

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

Engine Anti-

Control Lock
Brakes [CAN 1
CAN CAN

High Speed

Engine Anti-

Control Lock
Brakes

Low Speed

CAN CAN
Trans- Active Trans- Active
mission Suspen mission Suspen-
Control sion Control sion
Conventional multi-wire looms CAN bus network

VIN i F GkraPERt,’B Roz
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" J
CAN (SAE J1939) Primer : Caterplillar 797

VIMS I

(ABL2M) Chassis Control

(ABL2C)

o 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

e omsessoan T 195 sensors and actuators
+ wireless data link

[Caterpillar]

VIN i Predavanja E2024, Trebar, Gkr aPE)F%'!\34 Roz



Caterplillar example

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 i Predavanja

——ifii==
il
=

DIFF QIL TEMF
SENSOR

o1 w

MONITORING (VIMS-II)

Mating Connector

153-3482

Mating Connector

147-1444 147-1445
INPUT COMPONENTS OUTPUT COMPONENTS
______ ———— e J— -
387812 ¢_ =) BT.0884
STEERING PRESSURE (HIGH) SWITCH BAYLOAD "ON"'JUR LamE
387808 = :
STEERING PRESSURE (LOW) SWTCH PAYLOAD MONITOR LAME
118-2808 IRED) [
AMBIENT AIR TEMP 1= - 107-2262 [
SENSOR VIME SERVICE LAME |
141-5785 I:D_ TBLUE; |
(EYSTEM) BRAKE AIR FRESSURE SENSOR — 107- 1583 !
158-9850 VIMS ACTION
AFTERCOOL WATER DE-OLANT LEVEL SENSOR ‘:‘:ﬂ]:ﬂﬂ’_ a2 e
1582830 : VIMG ACTION ALARM
JACKET WATER COOLANT LEVEL SENSOR =”ﬂ F]’_ | ET4434
180208 1 p———u] AUTO LUBE
STEERING GIL LEVEL l:l:ﬂ:]]]]— SOLENGID
SENOGRZG
STEERING OIL TEMS [ [ 1585022
SEM Pl am|  FOURGHSE CLUSTER W2 LiGHTs
RIGHT FRONT STRUT PRESSURE —
LEFT FRONT STRUT PRESSURE [t 6457 i
FENSOR SPEEDITAGH CLUSTER W2 LIGHTS i
RESHT REAR STRUT PRESSURE [t :
SENGTR
LEFT REAR STRUT PRESSURE e [l2xn] B8543
SEMBOR | T || Vs messasE cenTeR w2 LzkTs
102-1800
AUTOLUBE PRESSURE SENSOR
1248325
FUEL LEVEL e
SENSOR !
1851 |
DIAGNGETIC CONNECTOR [ECAD, ﬂl]— |
ET, FLASH) :
BG-3T6D fj]]_
TELEMETRY DOWNLGAD PORT |
e0-a174 f—{
CAB SERIAL DOWNLOAD PORT |
ECHM LOCATION CODE - — :
CAN DATA LINK (far fubare usa) - —
ALTERMATOR #1 R-TERMINAL .:t::l_
|
V6455 eonnn |
VIS KEYPAD WILIGHT L :
|
147-13007
CIMMER SWITCH
1488557
RACICLIM
183.2328
TIRE MONITOR (future) i
_____ _ __ __ |

E2024,Trebar,

Gkr abRa,

Ro z |



Caterpl

llar 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 i Predavanja

e

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

o W

BACKUP ALARMILIGHTS
RELAY
3E-5239
ACCUMLATORS BLEED
RELAY

107-1983

E2024,Trebar,

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

VIN i Predavanja

E2024,Trebar,

Gkr aPER'{t37
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"
CANBUS In OSI Model

1 CANj e zaprto omreHje
ni potrebe po varnosti, sejah in prijavah

n i zahtev po uporabni Gki | zkuGnj
yF1 ZzE I oni Il n podat kovni nNi vojl
Microcontroller 1 Microcontroller 2
Application i Application
Data Link Data Link
Physical T Physical

CAN Bus

VIN i Predavanja 38 E2024,Trebar, GkraBRh, RozI



"
Sporol i1 I no orientireé

} Vs ako vspejemni&Ineddajnik

y PoGi Il jatel jvspnooGalimj a sporolil o

} Vsa vozli Gl ai hesejodkskpbapbilali | e
} Vsa vozl iIsprejem beonapaki(ne vemo, katero je potrdilo)

Important message
from the wheel speed sensor!
Wheel speed is 100 RPM

VIN i Predavanja 39 E2024,Trebar, GkraBRh, RozI



" JEE
CANDbus napetostni nivojil SO-IS 11898

ARecesivni bit:
Aobe | inijdsvna pribliHno
A diferencialna napeto€€AN_H inCAN L &40V

