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Examen TR57
Régulation de la température d'un véhicule par noya temps réel PICOS

Les différents organes électriqgues d'un véhicatd pilotés par un microcontréleur PIC de la
famille dsPIC30F, et le noyau temps réel PICOS.

Le sujet traite dans un premier temps la mise eareed'une seule tache PICOS (tacheb)
permettant de contrdler la température dans l'agleitdu véhicule a I'aide d'un contrdleur Pl dant |
sortie agit sur la commande d'un hacheur sériesaliamt un ventilateur et sur la commande d'un volet
de sélection tout ou rien air chaud / air froid. d@mmunication par bus CAN entre le dsPIC30F et
I'ordinateur de bord est ensuite étudiée.

I Réqulation de température

L'asservissement et le modeéle de I'ensemble émmgstle chauffe + habitacle est modélisé de
la maniere suivante :

Tref +—§§e Régulateur | Uref Hacheur U K T
A —> PI + Volet 14-T[:p
|
Le hacheur permet de piloter la tension d'alimématu ventilateur. Elle dépendra du rapport
cyclique de la PWM générée par le microcontrdl&arfonction de transfert est assimilée a H(p)=1.
Le volet permet de sélectionnée l'arrivée d'almaud (moteur) ou froid (extérieur). Il est pilotarp
l'intermédiaire d'une sortie numérique du microd@etr : 0 : sélection de l'air froid, et 1 : sédiec
de l'air chaud.
La tension de commande du systéme de chauffe fmmetide la maniére suivante :
» Si Uref >0 : Réchauffement de I'habitacle :
0 La consigne du hacheur sera égale a abs(Uref)gfdans ce cas)
0 La consigne du volet sera positionnée sur chaadiesnumérique a 1
» SiUref <0 : Refroidissement de I'habitacle :
0 La consigne du hacheur sera égale a abs(Uref)ref dans ce cas)
0 La consigne du volet sera positionnée sur fromrtiesnumérique a 0
I.1  Identification du systéme de chauffe

La courbe ci-dessous représente la réponse en itatmeea un échelon de commande Uref = 2.5V en
boucle ouverte. En déduire graphiquement les parami etr du modele.

Température en °C

et tension en Volts
10

T T
| |
| |
+ -
| |
| |
+ -
| |
| |
T -
| |
|
T al
| |
| |
T q
| |
| |

| |

| |

1 L

| | |

| | |
0 100 200 300 400 500 600 700 800 900 1000
Temps en secondes



.2 Périodicité des taches d'asservissement (périodeédhantillonnage)

Le modele obtenu précédemment asservi par uncteareproportionnel de gain Kp = 2 est
simulé. La consigne de température Tref est fix®. Les courbes sont représentées ci-dessous
(Uref est représentée a titre indicatif afin d'éealles saturations dues au choix du gain Kp).
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Déterminer I'expression de la fonction de transferboucle fermée et en déduire les valeurs ligéra
et numériques de la bande passante FO et de lt@antsdge tempe) :

T(p) _ FO =
Tref(p)

70 =

En déduire la fréquence d'échantillonnage Feosi diésire qu'elle soit 25 fois plus grande que la
bande passante en boucle fermée. Exprimer égaldéapétiode d'échantillonnage en millisecondes.

Fe = Te =

.3  Alarme permettant la périodicité de la tache
Pour effectuer la tache d'asservissement de lpé&eature, on utilise une alarme de période Te
dont I'évenement posté ASSERVT_EVENT permet delsymiser I'exécution de la tache a chaque
période Te.
» Sans détailler le code, indiquer quelles sonttages permettant de déclarer I'alarme
* Indiquer comment configurer la fréquence de I'akai@ie.

.4  Synthése du correcteur PI
« Rappeler la fonction de transfert en p du corrediyparallele Uref(p)/e(p).
e Déterminer la fonction de transfert en z Uref(2)e(
e En déduire I'équation récurrente exprimant Uref(n).



I.5  Ecriture de la tache5 réalisant I'asservissement
Le calcul de l'asservissement se compose dessé&tapaentielles suivantes :
« Lancement des conversions analogiques numeéridaastionlance_AD()
e Attente de la fin des conversions : fonctigait_ AD()
e Lecture des résultats de conversion Tref (regBBEBUFOQ) et T (registre ADCBUF1)
e Calcul de Uref a partir de I'équation récurrente ifhise a I'échelle des grandeurs sera
considérée comme déja réalisée grace aux valesigailes du correcteur)
» Pilotage du volet d'arrivée d'air : fonctiealet(x)avec x = 0 : air froid et x = 1 : air chaud.
» Pilotage du ventilateur en agissant sur le rappartique PDC1 qui est 'image de Uref.
Ecrire le code associé a la tache5 en utilisantolestions données ci-dessus et sans tenir congste d
initialisations des périphériques du microcontréléwcune interruption n'est utilisée pour ceteh&

1 Transfert de données par bus CAN

On étudie la communication par bus CAN entre fwateur de bord (nceud 1) et le régulateur
de température (nceud 2). Le nceud 1 est constitnéDBP contréleur TMS320LF2407A cadencé a
40 MHz. Le nceud 2 est constitué du dsPIC30F4011lesprel est implantée la régulation de la
température de I'habitacle. Seule la programmationceud 1 est étudiée.

Bus CAN

Noeud 1 Nosud 2 Neceud 3 Noeud4
DSP dsPIC

Principe de communication :

* Le noeud 1 effectue la récupération d'informatioeguils les autres nceuds a partir du bus
CAN afin d'assurer la centralisation de la gestthn véhicule. Les échanges entre le
nceud 1 et le nceud 2 s’effectuent a la fréquenc&Oddz conformément au principe
suivant : le nceud 1 envoie une trame de requéteeled 2 répond en envoyant une trame
de 8 octets comprenant 4 mots de 16 bits (Tref)réf et Iv le courant dans le moteur du
ventilateur)

* Les transmissions CAN s’effectuent au standard 20dAbauds.

