Informaética Industrial 1° Parcial 6 Febrero 2009
2° Ing. Tec. Industrial. Electrénica

Se pretende controlar la posicién vertical de un cojinete magnético mediante el ajuste de la corriente
que circula por la bobina, tal y como se muestra en la siguiente figura.
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Figura 1: Esquema del sistema de levitacién y conexién con el dsPIC.

Para realizar el control se pretende emplear un dsPic 30f6010. Como demostracién del sistema se
pretende realizar un movimiento de despegue suave, levitacién sostenida y aterrizaje controlado de la
bola, segun la figura que se muestra a continuacion.
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Figura 2: Referencia de la trayectoria

Cada cuestion se debe realizar de forma independiente. Para ello se supondré en cada una que las variables
correspondientes a los apartados anteriores han sido correctamente calculadas. No es necesario repetir
en cada cuestion el cédigo desarrollado para las anteriores, sino sélo las modificiaciones.

1. Se desea arrancar el sistema mediante un pulsador conectado a la linea 15 del puerto B. Para
ello se cambiara el valor de la variable global activo con cada pulsacion. Generar el programa que
permite detectar las pulsaciones. Colocar el cédigo en una rutina de interrupcién. La funcién main,
una vez realizada la configuracion, deberd permanecer en un estado de ahorro de energia.

2. Generar en tiempo real, con un periodo de muestreo de 0.01s, la senal de referencia mostrada en
la figura . Programar para ello el Timer que se considere apropiado asi como su rutina de interrup-
cién. Mantener en cada instante los ultimos 32 datos generados en el vector referencia. Suponer
disponibles las funciones:
void Inicializavector(volatile float vector, int tam)
void Desplazavector(volatile float vector, int tam)

3. Programar el conversor AD para tomar datos del sensor de posicién mostrado en la figura 1(b) con
una frecuencia de muestreo de 100Hz. Evitar cualquier tipo de espera ocupada. Suponer el sensor

conectado a la linea 14 del puerto B. Guardar en un vector llamado altura los dltimos 32 datos
de dicha medida.

4. Para mantener la bola en cada posicién, se desea generar una tensién funcién del error entre la
referencia y la medida del sensor. Para ello, el resultado de la referencia en cada instante debera de
ser comparado con la medida del sensor en cada instante. El resultado de la comparacién (diferencia)
se almacenard en la variable error. La senal de error se utilizard para generar la tensién segun la
ecuacion en diferencias dada por la expresién:
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siendo T el periodo de muestreo, K, = 2 y Tp = 0,1. Guardar el valor de la senal u(tensién)
en un vector de tamano 32 llamado acc_control. Programar el cddigo necesario en la rutina de
interrupcién del conversor A/D.

. Para accionar la bobina se debe generar una senal PWM con un duty proporcional al valor de

la accién de control (acc_control) en el instante actual. Para ello se debe establecer la relacién
0V — 0%,5V — 100 %. Configurar una salida del médulo OC para generar dicha senial, con una
frecuencia de modulacién de 100Hz.

. Configurar el conversor AD para leer simultdnea o secuencialmente tanto la sefial de posicién del

cojinete como la corriente que circula por la bobina (lineas 14 y 3 del puerto B respectivamente).
Programar la interrupcién del conversor para guardar el valor de la corriente (en amperios) segin la
relacién 0V — —2A4,2V — +2A4

. Dado que la senal de corriente s6lo varfa en el margen [0V, 2V] optimizar la configuracién del conversor

para aprovechar al maximo el rango del mismo.

. Como medida de proteccién, en el caso de que la corriente de la bobina supere el valor de 1A se debe

detener el sistema. Indicar las modificaciones necesarias para realizar esta proteccién, y comentar las
limitaciones de la solucién adoptada.
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Section 12. Timers

123

Control Registers

Register 12-1:  TxCON: Type A Time Base Register

Upper Byte:
R/W-0 uU-0 R/W-0 uU-0 U-0 U-0 U-0 uU-0
TON — [ TsibL — — — — —
bit 15 bit 8
Lower Byte:
uU-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0 uU-0
— | TGATE TCKPS<1:0> — TSYNC TCS — m
bit 7 bit 0
bit 15 TON: Timer On Control bit

bit 14
bit 13

bit 12-7
bit 6

bit 5-4

bit 3
bit 2

bit 1

bit 0

1 = Starts the timer

0 = Stops the timer

Unimplemented: Read as ‘0’