ADominantni bit:
A CAN_H na pribl.3.5Vin CAN_L pribl.1.5V
A diferencialna napeto€AN HIinCAN L & W2

VIN i Predavanja E2024,Trebar, Gkr abrh, RROZ [



"
Format spor ol 1 | a

}'Vsako sporolil o 1 ma | D, podat
1 1D - 11 ali 29 bitov
} Data - do 8 bajtov
} Dodatki - start (SOF)CRC,ACKend(EOF)
|dentifier Data
A A
' Y N
CI’:J‘ 32 b 6 < 0-64 < 16 < 2 < 7
,_*,_CE Arbitration Control Data CRC Ack End of
‘S Field Field Field Field Field Frame
4% o 1 od & 3 | _
Ho olzala , Szl 2 . o 3e s
0 11 /) 0[0[0 / JT1 T T
I/ 1/ 7

11 bits < 18 bits > 4 bits < 8N bits (0<N<8) ==15 bits >

Standard Extended CRC

Idzztif?;r Idei?iﬁZr Data 0to 8 Bytes

Length of Message
Code Data

VIN i Predavanja 41 E2024,Trebar, GkraBRh, RozI



. Field Name Bit Description

Length
SOF 1 Start of frame
J - |dentifier 11/29; Represents the message
F O rl' ' l at S O r O I a (green) 12/32 | priority (11 or 29 bits for
standard CAN and extended
CAN; 12 or 32 bits for CAN-FD)
RTR (blue) 1 Remote transmission request
. IDE 1 Identifier extension bit
CAN vs. RS-485: Why CAN Is on the Move — : e e

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
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Arbitra h a(NDA- Non-Destructive Arbitration

1 ArbitraH@&p ot r ebna,
} Do konca

S p o r oshnhole@en naanhkrdt o

k o

}+ Vo z | ber€d vadiloin oddajajo samo v trenutkih neaktivnosti
} Vozlzi Glvai Gj o 0 ndtolhadpljujejoozroddajoe t o

Oops, excuse me!

Impo... l

Critical message
from the engine!
Oil Pressure is 5 PSI

VIN i Predavanja

Q

9
| [o[oPNalo[o[ 1[0 o)
Contro — AN _
“Critical Messa@e/ En, m': 196”
Speed

0
“Important Message / Wheel Speed = 19E”

43

)

vedbjativkwaz | 1 GI' pos Kkt
oddaj a
E2024,Trebar, GkraBRh, RozI
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Arbitra h a(Non-Destructive Arbitration

} Pomembnost

ni Hj a

1 Vodilo:

spor ddjeml a | e
¥vvie@na spomembnos:

)

dol

0 O(dominantni bit) na vodilu prevlada nadL (Gecesivni bit) na vodilu

ryLe naprava:

oddad libered 085 izgubaar t bi t r aHe
odda in bere enak@> nadaljuje z oddajo

1

9

[ T ¢

0

1

1

0/0

1l

0E1

1

0

1

9

|E

0

1

1

0/0

1

1|I

Enging 0
Contro — i, i
“Critical Message / Enfm‘i =196”

0

VIN i Predavanja

44

Wheel 0
Speed “Important Message / Wheel Speed = 19E”

E2024,Trebar,

Gkr abRa,
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Wired AND vezava

Stanje@ 0 domipantno stanje)
previada

na vodilu

ostala stanjalo (recesivno stanje) na vodilu.

5V 5V
Bus State: recessive (High) Bus State: dc;ﬂiﬂam (Low) |j
CAN-Bus CAN-Bus
(single logical L L L (single logical H J L L
bus line) bus ling)
T T T R T R T R T
QO L] L = @ 18]
> > => L = =>
o 0 ‘W m ‘0 ‘0
w L] wl " w wn
@ 8 2 E 8 8
o o 2 O o o
Mode A Node B MNode C Node A Mode B Node C
VIN i Predavanja 45 E 2024, Trebar, Gkr aBRa,

Ro z |



" I
Pri mer aBESMAICaANDA

CSMA/CD NDA'T 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

VIN i Predavanja E 2024, Trebar, GkraFE)I%46 Ro z 1



Osciloskop: primer

CANbus komunikacije

4—!-

www.ti.com The CAN Bus
Tek j 2. '-T.HM'H;'Q 4 Ar‘qq
S s
A e ety """-'-"‘”'r""""""""" VA=t Tin
MW\WN U\I NM\M*-
Data _ _ : A
UACKbIt N T
Node B . UI\M(I MJ _HHJ’:CKIM._L
Data -,/ - - “ ‘ H 5] |\
~ ACK bit Node C wins arbitration 1 1
e Mw—-ﬂkil o T S P 4 ATt w"l,u : :
Node C
Data :

'20(1'»-'"

ch3 2.00V

CI‘|2 '5 ' Mzﬂ 0|.15 CI12J‘ '
Cha 5.