* Le nceud 1 utilise la mailbox 2 pour envoyer la tate requéte et recevoir la réponse du
nceud 2.

» Latrame de requéte envoyée par le nceud 1 au neelidi@ntificateur 11 bits 0x400.

* Aucune autre trame de requéte d’identificateur OxA@st envoyée tant que le nceud 2
n'a pas répondu. Le sémaphdreokpermet de mémoriser une réception correcte.

» La réception des trames par le nceud 1 s'effectuénferuption (CANMBINT -> INT1)
et mise en buffer circulaire.

1.1 Filtrage des messages
Dans les deux cas suivants, indiquer quels ideatéurs seront acceptés par la mailbox de réception
numéro 2 configurée avec l'identificateur 0x400 :

» lorsque les masques de filtrage ne sont pas stilisé

» lorsque le masque de filtrage suivant est utilisM1_H = 0x100C

1.2  Arbitrage
En cas d'émissions simultanées de plusieurs antmesds, indiquer quels seront les messages
prioritaires par rapport a celui d’identificatew4@0.



[I.3 Configuration du contr6leur CAN du DSP

Ecrire en langage C la fonctiamid initCAN(void)réalisant I'activation, l'initialisation du conke@r
CAN (aucun masque de filtrage n'est utilis€) aigee la déclaration et l'initialisation du buffer
circulaire de réception.

1.4 Configuration du Timer 3

Le Timer 3 du TMS320LF2407A est utilisé pour déclegr une interruption (T3PINT->INT2) a la
fréquence de 10 Hz. Ecrire en langage C la fonctimid initTimer3(void)réalisant l'activation et
l'initialisation du Timer 3.

[I.5 Emission des requétes par le nceud 1
Ecrire en langage C le sous-programme d'interraptiterrupt void interT3PINT(voidyéalisant la
transmission de la trame de requéte a la fréquisd® Hz.

1.6 Réception des trames par interruption et mise en biter circulaire

Ecrire en langage C le sous-programme d'interraptiterrupt void interT3PINT(voidyéalisant la
réception et le stockage dans le buffer circuldies données regues sur le bus CAN (on considere
pour simplifier que toutes les données recues pnownt de la mailbox2).

II.7 Lecture des trames envoyées par le nceud 2
Ecrire en langage C le programme principal réalisariecture des parametres Tref, T, Uref et Iv
stockés dans le buffer de réception (le traiterdestdonnées n’est pas traité ici).

[1.8 Bande passante occupée par les transferts noeudheeud 2
Déterminer le pourcentage de la bande passaniseypilr les seuls transferts entre le nceud 1 et le
noeud 2.



Annexes

_— CLKSRC LPMA1 LPMO CLK PS2 CLK P31 CLK PSO _— SCSRA
ADC CLKEN SCI CLKEN SPI CLKEN CAN CLKEN EVB CLKEN EVA CLKEN —_ ILLADR
i n
Registres du contréleur CAN
. A o .
Registres CAN Adpresses des boites a lettres (Mailbox)
Address Name Description Mailboxes
T100h MDER Mallbox Direction/Enable Register (bits 7 to 0) Registers MBOX 0 WMBOX 1 MBOX 2 MBOX 3 MBOX 4 MBOX 5
7101h TCR Transmission Control Register (bils 15 to 0) MSGiDaL 7200 7208 7210 7218 TZ20 T228
= e e MSG IDnH 7201 7200 721 7219 7221 7229
7103n MCR Master Control Register (hits 13 10 6, 1, 0) s CIRbD, 70 L i ik o) e
7108 BCR2 Bit Configuration Register 2 (bits 7 to 0) Ratnad
MBXnA 7204 7206 7214 210 7224 220
7105 BCR1 Bit Configuration Register 1 (bits 10 10 0)
MBXnB 7208 7200 7215 7210 1225 7220
T108h ESR Error Slatus Register (bits 8 to 0)
MBXnC 7208 720E 7216 721E 7226 7228
7107h GSR Global Status Register (bits 5 103, 1, 0)
MBXnD 7207 720F 217 721F 1227 122F
Ti08h CEC ‘CAN Emror Counter Register (bits 1510 0)
7100h CAN_IFR Interrupt Flag Register (bits 13 ta 8, & o 0]
T10Ah CAN_IMR Interrupt Mask Register (bits 15, 1310 0)
7108h LAMO H Local Acoeptance Mask for MBOXO and 1 (bits 31, 28 to 16)
710Ch LAMO L Local Acceptance Mask for MBOXO0 and 1 (bits 1510 0)
7100n LAMT H Local Acosplance Mask for MBOX2 and 3 (bils 31, 28 1o 16)
T10Eh LAMT L Local Acceptance Mask for MBOXZ and 3 (bits 15 to 0}
710Fh Ressrved Acoesses assert the GAADDRx signal from the GAN peripheral
{which will assent an lllegal Address error)
Nota:  Allunimplemented register bils are read as 2ero; wriles have no effect. Allregester bits are initlalized to zero unkess other-
wise staled |n the definition.

Registre d’identification des messages (MSB) : MSGIDnH

Initialisation des Mailbox

15 14 13 12-0 Bit 13
[10e T anE | nan IDH[2616] |
RW RW Rw RW
Note: R =Read acoess; VW = Write access
Bit 15 IDE. Identifier Extension Bit.
0 The received message has a standard identifier (11 bits).T
The message to be sent has a standard identifier (11 bits).t
1 The received message has an exiended identifier (29 IJi(s).T
The message to be sent has an extended identifier (29 bits).¥
1 In case of a receve mailbax
# In case of a ransmit mailbox
Bit 14 AME. Acceptance Mask Enable Bit.
Q Mo acceptance mask will be used. All identifier bits in the received .
message and the receive MBOX must match in crder to store the Bits 12-0
message
1 Ihe corresponding acceptance mask Is used
This bit will not be affected by a reception
This bit is relevant for receive mailboxes only. Hence, it is applicable for
MBOX0 and MBOX1 and also for MBOX2 and MBOX3, if they are configured
as receive mailboxes. It is a don't care for mailboxes 4 and 5.