TSIDL: Stop in Idle Mode bit

1 = Discontinue timer operation when device enters Idle mode
0 = Continue timer operation in Idle mode

Unimplemented: Read as ‘0’

TGATE: Timer Gated Time Accumulation Enable bit

1 = Gated time accumulation enabled

0 = Gated time accumulation disabled

(TCS must be set to ‘0’ when TGATE = 1. Reads as ‘0’ if TCS = 1)
TCKPS<1:0>: Timer Input Clock Prescale Select bits

11 = 1:256 prescale value

10 = 1:64 prescale value

01 = 1:8 prescale value

00 = 1:1 prescale value

Unimplemented: Read as ‘0’

TSYNC: Timer External Clock Input Synchronization Select bit
When TCS = 1:

1 = Synchronize external clock input

0 = Do not synchronize external clock input

When TCS = 0:

This bit is ignored. Read as ‘0. Timer1 uses the internal clock when TCS = 0.
TCS: Timer Clock Source Select bit

1 = External clock from pin TxCK

0 = Internal clock (FOsc/4)

Unimplemented: Read as ‘0’

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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Programacién de conversién A/D

Register 172 ADCON2: AD Control Register 2
Upper Byte:
0 RWO__ RWO uo U0 RWO RWO _ RWO
[ VCFG<2.0> [reseved [ — [CSCNA|  CHPS<10> |
ADCON1: AID Control Re (] big]
Lower Byte:
lﬁ] [ A'B/g& | Uf [ ‘f [ uj [ Rmégkmqu‘w ‘ RO U0 RW-0 RW-O__ RWO RWO RWO  RWO ‘
o) [BUFS | — T SMPI<3:0> [ BUFM | ATS |
[oit7 bit0]
Cower Byte:
oMo o R e e e Voltage Reference Configuration bits
HC.HS - N
SSRo205 — [ sivsAw [ ASAM | SAWP | _DONE 2 =
BT bit0) o1 | Extemal Veert pn AVss
ot AVoo Extomal Vagr- pin
bit15  ADON: AID Operating Mode bit o11 | Extemal Veers pin | Extemal Vage- pin
1= AID converter module is operating i o) e
O En LC bit12  Reserved: User should wite ‘0 to this location
e e ol bit 11 Unimplemented: Read as ‘0’
bit13  ADSIDL: Stop in Idle Mode bit bt10  CSCNA: Scan Input Selections for CHO+ S/H Input for MUX A Input Multiplexer Setting bit
1 = Discontinue module operation when device enters Idie mode: can inputs
0= Continue module operation in Idie mode Do not scan inputs
bit 1210 Unimplemented: Read as 0’ bit9-8  CHPS<1:0>: Selects Channels Utilized bits
bt9:8  FORM<1:0>: Data Output Format bits 1= Cavert CHO, CH, CH2 and CH
11 = Signed Fractional (DOUT = £4dd 4dad adoo 0000) Comverts CHOand GH1
10 = Fractional (DOUT = dddd 4ddd 4o 0000) 50 Gonverts
01= Signed Integer (DOUT = sasa ss2d ddad dddd) When SIS B (ADCON1<32) = 0 multiple channels sampled sequentially
00 = Integer (DOUT = 0000 00dd dddd ddad) When SMSAM bit (\ADCON1<32) = 1 multiple channels sampled as in CHPS<1:0>
bit7.5  SSRC<2:0>: Conversion Trigger Source Select bits bit7  BUFS: Buffer Fill tatus bit
\ds sampling and convert) Only valid when BUFM = 1 (ADRES spit into 2 x 8-word bufers).
ADis currently fling buffer 0x8-OF, user should access data in 0x0-0x7
D s currently iling buffer 0x0-0x7, user should access data in 0¥8-0xF
I ————— bit6  Unimplemented: Read as 0’
0= G TS oo o i sl e S e bit52  SMPI<3:0>: SamplelConvert Sequences Per Interrupt Selection bits
cive transiton on INTD pin endls samping and stats conversion 111 = Interrupts at the completion of conversion for each 16th samplelconvert sequence