Figure 8. CAN Bus Traffic

A



" JE
CANBUS - Hitrost komunikacije in razdalja

1 Do 1 Mbit/sec.
1 Standardne hitrostd MHz, 500KHz and 125KHz
1 Max lengthdo 5000m, odvisno od:

1 hitrosti

} lastnosti povezav

500

vy ozakl julitve
topol ogi j e, §20

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
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Mohnost i real i zacl | e

Node A Node n

Application @

3. 7 eg

Host-Controller 80C166 ! C167CR:

eoo |
| ! |or C515G
CAN-Controller 81COx 1| CAN |

CAN-Transceiver

CAN_H
120

120
CAN-Bus Ohm

Ohm
40m/ 130 ft

@ 1 Mbps

VIN i Predavanja 49 E2024,Trebar, GkraBRh, RozI



" I Sistem vgrajen v

I
CANbus v praksi INTEGRA BIYSTEM zgradbo FRI !

Industrial & Building Automation

High level network
(Ethernet A-Bus,
Modbus)

CyBrocontroller

Low level network
(Canbu$

Dodatki (tipala, daljinci, S=2 N — = % .;\
X0

VIN i Predavanja E 2024, Trebar, Gkr aBrRh, RoOz]




'__ t NA YSNJ LINR LJ2 NJ
INTEGRA BI8YSTEM 52f OAY IS KA NJ
Bus length

Regarding bus length, two points must be considered:

1. Voltage drop

. . . Secondary power suppl
Wire resistance cause voltage drop, which depends of Ye PPy

cable length, wire diameter and power consumptio@able B {1+ +H{+H1{] coobp
must be selectedo ensure each module have at least the 2V sz 2V 2y :‘li’ v

ini f B — {17 s
minimum specified voltage. 5 v oy 5 & =y
2. Signal delay

Communication speed is limited with propagation time and Network topology

bus topology. Withdefault 100kbpshaudrate, 100m is safe
without restrictions.For a longer distance, cable must be

connected ira line (without trunks) and properly terminated. FREE
Speed Topology FREE LINE

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

20kbps 500m 1000m

VIN i Predavanja E 2024, Trebar, Gkr aBrRh, RoOz]



a kOIa 3. n|V9—> Application Application
INTEGRA BIiYSTEM
Physical Physical
|EXprotocol
. CAN Bus
(nadgradnja CANBUS)
IEX PROTOCOL v2.8 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 P network address data _‘CRCh
(8 bit) (21 bit) (0-8 bytes)
Commahd summary
b28 b27 b26 b25 b24 b23 b22 b21
o |
— NAD 0 unikatni naslov IEX modula
< \:inmané\ \,\‘
0000
0001
0010
IX_DATA 0011 1 xxx | data(1..4) binary inputs 070-07 Exxxxxh
QX_DATA 0 xxx_ | data(1..4) binary outputs 060-06Exxxxxh
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 0EO0-0EExxxxxh . .
E 2024, Trebar, Gkr abBRh, RozI
| BAUDSYNC [1111 ] 1 | [ 111 |- | autobaud syncmsg | 1FFFFFFFh |

Microcontroller 1

Microcontroller 2




"
t NA YSNJ LINA LJ2 NP
INTEGRA BIYSTEM . f A A
Cablingtopology & Termination 1t 2dz0 Sl yesS

1) Total IEX-2 bus length <100m

. Cantroller
5m om
— — D |:| Expansion module
20m 20m —1om 20m

CYBRO-2 5m —  |EX-Z cable
Total line length: 95m 1
no termination neccessary Om
2) 100m< Total IEX-2 bus length <200m
n — — 7 [ 24000m Termination
20m — 40m 60m oD
CYBRO-2 am CANL
1200hm internal CANH
R +24V
Sm
Total line length: 180m [ ]
3 segments of 60m, terminated 10m 20m 20m D E] 2400hm

(1200hm™+2400hm ™ +2400hm)'=600hm
3) 200m < Total IEX-2 bus length <300m

B (]

40m
CYBRO-2
1200hm internal

Total line length: 250m
single line, terminated

o (] E]1200hm

VIN i Predavanja E 2024, Trebar, Gkr aBrRh, RoOz]