AAM. Auta Answer Mode Bit,

0 Transmit  The mailbox does not reply to remaote requests
mailbox automatically. If a matching identifier is received, it is
not stored,
Receive Nao influence on a receive mailbox,
mailbox
: | Transmit  If a matching remote request is received, the CAN
mailbox peripheral answers by sending the contents of the
mailbox.
Receive No influence on a receive mailbox
mailbox

This bit is only used for mailboxes 2 and 3. This bit will not be affected by a
reception

IDH[28:16]. Upper 13 Bits of extended identifier. For a standard identifier, the
11-bit identifier will be stored in bits 12 to 2 of the MSGID's upper word.

Registre d’identification des messages (LSB) : MSGIDnL

| mj:;g-m 1 Rq : L’identificateur ne peut étre modifié que si la
= Mailbox concernée est désactivée (MEn = 0 dans

Note: R = Read access: W = Wiite accass

Bits 15-0

IDL[15:0]. The lower part of the extended identifier is stored in these bits,

Registre champ controle des messages : MSGCTRLn

MDER)

15-6 4 3-0 Bits 3-0
| Reserved RTR DLCI30] ‘
RW RW

Note:

Bits 15-5

Bit 4

R = Read access; W = Write access

Reserved.
RTR. Remote Transmission Request bit
0 Data frame.

1 Remote frame.

DLC. Data Length Code.

This value determines how many data bytes are used for transmission. This
field will be updated by the received data frame (i.e., the DLC value of the data
frame received will be copied in this field).

0001 1 byte

0010 2 bytes

0011 3 bytes

0100 4 bytes

0101 5 bytes

0110 6 bytes

0111 7 bytes

1000 8 bytes




Registre masque d’acceptation local : LAMnL (LSB) et LAMnH (MSB)

15-0 16 14-13 120

[ LAMN[15:0] ] |LAM\ Reserved LAMN[28:16]
RW-0 RW-0 RW-0

Noté: R = Read acosss; W = Wirte acoess; value following dash (=) = value aher reset Note: R = Read acoess; W = Wite accass; value following dash (-] = value after reset

Bits 15-0  LAMN[15:0]. Lower part of the local acceptance mask. These bits enable the

masking of any identifier bit of an incoming message.
0 Received identifier bit value must match the identifier bit of the
receive mailbox

4 Accept a0 ora 1 (don't care) for the corresponding bit of the
receive identifier.

Bit 15 LAMI. Local acceptance mask identifier extension bit.

o The identifier extension bit stored in the mailbox determines which
messages are received (standard or extended).

1 Standard and extended frames can be received. In case of an ex-
tended frame, all 29 bits of the identifier are stored in the mailbox
and all 29 bits of the global acceptance mask register are used for
the filter. In case of a standard frame, only the first eleven bits (bits
12-2 of LAMn_H) of the identifier and the local acceptance mask
are used.

Bits 14-13 Reserved.
Bits 12-0  LAMn[28:16]. Upper 13 bits of the local acceptance mask.

0 Received identifier bit value must match the identifier bit of the re-
ceive mailbox. For example, if bit 27 of LAM is zero, then bit 27 of
the transmitted MSGID and bit 27 of the receive mailbox MSGID
must be the same.

1 Accepta Qoral(don't care) for the corresponding bit of the re-

ceive identifier.
, P
Adresses de stockage des données des Mailboxes en RAM

Register/Databyte Address RegisteriDatabyte Address :
MSG — IDOH 7201h MSG - IDOL T200h .
Reserved 7203h MMSG - CTRLO 7202h *
Databyte 0, Databyte 1 (DBO = 1} Databyts 2, Databyts 3 (DBO = 1) i

7208h (B) 7204h (A)
Databyte 3, Databyte 2 (DBO = 0) Databyte 1, Databyte 0 (DBO = 0) MSG - IDSH 7256h MSG —iD5L 7998h
Databyte 4, Databyte 5 (DBO = 1) Databyte 6. Databyte 7 (DBO = 1)
Datab: 7. Databyte 6 (DBO = 0 T20m(0) Datah: 5, Databyta 4 (DBO = 0 7208015 S e e

Hiabate R FBET=0) ISEYRSC ety A TDER = 1) Databyte 0, Dalabyte 1 (0BO=1) - Datsbyte 2 Datanyte 3(DB0=1)

MSG ~ID1H 7208 MsG=I01L F2080 Databyte 3, Databyte 2 (DBO = 0) n Databyte 3, Databyte 2 (DBO = 0)
Reserved MSG - CTRL1 720Ah Databyts 4, Databyle § (DBO = 1) Databyte B, Databyte 7 (DBO = 1)
Dtabyte 0. Databyle 1 (0BO=1) Databyte 2, Databyle 3(0BO=1) Databyte 7, Databyle 8 (DBO =D} 22 " Databyte 5, Databyle 4 (DBO=0) 220"
Databyie 3, Databyte 2 (DBO = 0) Databyle 1, Databyte 0 (DBO = 0} T The DBO (data byte order) bitIs Iocated In the MCR register and is used to define the order n which the data bytes are stored
Databyte 4, Databyte 5 (DBO = 1) Databyte &, Databyta 7 (DBO = 1) in the mailbax when received and the orderin which the data bytes are fransmitted, Byte 0 is the first byte in the message and

720Fh 720Eh Byte 7 is the last ane shown in the CAN message.

Databyte 7. Databyte 8 (DBO = 0) Databyte 5. Databyte 4 {DBO = 0)

Configuration des Mailboxes

Modes de configuration
A mailbox can be configured in four different ways:

1 Transmit mailbox (mailboxes 4 and 5 or 2 and 3 configured as transmit)
can only transmit messages.

|1 Receive mailbox (mailboxes 0 and 1) can only receive messages.