g SAMP bit ends Samping anl sfas conversion 1110 = Intermupts at the completion of conversion for each 15th sample/convert sequence:
bit4  Unimplemented: Read as ‘0’ Interrupts at the completion of conversion for each 2nd samplefconvert sequence
i3 SIMSAM: e Select bit HPS = 01 or 1) = Interrupts at the completion of conversion for each sample/convert sequence:
.= Samples GHO, G, C+2, CHa smultaneosl (when GHPS = 1) bit1 ffer Mode Select bt
1 = Bufle confured a5 two oo bufles ADCBUF(15..8), ADCEUF(‘/ 0
Samples CHO and CH simulaneausy (when CHPS = 01) 0 = Buffer configured as one 16.uord buffer ADCBUF(15.
0= Samples muliple channels individually in sequence O = e o e s
bit2  ASAM: AID Sample Auto-Start bit 1= Uses MUX A input multiplexer settings forfrst sample, then aiternate between MUX 8 and MUX A input
1= Samping begins immecilelyatr s conversion compets, SAMP it s aulo st multplexer settings for all subsequent samples.
© = Sampling begins when SAMP bi Always use MUX A input multiplexer settings
Register 17-4: _ADCHS: AID Input Select Register
o oo w0 oo _enwo |
T Grt2ase | cHone | CHOSB 30> |
bits]
e o o oo o mws o amo |
CH1ZaNA<1.0- ] GH123SA | CHONA CHOSA<3.0> |
Bio|
bit 15-14 CH128NB<1:0>: Channel 1. 2, 3 Negative Input Select for UX B Multiplexer Seting bits
Same defintion as bts 6-7 (Note)
bt 13 CH123SB: Channel 1, 2,3 Positive Input Select for MUX B Multplexer Setting bit
Same definiion as bit 5 (Note)
bit 12 CHONB: Channel 0 Negative Input Select for MUX B Multplexer Setting bit
Same defintion as bit 4 (Note)
bit 11:8  CHOSB<3:0>: Channel 0 Positve Input Select for MUX B Multplexer Seting bits
Register 17-3: _ ADCON3: AID Control Register 3 Same defintion as bits 3.0 (Note)
Upper Byte: bit7-6 Cranne 12,3 Negathve iput Sl for UX A Wlplerer Seting bis
uo uo uo RWO RWO RWO RWO RWO 11=CHI putis AND,
I I SANGA0S | 102G negme ot A, chz egave ot ANT. G gt it A8
EnG 5ig] 0x = CH1, CH2, CH3 negative input is VREr
bit5  CH123SA: Channel 1, 2,3 Positive Input et oA Multplexer Setting bit
1= CHI posilive input is ANZ, CH2 positive input is AN4, CH3 posilive input is ANS
‘ 0= CH positve input is AN, GH positive inpu 1 AN GH3 posilve nputis AN2
= RO RO Ve 0 RWO RWO | pitg  CHONA: Channel O Negative Input Select for MUX A Multpiexer Setting bit
= | ADCS<5:0~ | 1= Channel 0 negative input is AN1
bit0] = Channel 0 negative input is VREF-
bit 30 : Channel 0 Postve Input Select o MUX A Muttplerer Setng s
bit 1513 Unimplemented: Read as 0’ hannel 0 posifve input s Al

bit 128 SAMC<4:0>: Auto-Sample Time bits

11 )

0000:

00000 = 0 TAD (only allowed if performing sequential conversions using more than one S/H amplifier)
bit7  ADRC: AID Conversion Clock Source bit

= AID interal RC clock

0 = Clock derived from system clock
bit6 plemented: Read as ‘0’
bit 50 0>: AID Conversion Clock Select bits

TCY/2 + (ADCS<5:0> + 1) = 32 + Tov.

fCY/2 + (ADCS<5:0» + 1) = Toy
fCYI2 + (ADCS<5:0> + 1) = Tevi2

Registro ADCSSL: poner a 0

1110 = Channel O positive inputis AN14
hannel 0 positive input is AN12

hannel 0 positive input is AN
hannel 0 positive input is AND

Note: enoted MUX A and MUX
B. ADCHS<15.8> determine the settings for MUX B, and ADCHS<7.0> determine the seltings
for MUX A. Both sefs of control bits function identically.