. .
'.C_ Primer centralnega

entralni krmilnik rmilnika

Cybro -2 1-GND
2 - CANL

3 - CANH

4 - +24V

Ethernet
pOft 2 X RS232 CAN

port interface

Core Digital and analog

Modular /0 Communication
Block and statud. ED
signalization

Retentive and
230V AC or permanent EEPROM
Removable

24V DC memory
connectors

VIN i Predavanja E 2024, Trebar, Gkr aBrRh, RoOz]



" N

Primeri IEX MODULE -
I
modulov FC ol &

FC

fan coil module

Digital outputs Digital outputs
Hot and cold water valve Three speeds fan
SPECIFICATIONS: \\\\\\ [/
1 x digital input O TTTTTHT TG
5 x relay output %::‘:’::%’::%‘ Si] [Bisisisisis
. ] g o 2
2 x input temperature 2E3388 858853
measurement % 2 g > 2
24V DC power supply o= 1 | m | &)
consumption: 110mA = B
O
e
MECHANIC: s o5 3320
. x6 PoP 286386
field mountable ST [SrSTo]
_\ 1 1 " 1 i 1 -
TYPE 77 S\ \ Ay
FGFB Window SW/tch// \ IEX 2 compattble device
Digital input External temperature sensors ES or ES-W

VIN i Predavanja E 2024, Trebar, Gkr aBrRh, RoOz]



.'.P_

IEX MODULE

rimeri
modulov

230V AC

IEX bus
+24V

CANH
CANL
GND

-

Outgoing cable

s ; GND
oo ) CANL
= ; CANH
e : +24V

CAN

Incoming cable

=]

a3

Qo

Window switch _»

H@o

BE5t 289 1°

- !Illl
§¥gses gaegil

IKe)

|

N

Fan coil

1
L cold

v

Lhot |

Lfs3 |
L)

Lfs2 g

L fs1

(

<

]
]

-

_ L)

N

E2024,Trebar,



= __
Primeri

modulov IEX MODULBIO-

Wiring diagram

+24V

==L}

o
o.»
00
&
o5

X0 08 K1 X2 CT I3 IX4 CBIXS IXE CB X7 1M C10 X8 E10C K
19 20 1 B B M B B i< - T R O R

IEX-:

PR
Systam .

Bio-24T

1212 digial inpuisioulpuls

i 2 3 4 5 6 T B 1% 0 11 12 13 14 15 16 1T 18

QXD C1 QX1 QX2 C1 QX3 OX4 C2 QX5 QB C3 OX7 0OX3 C4 QX8 X105 axXii

+24V

Bio-24T

IEX2 module

12 opto-isolated PNP transistor
outputs 1A

12 opto-coupler inputs 24V

cYaprd-=
1-+24v 0 | X 1-GND
2- CANH ;zl 10 ‘ 2-CANL
3 - CANL w= ) : 3-CANH
4 - GHD Bio-24R 4 - e2ay

A

Figure 3: IEX-2 input and output ports.

=

ov

0|5 @SS ®l@ST

power supply E2024,Trebar, GkraBRh, RozI



'_
Primeri

modulov IEX MODULE SW  SWAL y

Digital inputs: connectors for SWIE;PES ————————— [EX2 m—dd—u—l—e --------------------- .
4 switches ‘

4 LEDlIluminations

Designedfor LegrandBticinoand

TEM switches

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

VIN i Predavanja E 2024, Trebar, Gkr abra,



Primer IDE CYPRQ@ SOFTWARE
CyPro IDE =

& 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)
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GAGYA LINAYSNAR AT OSRoO6S

haNBJlyeSs LINI

Primer zimskegadnex@ ht (2LX 23y S 6 NLJ

HVAC HeatPump COP g
4.0 "
COP ToplotnaMol
o b
3.0 - ]
. N ElektricnaMol
Podatki S a0 g
1.0
RS 232 ‘ ' |
0.0
18 28 22 a 2 4 [ ] 1@ 12
W Heating Boiler Last: ©.8 Avg: 1.5 Min: 0.0 Max: 1.9
[ Heating House Last EJ 7 Avg: 3.3 Min 0.6 Max: 3.7
& Tiniah 2011. ALL rights reserved. Unauthorised use prohibited.