1 Mailboxes 2 and 3 configured as receive mailboxes can transmit a remote
request frame and wait for the corresponding data frame if the TRS bit is
set.

1 Mailboxes 2 and 3 configured as transmit mailboxes can transmit a data
frame wherever a remote request frame is received for the corresponding
identitier, it the AAM bit is set.

Trames de requéte

Situation at mailbox: Setting of corresponding flags:
remote frame (RTR = 1)
Transmit mailbox

0 R
(®)

il
1
Transmit mailbox | _ remote frame (RTR=1)
(AAM = 0) <
remote frame (RTR=1)
(C) | Transmit mailbox

The answer is received in this receive mailbox if permitted er in @ mailbox of anath-
er CAN module if it is configured for this frame

data frame TRS=1.TA=1

(not received)

Note:

After successful transmission of a remote frame, the TRS bit is reset but no
transmit acknowledge (TA) or mailbox interrupt flag is set.

data frame

RMP =1

(D) | Receive mailbox II <
remote frame (RTR=1)
(E) | Receive mailbox |-

CPU handles situation

RFP=1,RMP =1

remote frame (RTR=1)
(F) TRS =0, TA remains O,

no mailbox interrupt asserted

The receive mailbox contains the ID, RTR, DLC, and TRS of this mailbox (2 or 3) = 1.
The answer is recejved in this receive mailbox, if permmed, or in a mailbox of another
CAN module if it is canfigured for this frame.




Registre Direction/Autorisation des mailboxes : MDER

15-8
| Reserved ]
7 & 5 4 3 2 1 a
[ wos T woz T wes ME4 MEs [ mE2 ME1 =
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

Note: R = Read access; W = Write acoess: value following dash () = valus aher reset

Bits 15-8  Reserved.

Bits 7=6 MDn. Mailbox direction for mailbox n. Mailboxes 2 and 3 can be configured as

a transmit or receive mailbox.

Mailbox direction bits are defined as follows:
o Transmit mailbox.
5 Recelve mailbox.

After power-up, all bits are cleared.

MEn. Mailbox-gnable for mailbox n. Each mailbox can be enabled or disabled.
If the bit MEn is 0. the corresponding mailbox nis disabled. The mailbox must
be disabled before writing to any identifier field.

Bits 5-0

Ifthe correspanding bitin ME is sel, the write access to the identifier of a mes-
sage object is denied and the mailbox is enabled for the CAN module.

Mailboxes that are disabled may be used as additional memory for the DSP.

Mailbox enable bits are defined as follows:
o Disable mailbox.
1 Enable mailbox.

Registre de contrdle des transmissions : TCR

15 u 13 12 1 10 s 8
[ ms e [t [ e | oms [ oA [ o | e |
RC-0 RC-0 RC-0 RC-0 RC-0 RC-0 RC-0 RC-0
7 6 5 4 a 2 1 [}
[ res TRs¢ | Trss [ Trs2 [ TRRs | TRRa | TRRa [ TRRz |
RS-0 RS-0 RS-0 RS-0 RS-0 RS-0 RS-0 RS-0

Mote: R=Reads

cress; C = Clear: S = Sel only: valus fallowing dash {-] = value afier reset

Bits 15-12 TAn. Transmission Acknowledge (for mailbox n)

If the message in mailbox n was sent successfully, bit TAn is set

Bits TAn are reset by writing a 1 from the GPU. This also clears the interrupt
ifaninterrupt was generated. Writing a 0 has no effect. If the CPU tries to reset
the bit while the CAN tries to set it, the bit is set.

These bits set a mailbox interrupt flag (MIFx) in the IF register. The MIFx bits

TRS bits can be set by the CPU (user) or the CAN module and reset by internal
legic. If the CPU tries to set a bit while the CAN fries lo clear it, the bit is set.
TRS bits are set by the user writing a 1. Writing a 0 has no effect.

In the eventof a remote frame request, the TRS bits are set by the CAN module
for mailboxes 2 and 3.

The TRSn bits are reset after a successful or an aborted transmission (if an
abort is requested).

Anwrite o a mailbox with TRS set will have no effectand will generate the WDIF
interrupt if enabled. A successful transmission initiates a mailbox interrupt, if
enabled.

TRS bits are used for mailboxes 4 and 5, and also for 2 and 3 if they are config-
ured for transmission.