Note:  The ADCHS register description and funclionalty will vary depending on the number of AID.

inputs avalable on the selected device. Please refer to the speciiic device data sheet for
additional details on this register.
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TABLE 5-2:

INTERRUPT CONTROLLER REGISTER MAP

NSBTG ADR | Bit15 | Bit14 | Bit13 | Bit12 | Bit 11 Bit10 Bit9 Bit 8 Bit7 Bité | Bit5 Bit 4 Bit3 Bit2 Bit1 Bit0 Reset State
INTCON1 [ DOBO | NSTDIS — — — — QOVATE | OVBTE | COVTE — — — MATHERR | ADDRERR | STKERR DSCFAIL] — 0000 0000 0000 0000
INTCONZ | D082 | ALTIVT — — — — — — — — — — INT4EP INTIEP INTZEP | INT1EP | INTOEP (0000 0000 0000 0000
IF50 0084 | CNIF | MIZCIF [ SI2CIF | NWVMIF | ADIF | UTTXIF | UTRXIF | SPI1IF T3IF T2IF | OC2IF IC2IF TIIF QC1IF IC1IF INTQIF |0000 0000 0000 0000
IFS1 ODBE | ICEIF ICSIF ICAIF IC3IF CI1IF SPIZIF | UZTXIF | UZRXIF | INT2IF | TSIF THF OCalF OC3IF ICEIF ICTIF INT1IF |0D00 000D 0000 DODO
IFS2 ooBe = = = FLTEIF | FLTAIF | LVDIF = QEIF | PWMIF | C2IF |INT4IF INT3IF OCEIF OCTIF OC8IF QCSIF |0000 0000 0000 0000
IECD 00BC| CMIE | MIZCIE [ SIZCIE | NWMIE | ADIE [ UMTXIE | UARXIE | SFIIE TIIE T2IE |OCZIE ICZIE TiIE OC1IE IC11E INTOIE |0000 0000 0000 0000
IEC1 00BE | ICEBIE ICSIE IC4IE ICIIE C1IE SPIZIE | U2TXIE | UZRXIE | INTZIE | TSIE T4IE OCA4IE DCIE ICEIE ICTIE INT1IE |0000 0000 0000 0000
IEC2 0080 = = = FLTBIE | FLTAIE | LVDIE = QEIE |PWMIE| C2IE |INT4IE INT3IE DCEIE OCTIE QCBIE OCSIE |0000 0000 0000 0000
IPCOD 0094 = T1IP=2:0= — OC1IP<2:0= — IC1IP=2:0> — INTQIP<2:0= 0100 0100 0100 0100
IPC1 0096 = T31P=2:0= — T2IP=2:0= — 0C2IP<2:0> — IC2IP=2:0> 0100 0100 0100 0100
IPCZ 0098 = ADIP<2:0> = UATXIP<2:0= = U1RXIF<2.0= = SPINIP<Z0> 0100 0100 0100 0100
IPC3 0094 = CNIP=<2:0= — MIZCIP<2:0= — SI2CIP<2:0> — NVMIP<2:0= 0100 0100 0100 0100
IPC4 008C = OC3IP<2:0= = ICBIP<2:0> = ICTIP=2:0= = INT1IP<Z.0= 0100 0100 0100 0100
IPCS 009E = INTZIP<2.0= = T5IP<2:0> = T4IP<2:0> = OC4IP<2:0= 0100 0100 0100 0100
IPCE 00A0 = C1IP=2:0> — SPI12IP<2:0> — U2TXIP=<2:0> — UZRXIP=2:0> 0100 0100 0100 0100
IPCT 00AZ = ICBIP<2:0> = IC5IP<2:0> = IC4IP=2:0> = IC3IP<2:0> 0100 0100 0100 0100
IPCE 00A4 = OCBIP=2:0= — QCTIP<2:0> — OCEIP<2:0> — OC5IP<2:0= 0100 0100 0100 0100
IPC3 00AG = PWMIP=2:0= = C2IP=2:0= = IMT41IP=2.:0> = INT3IP<2:0> 0100 0100 0100 0100
IPC10 00A8 = FLTAIP=2:0> = LVDIP<2:0> = = = = — QEIP=2:0> 0100 0100 0000 0100
IPC11 D0AA — — — — — — — — — — | — | — — FLTBIP=2:0> 0000 0000 0000 0100
Legend:  u = uninitialized bit