Primer zimskegadnevadz6 A Y {1 2 A 02a G NB] c

HVAC Ventilation Efficiency é
A A ., A - N 'u‘—f' 2
t NBT NI 680Fyes & w g
.. = 20 =
S -
toplote (rekuperacija) £ e -
C 40 i
. . o
Filter Indikator, S a
o] | ———
18 28 22 ] 2 4 [ 8 w® 12 14 18 18 28 22
. O ventilation ON
VklOp/IZkIOp', 3 W Eff/10 Level 1 Cur: 24.0%  Avg: 89.0%  Min: 15.8%  Max: 98.7%
M Eff/10 Level 2 Cur: nan% Avg:  nan% Min: nan% Max: nan%s
Kontrola pre‘Dka Temperatures o Dutdoor‘ I Indoor l AIR Intake l #IR Exhaust [O Mo data
® Tiniahom= 2011. ALl rights reserved. Unauth =d use prohibited.

S v ergk temp- Zunanjizrak temp. %]
Izl z |zralptemp- Zunanjizrak temp.

VIN i Predavanja E 2024, Trebar, Gkr aBrRh, RoOz]
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10A6YA LINAYSNR Al OSRo6S vy

Zalivanje(vrt, zelenica, ribnik)

Primer poletnega dneZalivanje

Za“vanje Irrigation Sprinklers' Activity
(vrt, zelenica, ribnik)
[ray a.8
o
S -
| =
S .. tok S a4 -
2] enzorjl preto BLE I
0.0 |
; 20 22 2] 2 4 [ 8 e 12 14 18 18 20 22 ]
ey | 1N O Grass South Last: ©.0 Avg: 0.0 Min: 0.0 Max: 1.0
VklOp/leIOp H Grass West Last: ©.0 Avg: 0.0 Min: 0.0 Max: 1.0
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 i Predavanja E 2024, Trebar, Gkr aBrRh, RoOz]
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VIN i Predavanja

Yy A
Tipala

Zaznave (¢gi b@imgra

Motions

g
. |
g 4.0
= o d L‘ J [l :
5 L 'l YR
T .o Al TR DR & N R X1 i Y S
in | 2
c 1.0 n
5 ]
& 0.8
=]
° a0
18 20 22 2] 2 4 [ 8 10 12 14 18 18 20 2
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
@ Tinishome 2011. ALl right= reserved. Unsuthorized use prohibited.
Brightnesses 2
1o@ z
2
£ ¥
n B
o =] o
= L e e 1
o] &
r 40 ‘ =
o i
5 20
“ l
]
12 14 16 18 20 22 ] 2 4 & 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%
O Gallery Cur: 85.0%  Avg: 43.2% Mln 0.0% Max: 85.0%

® Tinishome 2011. ALL right= reserved. Unautherized 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

\Y

hi

gi

E2024,Trebar,
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J1TUGAG6YA LINAYSNI yIRI 2N} A

Osvetlitev (aktuatorji)

Auli se upravljajo v skupinah

aregulacija = _ o _ _
razsvetljave Abil ajno krmiljena s pomoljo scen i

A/klop/izklop BIG24Rin BIG24T AStatilndnecene Prehrana, Obi sk, Romant.i

fevezna regulacija  LJ2 YORG 2 2 ADogodkovne scene: Ko se vklopi TV, nastavi bl
balastov- Cybrotechmodul LED

A manj gevanje porabe

él,_asovne( ilzklliopi po dol ol enem | asu odso
A/ kl opi | ul sea potrebnok(toenuina osvettjenost)
Zvezha - MANastavi zveznpotrébud stoprgoa(giene na asvetljenost)
regulacijs ¢
= = 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
o | 1.0k
]
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 i Predavanja
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-1 O0AB6YA LINAYSNI yIRT 2N} A
tF aAQy2 23INBG

ASttegnegmaa roletkin:a z r ol et a mi
)\a@fY}‘?lr)V‘Ia’ obil ajno:
AOdprtav toplemvremenuz a bol j go o gpoletje)l it ev
Azaprta v hladnem vremenu za ohranjanje toplote  (zima)
ugna, obil ajno:
AOdprta v hladnem, geopasivmoegrevanje @ima pomlad)
Aaprta v vr olpstrpregrevanjue n u (poletje)
Aalivzije:

A I t dmhajo 8a8ja:

Zapto mnk: 05 { SY6SYy206/mnl%ene ali zaprte ob izrazitem sonl|lnem
Odprto(50%), Solarno pasivno AOdprte v fAisolarnio poziciji ob sonl|lnih
(25%), Dvignjeno(0%).

o AMotorizirana okna (s komarniki) :
AVotorizirana okna: AOdprta v poletnih noleh za pasivno ohl a

VKklop/Izklop
0-100%

t NAYSNI adlyea NREtSO Ay (SYLISNI

Velux Shutters

Temperatures,Humidities

108

o) ———

40

28 —

South= =North
@
[ 11
[T 1]
I I |
=
S
degrees °C/Humidity %

1]

EEERE

|- - 18 20 22 4] 2 4 [ g 1e 12 14 1le 18 20 22
1 -1ee W Humid-Living Cur: 55.2%  Avg: 54.7%  Min: 50.1%  Max: 57.%%
2 I . 20 2 0 2 4 3 8 19 12 14 1. 1.8 20 22 @8 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
. . L , O Temp. -Gallery Cur: 21.2°C Avg: 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
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Lab. vaja 0 meritve CANBUS

|lzmerite stanje na vodilu pri :

-Razli I'nih zakl julitvah na
Odprte sponke, 500o0hm, zakl |

-Dveh razlilnih bitnih hit.:!