initiate a mailbox interrupt if enabled; that is, if the corresponding interrupt Bits 3-0 TRRn. Transmission Reguest Reset (for mailbox n).
mask bit in the IM register is set. . . .
. ; TRR bits can only be set by the CPU (user) and reset by internal logic. In case
Bits 11-8  AAn. Abort Acknowladga (for mailbox. n). the CPU tries o sel a bit while the CAN module lries to clear i, the bit is set.
If transmission of the message in mailbox n is aberted, bit AAn is set and the The TRR bits are set by the user writing a 1. Writing a 0 has no effect.
2::;:: At i L Pl Ll T If TRRn is set, write access to the corresponding mailboxnis denied. A write
- y - access willinitiate a WDIF interrupt, ifenabled. If TRRn s setand the transmis-
Bits AAn are reset by writing a 1 from the CPU. Writing & 0 has no effect. If the sion which was initiated by TRSR is not currently processed, the correspond-
E?g ::5 toreset a bit and the CAN Iries to set the bit at the same time, the ing transmission request will be cancelled. If the correspending message is
Bits 7-4  TRSn. Transmission Request Set for mailbox n). currently processed, this bit is reset in the event of:
In order to initiate a transfer, the TRSn bit has to be set in the TCR register. 1) A successful transmmsmr" .
After this, the entire transmission procedure and possible errar handling is 2) An abort due to a lost arbitration
done without any CPU involvement 3) An error condition detected on the CAN bus line
It TRSnis set, write access to the corresponding mailbox is denied, and the If the transmission is successful, the status bit TAn is set. If the transmission
message in mailbox nwill be transmitted. Several TRS bits can be set simulta- is aborted. the corresponding status bit AAn is set. In case of an error condi-
neausly. tion, an error status bit is set in the ESR.
The status of the TRR bits can be read from the TRS bits. Forexample. if TRS
is set and a transmission is ongoing, TRR can only be reset by the actions
described above. If the TRS bit is reset and the TRR bit is set, no effect occurs
because the TRR bit will be immediately reset.
. ~ - .
Registre de controle des réceptions : RCR
5 4 13 12 n 11 9 8 Bits 7-4 RMPn. Received Message Pending (for mailbox n).
[ reea T mere [ mept [ Rero M [ Ruz [ Rag [ Ao | If a received message is stored In mailbox n, the RMPn bit is set.
ReD Ao Reg e iz Fes . i The RMP bits can only be reset by the CPU and are set by the CAN internal
r 5 B s 3 L ! 0 logic. The RMPn and RMLn bits are cleared by writing a 1 to the RMPn bit at
| rws [ mwpz | mupt | Rwpo | opcs | oecz | orct [ oeca | the corresponding bit location. If the CPU tries to reset a bit and the CAN tries
RC-D RC-0 RC-0 RC-0 RW-0 RW-0 RW-0 RW-0 to set the bit at the same time, the bit is set,
Note: R = Read access; W = Write access: C = Clear; value following dash () = value after reset A new inr,uming message will overwrite the stored one if the OPCn bit is
Bits 15-12 RFPn. Remote Frame Pending Register (for mailbox n) cleared. If not, the next mailboxes are checked for a matching identifier. When
Whenever a remote frame request is received by the CAN Peripheral, the cor- the old message is overwritten, the corresponding status bit RMLn is set.
tedponcin biL RFPn 1 s, The RMP bits in the RCR register set the mailbox interrupt flag (MIFx) bit in
Itmay be cleared by the CPU ifthe TRSnis not set; otherwiss, it is reset auto- the CAN_IFR register if the corresponding interrupt mask bit in the CAN_IMR
matically. If the CPU tries to reset a bit and the CAN Peripheral tries o set the register is set. The MIFx flag initiates a mailbox interrupt if enabled
bit &t the same time. the bit Is cleared. ) '
Bits 3-0 OPCn. Overwrite Protection Control (for mailbox n).

Bits 11-8

If the AAM bit in the MSGIDn register is not set (and thus no answer is sant
automatically), the CPU must clear bit RFPn after handling the event.

If the message is sent successfully, RFPn is cleared by the CAN Peripheral.
The GPU cannol interrupt an ongoing transfer,
RMLn. Receive Message Lost (for mailbox n).

If an old message is overwritten by a new one in mailbox n, bit RMLn is set.
RMLn ie net est in mailboxee that have the OPCn bitset. Thus, a meesage may
be lost without notification.

These bits can only be reset by the CPU and can be set by the internal logic.
They can be cleared by writing a 1 to RMPn. If the CPU fries to reset a bit and
the CAN tries to set the bit at the same time. the bit is set

Ifone or more RML bits inthe RCR register ara set, the RMLIF in the CAN_IFR
register s also set, This may initiate an interrupt if the RMLIM bit in the
CAN_IMP register is sl

If there is an overflow condition for mailbox n, the new message is stored/
ignored depending on the OPCn value. If the corresponding OPCn bit is set
to 1, the old message is protected against being overwritten by the new mes-
sage. Thus, the next mailboxes are checked for a matching identifier. If no oth-
er mailbox is found, the message is lost without further notification. If OPCn
bit is nol set, the old message is overwritten by the new cne.