Register 11-1:  CNEN1: Input Change Notification Interrupt Enable Register1
Upper Byte:
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CN15IE CN14IE | CN13IE CN12IE CN11IE | CN10IE | CNSIE CNB8IE
bit 15 bit 8
Lower Byte:
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CN7IE ‘ CNB6IE CNSIE CN4IE CNBIE CN2IE CN1IE CNOIE
bit 7 bit 0

bit 15-0 CNXxIE: Input Change Notification Interrupt Enable bits
1 = Enable interrupt on input change
0 = Disable interrupt on input change
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SFR Name | Addr. | Bit15 | Bit 14 | Bit13 | Bit12 | Bit11 | Bit10 | Bito | Bité | Bit7 | Bit6 | Bit5 | Bitd | Bit3 | Bit2 | Bit1 Bit 0 Reset State

OC1RS 0180 Output Compare 1 Secondary Registar 0000 0000 0000 0000
OC1R 0182 QOutput Compare 1 Main Register 0000 0000 0000 0000
ocicoN | s | — | — Joeso] — | — [ = [ = [ = [ — [ = [ = Tocrr ] ocrse | oCM=2.0> 000D 0000 0000 0000
0OC2RS 0186 Output Compare 2 Secondary Register 0000 0000 0000 0000
0C2R 0188 Output Compare 2 Main Register 0000 0000 0000 0000
oczcon | wmea | — [ — Joeso] — [ — [ = [ = [ = [ = ] = [ = Joorr] ocrse | 0CM<2.0> 0000 0000 0000 D000
OC3RS 018C Output Compare 3 Secondary Registar 0000 0000 0000 0000
0C3R 018E Qutput Compare 3 Main Registar 0000 0000 0000 0000
OC3CON 0180 — I = |OCS\DL‘ = | — I — | = | = | = | = | — ‘ OCFLT ‘ OCTSEL | OCM=2:0> 0000 0000 0000 0000
OC4RS 0182 Output Compare 4 Secondary Registar 0000 0000 0000 0000
OC4R 0194 Qutput Compare 4 Main Registar 0000 0000 0000 0000
ocacon [ o1es | — | — Joeso] — [ — [ = [ = [ = | = | = | = [ocrr [ ocTseL | oCM=<2.0> 0000 0000 0000 0000
OC5RS 0198 QOutput Compare 5 Secondary Register 0000 0000 0000 0000
OC5R 0184 Output Compare 5 Main Register 0000 0000 0000 0000
OC5CON 018C — I - |OCS\DL‘ - | — I - | - | - | — | - | — ‘ OCFLT ‘ OCTSEL | OCM=2:0=> 0000 0000 0000 0000
OCBRS 013E Output Compare & Secondary Register 0000 0000 0000 0000
OCBR 01AD Output Compare 6 Main Register 0000 0000 0000 0000
ocecon |2 | — [ — Joeso] — [ — [ = [ = [ = [ = [ = [ = ] oorr | ocrse | 0CM<2.0> 0000 0000 0000 D000
OCTRS 0144 Output Compare T Secondary Register 0000 0000 0000 0000
OCTR 01A6 Qutput Compare 7 Main Registar 0000 0000 0000 0000
QCTCON 01A8 - | - |OCS\DL‘ - | - | - | - | - | - | - | - ‘ OCFLT [ OCTSEL | DOCM=2:0> 0000 0000 0000 0000
OCBRS 01AA Qutput Compare 8 Secondary Register 0000 0000 0000 0000
OCER 01AC Qutput Compare 8 Main Register 0o0o 0000 0000 QDOO
ocscon o | — [ — Joeso| — [ — [ — [ = [ = [ = [ = [ = ]oocrr|ocTseL | 0CM<2:0> oo 0000 0000 0000

Period '

= Ll

!

B .
Duty Cycle

—

TMR3 = PR3 TMR3 = PR3

T3IF =1 T3IF=1
(Interrupt Flag) (Interrupt Flag)
OCxR = OCxRS OCxR = OCxRS

TMR3 = Duty Cycle (OCxR)

TMR3 = Duty Cycle (OCxR)
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