VIN i Predavanja E 2024, Trebar, Gkr aBrRh, RoOz]
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Lab. vaja 0 kontrolni program

Monitor Program

£ Perindic tasks

History Em”a”ab'e Pale ¢ fpiclock_18s) then
e bioBB qx82 := *bioBd _qxB2 ; /f Red LED ewvery 18 secs
Bin0_ix00 e LT -
end_if ;
bio0_ix01 -
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 i Predavanja E2024,Trebar, GkraBRh, RozI



Lab. vaja 0 meritve

500kb/s:

Odprte sponke 5000hm 1070hm

wp. ...................................................................................... — wp. ...................................................................................... — wp. ...................................................................................... —

CH1= S@@ml) CHZz  SEEmU Time 1.068us CH1= S@&m CHZz  SEEmU Time 1.068us CH1= S@&ml) CHZz=  SEEmU Time 1.068us

3 zavitki UTP kabla s spojnikic c a 4 0 mé

VIN i Predavanja E2024,Trebar, GkraBRh, RozI



Lab. vaja - meritve

100kDb/s:

Odprte sponke 5000hm 1070hm

wp. ...................................................................................... — wp. ...................................................................................... — wp. ...................................................................................... —

CH1= S@@ml) CHZz  SEEmU Time 5.068US CH1= S@&m CHZz  SEEmU Time 5.068US CH1= S@&ml) CHZz=  SEEmU Time 5.068US

3 zavitki UTP kabla s spojntkic ca 4 0 mé

VIN i Predavanja E2024,Trebar, GkraBRh, RozI



Lab. vaja 0 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

ﬁ L
Roz

.

|||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
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Lab. vaja - meritve

. -
BAsAAAAASRRRAAAAAAAA F n 3.12y

v

Nezakl|l jul ena

213 2NN\

=
WidD=1.000us Umaxil)=4.44V
s 1.99Y Time 2.000us @>0.0000s

+hl i d(1) =tk Umaxi= 3.92V mitat
{— 1.88U CHZ=| Time 2.000us ©>0.0000s
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Lab. vaja 0 STM32 kot IEX modul
STM32FDiscovery+ shieldMikroE iF splcrock 1bs) 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
stn00_ix00
I_'—']—]—'—'|—[—'—]_slm00_qmﬂ
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

VIN i Predavanja E 2024, Trebar, Gkr aBrRh, RoOz]
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RS-485 vs CANBUS

Podobno/enako: Prednosti CANBUS :

Diferencialni prenos Mult-masteroddajanje )
CANBUS arbitraHa
_ _ RS4855konflikt, poraba toka, segrevanje
Zakl julKitev 120 Dodatna preverj al
CRC, format sporol
Dodatna preverjanja(bitni nivo)
Prednosti RS485 - Spremljanje stanja linije (poslano/sprejet

Vi Gj a 8 toi35Mbidss t Potrditev (Acknowledgy
’ . . : Bit-stuff (6. bit)
Obe staniji sta aktivno vodeni

CANBUS Wired AND) ima
recesivno in dominantno stanje

Kako r

Multi-master

CAN RECEIVER

R5-485 DRIVER
1 CANH

B - INVERTING

A = NOM-INVERTING \ _ |
CANL
DOMINANT RECESSIVE

VIN i Predavanja E2024,Trebar, GkraBRh, RozI



" JEE
10.4. MODBUS protokol

MODBUS:
Opi s protokola it n fizilni
PrimeriModbuskomunikacij:
A STM32F4 (MBnastel) <-> PC (MB slave)

A Cybrokot MB Sl ave (v) Gje nivoj sk

A Smarteh LH2 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 i Predavanja E 2024, Trebar, Gkr abra,

Rozi
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MODBUS na kratko

y Vi Gj e nivoj ski koHfeni kaci | ski proto
Razlilni afizil nf—o—nivoj.i
RS232 oo
RS485 —— \ TCP/IP
TCP
Send Request >
1 Sporolilno orienti :
Serijska komunikacija: €S TTerons
ASCII (v obl?k? ASCII znakov) _ Master \&
RTU (v obliki posameznih bajta¥vrednosti) Slave
Ethernetkomunikacija: ——
TCP (v obliki TCP paketov z bajtivrednostmi) S——
dvosmerna komunikacija R

zahteva (MBVastel) 6>
<0 odziv (MB Slave)