Registre de contrdle maitre : MCR

15-14 13 12 1 10 9 8 Bit 9 WUBA. Wake Up on Bus Activity.
| Reserved I Shed ‘ e ‘ il | e | e — I 0 The module leaves the power-down mode only after the user writes a
RW-0 RW-1 RIN.0 RW-0 RW-0 RW-0 0 to clear PDR.
7 6 52 1-0 1 The module leaves the power-down mode when delecting any
I = | pi s T | dominant value on the CAN bus.
=
| il | £ Bit8 CDR. Change Data Field Request.
RW-0 RW-0 RW-0
Nots: R = Read aceass: W = Wrlis acoess: value following dash (<) = valus afler resat The CDR bitis applicable for mailboxes 2 and 3 only and in the following situa-
Bits 15-14 Reserved. tion: 1) either {or both) of these mailboxes are configured for transmission and
: 2) the corresponding AAM bit (MSGIDxH.13) is set.
Bit 13 SUSP. Action on emulator suspend. The value of the SUSP bit has no effecton ) P 9 ( )
the receive mailboxes. 0 The CPU requests normal operalion.
a Soft mode. The peripheral shuts down during suspend after the 1 The CPU requests write access to the data field of the mailbox in
current transmission is completed. MBNR (also located in MCR). The CDR bit must be cleared by the
1 Free mode. The peripheral continues to run in suspend CPU after accessing the mailbox. The CAN module does not transmit
the mailbox if the CDR is set. This is checked by the state machine
Bit 12 CCR. Ch: Confi Ri 8 e
d Ande Contaalch Bagie . before and after it reads the data from the mailbox to stare it in the
0 The CPU requests normal operation. It also exits the bus-off state transmit buffer.
after the obligatory bus-off recovery sequence. )
1 The CPU requests write access to the bit configuration registers Bit7 ABO. Auto Bus On.
(BCRn). Flag CCE in the GSR indicates if the access is granted. CCR ;
must be set while writing to bil liming registers BCR1 and BCR2. This 0 The bus-off state may only be left after 12811 consecutive
bit will automatically be set to 1 if the bus-off candition is valid and the recessive bits on the bus and after having reset the CCR bit.
ABO bitis not set. Thus, it has to be reset o exit the bus-off mode. 1 After the bus-off state, the module goes back to the bus-on state after
Bit 11 PDR. Power-Down Mode Request. 128 = 11 consecutive recessive bits.
Before the CPU enlers its IDLE mode (if IDLE shuts off the peripheral clocks), Bit6 STM. Self-Test Mode.
it must request a CAN power down by writing to the PDR bit. The CPU must 0 The module is in normal mode
then poll the PDA bit in the GSR, and enter IDLE only after PDA is set. . T R Self-Test 'd In th T AN i
" e m ule is in Sell-Test mode. In is mode, e module
0 The power-down mode is not requested (normal operation). generates its own ACK signal. Thus, it enables operation without a
1 The power-down mode is requested bus connected to the module. The message is not sent but read back
" and stored in the appropriate mailbox. The remote frame handling
BiEAD DBD: Dt BylD ?rder‘ i s with Auto Answer mode setis notimplemented in STM. The received
0 gmefgl;a g;edcewad or transmilted in the following order: Data byte message ID will not be stored in the receive mailbox in this mode.
L
1 The dala is received or ransmitted in the following order: Data byle Bits 5-2 Reserved.
01234567,
r 1 Bits 1-0 MBNR. Mailbox Number (for CDR bit assertion).
Note:
The DBO bit Is used to define the order in which the data bytes are stored The CIPU requests a W’imlaccesa tothe data field for the mla”bc‘ hav-
in the mailbox when received and in which the data bytes are transmitted. ing this number and configured for Remote Frame Handling. These
Byte 0 is the first byte in the message and Byte 7 is the lasl one as shown are mailboxes 2 (10) or 3 (11), but not 0, 1, 4 or 5.
in the figure of the CAN message (Figure 10—4).
Registre de configuration binaire 1 : BCRI
15-11 10 -8 Bits 2-0  TSEG2[2:0]. Time segment 2.
| Reskived SBG EIWIEOL | TSEG2 defines the length of PHASE SEG2 in TO units.
RW-D RW-0
4 . . The value of TSEG2 is programmable from 2 to 8 TQ in compliance with the
formula:
[ sam TSEG1-(3:0) TSEG242:0) |
e e e (SJW + 1) = TSEG2 = 8.
Nota:  F=Readacosss; W = Writn access: aks 1oBowing dash i) = valia ater resst Note:  Since the TSEG2([2:0] value is enhanced by one by the CAN module,
the value that is written in bits [2:0] Is actually (TSEG2 — 1), where TSEG2 is
. the timing segment referred to in  Figure 10-17, CAl Bit
Bits 15-11 Reserved. 'ﬁming| "8 g : ou AN .
Bit 10 SBG. Synchronization edge. 2 =
Q The CAN module resynchronizes on the falling edge only. Note:
1 Rasarved. The user-defined values for the SJW, TSEG1, and TSEG2 parameters are

Bits 9-8  SJW. Synchronization jump width.

SJW indicates by how many units of TQ a bit is allowed to be lengthened or
shortened when resynchrenizing with the receive data stream on the CAN bus.
The synchronization is performed with the falling edge (SBG = 0) of the bus
signal. SJW is programmable from 1 to 4 TQ.

Note:  Since the SJW[1:0] value is enhanced by one by the CAN module, the
value that is written in bits [1:0] is actually (SJW — 1), where SJW is the timing
segment referred to in Figure 10-17, CAN Bit Timing.

Bit 7 SAM. Sample point setting.

This parameter sets the number of samples used by the CAN madule to deter-
mine the actual level of the CAN bus. When the SAM bit is set, the level deter-
mined by the CAN bus corresponds to the result from the majority decision of
the last three values. The sample points are at the sample point and twice be-
fore with a distance of 1/2 TQ.

0 The CAN module samples only once.
1 The CAN madule samples three times and makes a majority decision.
Bits 6-3  TSEG1[3:0]. Time segment 1.

This parameter specifies the length of the TSEG1 segment in TQ units
TSEG1 combines PROP SEG and PHASE SEG1 segments (CAN protocal).
TSEG1 = PROP SEG + PHASE SEG1.

The value of TSEG1 is programmable from 3 to 16 TQ and must be greater
than or equal to TSEGZ.

Note:  Since the TSEG1[3:0] value is enhanced by one by the CAN module,
the value that is written in bits [3:0] is actually (TSEG1 - 1), where TSEG1 is
the timing segment referred to in  Figure 10-17, CAN Bit
Timing.

Baud Rate =

these parameters.
L

enhanced by one (by the internal logic) when the CAN module accesses

CAN Bit Timing
Nominal bil tme
SYNCSEG ) SR
| | |
! fo o —| f- o
" 15EG1 : TSEGZ
PR S U SN SR (T S
T 1 L L
— 1
k: 11a i

Sample point

Trafesmt point

loix = 1 —
{BRP + 1) < B Tme ~ TQ B Time (1 bits per second)

[Bit Time — TSEG1 + TSEG2 + 1 ]
(avec TSEGI=TSEG1[3..0}+1 et TSEG2=TSEG2[2..0]+1)

CAN Bit Timing Examples for Ig| k = 40 MHz

Sampling
TSEGI[3.0] TSEG2[2.0] BitTime BRP Point Baud Rate
4 3 10 3 60% 1 Mbit's
10 7 20 3 80% 500 Kbit's
El 4 16 ] 68.8% 250 Kbit/s
14 8 25 15 84% 100 Khits
1 8 20 39 85% 50 Kbi's




Registre de configuration binaire 2 : BCR2

15-8
[ Reserved |
7-0
[ BRP[7:0] |
RW-0
Note: R =Read access; W = Wrile sccess; value following dash (] = value after reset
Bits 15-8  Reserved.
Bits T-0 BRP. Baud Rale Prescaler.