V/1 prostor: digitalniV/I, analogni V/I
MB ukazi FunctionCodesd FC)

VIN i Predavanja E2024, Trebar, Gkr aFER'I\76 Roz



" JEE—
MODBUS na kratko

Y

Serial Line
Master/Slave HDLC

RS-232 | RS-485 RS-485

OSI MODEL Modbus Serial Modbus Plus Modbus TCP

E2024,Trebar, GkraPERtﬂ
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" N

MODBUS na kratko

} Sporol il no orientiran
Serijska komunikacija:
ASCIl (v obliki ASCII znakov)
START ADDRESS FUNCTION DATA LRC CHECK END
1 C':*AR 2 CHARS 2 CHARS n CHARS 2 CHARS 2 ggﬁ:}s
RTU (v obliki posameznih bajta¥vrednosti)
START ADDRESS FUNCTION DATA CRC CHECK END
T1-T2-T3-T4" 8 BITS 8 BITS nx8BITS 16 BITS T1-T2-T3-T4"

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

Ethernetkomunikacija:

TCP

VIN i Predavanja

(v obliki TCP paketov)

Application Data Unit (ADU)
A

~

Modbus TCP/IP ADU
(This information is embedded into the data portion of the TCP frame)

4 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 e Modbus Frame With
Identifier identifier Field ’ Code TCPAP Transmission
(2 Bytes) (2Bytes) (2 Bytes) (1 Byte) (1 Byte) Varies

L J

Modbus Serial Frame

GkraPERb78 Roz



" JEE
MODBUS na kratko

dvosmerna komunikacija
zahteva (MBJ/astel) 6>
<d 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 i Predavanja E 2024, Trebar, GkraPERbm Ro z 1



"
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 FunctionCodesd FC)

r-=—=-=--= P - -=====- FTT T T T T T T T TSI E T E S ST ST
: ) fljcri(;:;g?_ _i_ _ Action j_ ________ TableName Fug(;:(;ié)n i Action i Table Name

| 01(0lhe) | Read | Discrete OuputCoils ___ 04(04hex) | _Read | AnalogInputRegisters
| 05(05hex) | Writesingle | | Discrete Output Coil . 03(03hex) | Read | Analog Output Holding Registers
i- 15 (OF hex) i_Write multiplei_ Discrete Output Coils 06 (06 hex) 1 Write single F Analog Output Holding Register

i 02 (02 hex) i Read i Discrete Input Contacts 16 (10 hex) Write multiple;,  Analog Output Holding Registers

1 1 1

s S

VIN i Predavanja E2024, Trebar, Gkr aPERBO Roz
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MODBUS 0 Primer 1: STM32 < ->PC (USB VCOMPort)

1 PC0O 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:|decima|+,f- v[ Prot: IMODBUS RS-232
Coil Outputs  (000000)

Address 40 Digital Inputs (100000)  |+2 | 43 | +4 [+
400001-400010 O Analog Inputs (300000 3 3
Holding Regs (400000) 1P} 13 14 10

400011-400016 10 !
Extended Reqgisters

1 STM32F4 MB masterSW :

// ——= 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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https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/STM32_USB_Modbus_Demo
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MODBUS 0 Primer 1: STM32 < ->PC (USB VCOMPort)
2ATEOAO OAI Al EE 1A AGAE DOI
1 Preveritev MODBUS ukazov: - v Viddewres  odbus

- in dodatek za Master funkcionalnost
- temelji na viru:
https://github.com/armink/FreeModbus_Slave -

/A Slave ID=1, Read state of 8 coils address 0 Master - RTE STM32

errorCode = eMBMasterReqReadCoils(1,0,8,1); // RXbuffer [3]; - predelano za USB  VCOMPortkomunikacijo in
] ) lastne podatkovne strukture

I - Slave ID=1, Write ON state to one coil on addresses 0 -7

errorCode = eMBMasterReqWriteCoil (1,MBCnt,0xFF00,1); - Modbus Slave (server) simuliramo na PC
] . strani z aplikacijo :

I - Slave ID=1, Write ON state to all coils on addresses 0 -7 - https://sourceforge.net/projects/ modrssim?2/

errorCode = eMBMasterReqWriteMultipleCoils  (1,0,8, &MBCnt,1); - izberemo ustrezen COM port ( VCOMPortod