Bits 7 to 0 of this field specify the duration of a time quantum (TQ) in CAN mod-
ule system clock units, The length of cne TQ Is defined by:
BRP+ 1

loux

Ta=

where || ik is the frequency of the CAN module system clock which is the same
as CLKOUT,

Principe de configuration du Bit Timing

:

Nomal mode (CCR = 0)
(CCE =0}

Configuration mode requested
{CCR=1)

(CCE=0)

-

Wait for configuration mode (CCR =1)
{CCE=0)

(CCE =0,

(CCE=1)

.

| Changing of bit timing |

Configuration mode active (CCR = 1) |

parameters enabled

Normal mode reguested
(CCR=0)
(CCE=1)

$7

| Wait for normal mode |

(CCR =0y
(CCE = 1)

(CCE=1)

Les interruptions du controleur CAN

Registre des indicateurs d’interruption CAN : CAN_IFR

15-14 13 12 n 10 E 8

| Resarvad IEEEEE CHEECEEGEETE
R-0 RO RO R0 R0 R0
7 [ 5 4 3 2 1 0

| Rsvd RMLIF | AAIF [ WDIF WUIF [ BOIF ‘ EPIE | WLF I
RC-0 RO-0 RO RC-0 RC-0 RC-N RC-0

Note: R = Read access; C = Clasr: valus follawing dash (-) = value aflar reset

Bits 15-14 Reserved.

Bits 13-8  MIFx. Mailbox Interrupt Flag (receive/transmit)
a No message was transmitted or received

1 The corresponding maiibox transmitted or received a message
successfully.

Each of the six mailboxes may initiate an interrupt. These interrupts can be a
receive or a transmit interrupt depending on the mailbox configuration. If one
of the configurable mailboxes is configured as Remote Request Mailbox (AAM
sel) and a remote frame is received, a transmil interrupl is sel afler sending
the corresponding data frame. If a remote frame is sent, a receive interrupt is
set after the reception of the desired data frame.

There is one interrupt mask bit for each mailbox. If a message is received, the
corresponding RMPn bit in the RCR is set. If a message is sent, the corre-
sponding TAn bit in the TCR register is set. The setting of the RMPn bit or the
TAn bit also sets the appropriate MIFx flag in the CAN_IFR register if the corre-
sponding interrupt mask bil is set. The MIFx flag generates an interrupt. The
MIMx mask bits in the CAN_IMR register determine if an interrupt can be gen-
erated by a mailbox.

Bit 7 Reserved.

Bit 6 RMLIF. Receive Message Lost Interrupt Flag.
0 No message was lost.
1 An overflow condition has occurred in at least one of the receive
mailboxes.
Bit5 AAIF. Abort Acknowledge Interrupt Flag.
0 No transmission was aborted.
1 A "send transmission” operation was aborted.
Bit 4 WDIF. Write Denied Interrupl Flag.
0 The write access to the mailbox was successful.
1 The CPU tried to write 1o a mailbox but was not allowed to.
Bit 3 WUIF. Wake-Up Interrupt Flag.
0 The medule is still in the sleep mode or in normal cperation.
1 The module has left the sleep mode.
Bit 2 BOIF. Bus-Off Interrupt Flag.
4] Tha CAN modula is still in the bus-on made.
1 The CAN has entered the bus-off mode.
Bit1 EPIF. Error Passive Interrupt Flag.
0 The CAN madule is not in the error-passive mode.
1 The CAN module has entered the error-passive mode
Bit 0 WLIF. Warning Level Interrupt Flag.

0 None of the error counters has reached the warning level.
1 At least one of the error counters has reached the warmning level.

Registre des masques d’interruption
14 12 1

15 13 10
| ML [ Reserved [ minis | MIN4 Mitg3 | MMz [ MM ‘ MIMG |
RW-0 RW-0 R0 RW-0 RW-0 RW-0 RW-0
7 3 5 4 3 2 1 0
[ ew | rwem T pam [ wom wont [ eom [ erm T owm |
RW-D RW-D RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
MNote; R = Read access; W = Write access; value following dash (-] = valus afier resat

Two additional cantrol bits are included in this register:

Bit 15 MIL. Mailbox Interrupt Pricrity Level
For the mailbox interrupts MIFS — MIFO.
] The mailbox interrupts generate high-pricrity requests.
1 The mailbox interrupls generate low-pricrity requests
Bit 14 Reserved.
Bits 13-8  See section 10.6.1, CAN interrupt Flag Register (CAN_IFR), an page 10-34
Bit7 EIL. Error Interrupt Priority Level.
For the error interrupts RMLIF, AAIF, WDIF, WUIF, BOIF, EPIF, and WLIF,
0 The named interrupls generate high-pricrity requests.
1 The named interrupls generale low-priority requests,
Bits 6-0  See section 10.6.1, CAN interrupt Flag Register (CAN_iFR), an page 10-34.

CAN : CAN_

IMR

Exemple de programmation du contréleur CAN
- Activer le controleur et les broches (SCSR1, MCRB)
- Désactiver les Mailboxes (MDER)
- Initialiser I'ID et DLC (MSGIDnL, H et MSGCTRLn)
- Initialiser les masques de filtrage (LAMO(1)L(H))
- Programmer le Bit Timing (voir organigramme)
- Activer la ou les Mailboxes
Envois : - Initialiser les données MBXnA, B, Cet D
- activer une requete d’envoi (TCR : bits TRSn)
- attendre I’acceptation de 'envoi (TCR : bits TAn)
- remettre TAn a 0
Réceptions : - attendre une réception (RCR : bits RMPn)
- lire la donnée
- remettre RMPn a 0




Registre de contrdle général des timers GPTCONA

15

" 13 1=t 109 i Bits 87  TITOADC. Start ADG with timer 1 event.
[ Reserved [ 72star | TisTar | Reserved | T2TOADC [ Trroac | 00, NG evEnt St AbG
e i B B, el A 01 Setting of underflow interrupt flag starts ADC
£ e e 5o 10 Setting of period interrupt flag starts ADC
[_vcowroe ] Pt bty TIEN | 11 Setting of compare interrupt flag starts ADC
RW-0 AW-0 RW-0 RW-D P
Bit 6 TCOMPOE. Compare output enable. If PDPINTx is active this bitis setto zero,
Note: A= Head access, W = Write access, -n = value after reset = "
0 Disable all GP timer compare outputs (all compare outputs are put

Bit 15 Reserved. Reads return zero; writes have no effect. in the high-impedance state)
Bit14 T2STAT. GP timer 2 Status. Read only. 1. [EnskleEl QP mereampere putputs

0 Counting downward Bits 5-4  Reserved. Reads return zero; writes have no effect.

1 Counting upward

Bits 3-2 T2PIN. Polarity of GP timer 2 compare output.