. . STM32F4)

I - Slave ID=1, Read from 8 discrete inputs on addresses 0 -7

errorCode = eMBMasterReqReadDiscretelnputs (1,0,8,1); /I result in RXbuffer [3];

I - Slave ID=1, Read from 2 analog input registers from addresses 0 -1

errorCode = eMBMasterReqReadlnputRegister (1,0,2,1); // results in RXbuffer [3 - 6];

I - 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];

I - Slave ID=1, Write state 511 of 1 analog output register on addresses 0 -15

errorCode = eMBMasterReqWriteHoldingRegister (1,MBCnt,511,1);

I - 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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https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/STM32_USB_Modbus_Demo
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MODBUS 0 Primer 2. Cybro kot MB slave

Cybro supports:

Function codes:

code hex command
¢ Modbus RTU slave (RS232/RS485) 1 01h READ COILS
e Modbus TCP slave (Ethernet] 3 03h READ HOLDING _REGISTERS
5 05h WRITE_SINGLE COIL
6 06h WRITE_SINGLE REGISTER
15 OFh WRITE_MULTIPLE_COILS
16 10h 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 0 Primer 3: Smarteh Lir -2 termo tipalo 16x12

\ d

Prilagam kratek dokument z navodili za priklop in zagotovitev praviinega delovanja
komunikaciie medIRH &Sy T 2NBSY GSNJI 2aSo0yAY NI 6c

t2€S3 GS3I LONIUoHhBHc¥im/ OS5 M oyhlsy. )do
GitHubrepozitorija, kjer se nahaja osnovpgthonskripta,ki jo lahko uporabite, kot |
2ay202 11 ATRStlI@2 @FOAK fFaldyAK LINRZ2

V navodilih je na koncu tudi kratek opis uporalmelatnega projekta za barvni

2T ANRYF G2LX 20yA AT NRAa T1F2SGAK YSNRGG

LAttt yIElylFIRY2® t 2usSmanudllzLiRSkeSa LINS

LI2ZRNBOYS20A 2LAa GaSK NBEIAAUNZG AY s

Person present: True

t20Af2rY OS R2RIFGYA LINR2S1G 12tS3l 52YyIl >
nbahko ga poganjate, kar prelexe

datoteke, navodila za uporabo projekta pa so ravno tako opisana v dokumentu, ki

asSy 3l Lkratlt G6SN}a2®

Infrared array
Table 1: Features sensor WHITE  +U
Infrared array sensor 12 x 16 Pixel YELLOW GND
Light indication === BROWN RS485-A
Modbus RTU communication protocol : GREEN RS485-B
2 analog outputs 0.. 10V PINK AO1 - Analog Output 1

IP65 AO2 - Analog Output 2

Light sensor

_de =
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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

"

10.5 Universal Serial Bus (USB)

cPovezovalni standard USB je bil o
specifikacieze abl e, pri kl julLke in protokole za
komunikacijo in napajanje med osebni mi ralunal ni Ki I n

cZa razvo,j i n v ZdndblerReaterscorymgUS8 kFr)b,i kU S Br k |

podjetja, kot so: Hewlett Packard, Intel, IRirporation, RenesasMlicrosoft

cCilji, ki so jih Helel:i dosel i, prii r
Nastavljanje stikal al i mostilev na kart
Pr i I nstal aci ji novi h V/I naprav ne bpo t

Samo ena vrsta kabla za vse vrste naprav.

V/I naprave naj dobijoapajanje po USB kablu .

MoHnost prikljulitve do 127 V/I naprav n
Podpora napravam,kiel uj ej o v realnem Lasu

Naprave nananeGLlmotHn ome d (adgehotplugnj e m

Po instalaciji nove naprave naj ne bi bilo potreben ponovni zagonréaefy. r al u n al
Povezava naj bi bifsceni.
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USB 9 na kratko

c El ekt ridlvnoos meer ntao si metri I na povez:
linij (ang. halflupleX.
Nizke hitrosti prenosa: LS pw-speed = 1,5 Mb/s
Visoke hitrosti prenosa: H3igh-speed480 Mb/s
Maksi mal mia =8m!| Hi na:
c Za preprelevanje odbojev se uporabl |

paral el na zakl jul=19W.v ppdd%g_ezmni <

T

45Q 45 Q)

¢ Podatki se prenaGajo med dxotpaketi Zapr a\

vsakim paketom se prenese dol ol eno Gte
cLogilno je UKBBt smrsdlime ¢evipmed §SBanapravami in
korenskim vozli Glem (gostiteljskim kr
c Vsi prenosi potekajo med KkoPFrewossnkd m v C
napr avami n i mo He n
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