Bit 13 TISTAT. GP timer 1 Status. Read only. 00 Forced low

0 Counting downward 01 Active low

1 Counting upward 10 Active high
Bits 12-11 Reserved. Reads return zerg; writes have no effect. 11 Forced high
Bits 10-9 T2TOADC. Start ADC with timer 2 event. Bits 1-0 T1PIN. Polarity of GP timer 1 compare output.

00  No event starts ADC 00  Forced low

01 Setting of underflow interrupt flag starts ADC 01 Active low

10 Setting of period interrupt flag starts ADC 10 Active high

1 Setting of compare interrupt flag starts ADC 11 Forced high

Registre de contrdle individuel des timers : TxCO

N{(x=1,2,30u4)

15 14 13 12 1 10 9 a
[ Fee | son [ meserved | mooer [ tmoneo [ tesz | st s |
RW-0 RW-0 RW-0 RW-0 RW-0 Rw-0 RW-0 RW-0
7 6 5 4 3 2 1 0
I Jeon ‘ TENABLE { TCLKS! | TCLKSO l TCLD! ‘ Toloo | TECWPR | SELTIER I
RW0  AWO AW RWQ  AWO AW RWO0 AW

Bits 15-14 Free, Soft. Emulation control bits.

00
01
10
1

Bit 13

Bits 12-11
00
o1
10
11

Bits 10-8
000
001
010
o

Stop immediately on emulation suspend

Stop after current timer period is complete on emulation suspend
Operation is not affected by emulation suspend

Operation is not affected by emulation suspend

Reserved. Reads return zero, writes have no effect.

TMODE1-TMODED. Count Mode Selection.

Stop/Hold

Continuous-Up/-Down Count Mode
Continuous-Up Count Mode
Directional-Up/-Down Count Mode

TPS52-TPSD. Input Clock Prescaler.

x1 100 xM16
x/2 101 x/32
x/4 10 we4
x/8 11 %128

x = device (CPU) clock frequency

Bit7

Bit6

Bits 54

Bits 3-2

Bit1

Bit0

T2SWT1. Inthe case of EVA, this bitis T2BWT1. (GP timer 2 start with GP tim-
er1.) Start GP timer 2 with GP timer 1s timer enable bit. This bit is reserved in
T1CON.

TASWT3. In the case of EVB, this bit is TASWT3. (GP timer 4 start with GP
timer 3.) Start GP timer 4 with GP timer 3's timer enable bit. This bitis reserved
in T3CON.

o Use own TENABLE bit

1 Use TENABLE bit of TICON (in case of EVA) or T3CON (in case
of EVB} to enable and disable operation ignoring own TENABLE
bit

TENABLE. Timer enable.

o Disable timar cperation (the timer is put in hold and the prescaler
counter is resef)

1 Enable timer operations

TCLKS1, TGLKSO. Clock Source Select
5 4 Source

o 0 Internal

0 1 External

1 o Reserved

1 1

QEP Circuitt (in case of Timer 2/Timer 4)
Reserved (in case of Timer 1/Timer 3)
1 This option is valid anly if SELTIPR =0

TCLD1, TCLDO. Timer Compare Register Reload Condition.
00 When counteris 0

o1 When counter value is 0 or equals period register value
10 Immediately

1 Reserved

TECMPR. Timer compare enable.

(4] Disable timer compare operation

1 Enable timer compare operation
SELT1PR. In the case of EVA, this bit is SELT1PR (Period register select)
‘When set tol in T2CON, the period register of Timer 1 is chosen for Timer 2
also, ignoring the period register of Timer 2. This bitis a reserved bitin T1CON.
SELT3PR. In the case of EVB, this bit is SELT3PR (Period register select).
‘When set to1 in T4CON, the period register of Timer 3 is chosen for Timer 4
also, ignoring the period register of Timer 4. This bitis a reserved bitin T3CON.
[} Use own period register

1 Use T1PR (in case of EVA) or T3PR (in case of EVB) as period
register ignoring own period register

Registre A des Flags d’interruption de 'EVA EVAIFRA

15=11 10 9 g
T10FINT TIUFINT TICINT
| PREtess FLAG FLAG FLAG
RO RWICO  RWICD  RWI1C-0
7 e 3 2 1 °
. . . TAPINT CMP3INT | CMP2INT | CMP1INT | PDPINTA
Registres d’interruption des EVA et EVB | FLAG el FLAG | FLAG | FLAG | FLAG |
RW1C-0 RO RW1C-0 RW1C-0 RWIC-0 RW1C-0
Flag Register Mask Register EV Module
MNote: R = Read acoess, W1C = Wnte 1 to clear, -0 = value after resst
EVAIFRA EVAIMRA o e E
Bits 15-11 et 6-4
EVAIFRB EVAIMRB EVA .
Reserved. Reads return zero; writes have no effect.
EVAIFRC EVAIMRC Bits 10-7 ef 3-2
EVBIFRA EVBIMRA Read: 0 Flagis reset
EVBIFRB EVBIMRB EVE 1 Flagis set
EVBIFRC EVBIMRC I S [
1 Resets flag

10




