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void main ()
if (MCU clock values are not initialized )
/I dont run and start alert routine
/I flash LED's
/I then enter low power mode to save energy

}

/I blink LED 1 & 2 to indicate start up

/I configure self RF address
if  (self address is missing )

/Il create new random address

}

/I use pre defined BSP init function to
/I initialize eZ MSP430 hardware.

/I start the very low power clock using
/I control register 3

/I set timer B control to capture compare mode
/I enable interrupts on match

/I set the value to compare to using CCRO register

/I initialize the simplicity protocol



void

}

/I try to join the wireless network.

/I upon failure go to low power mode and wait
/I for next time up interrrupt

/I wake up the radio module and make sure that the
/I access point node is listening for messages

/I call the link function which takes
/I care of the periodic wireless transmissions.

link ()

/I perform a link attempt operation
while  ( transmitter cannot link to receiver )

I keep trying to link and use timer B
/I value in CCRO to wake up periodacally and attemp
/I again

}

/I execute forever

while (1)

{
/I send radio to sleep while other operations
/I are executed
/I perform analog to digital operations

/I now wake up the radio,
/I keep a running count of the number of packets to
/I sent

/I use predefined function to send packets

if  ('sending was succesful )
/I delay and flash LED's in
/I good status patterns to indicate the user
/I packets are sent

else if (sending was unsuccesful )
/l flash LED's in bad status pattern

/I now, send the radio to sleep using pre defined f

/Il put the MCU in low power mode, to sleep until ne
/l time is up, leave interrupt for timer B on to kn
/I wake up

while  (the push button at the receiver has not been toggle
/I turn of the system completely until the button i
/[ again.

}

For receiver
Initialize radio address location
Stop WDT

/linterupt driven
if adx match

if new data
take semaphore
if semaphore
get data
release semaphore

be

unction
xt transfer

ow when to

d)
s toggled
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sineWaveGenerator ()

/ICreate sine wave look up table
/lnitialize interrupts
/ISet appropriate digital output direction

If(interrupted) {For (currentindex of sine wave

/ISet output to value at current index using Dac fu
}
}

}
DAC function ()

/[Create control word and data
//Set ~CS low

//Shift MSB into register

/ISet SCLK high

/ISet ~CS high
//Set SCLK low

}

0 O "
! 11}
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Initialize 20 ms timer

Initialize variable timer

Get digital EMG signal from RF coms
/[Convert to servo control

servovVal = * EMG + 5000

set variable timer = servoVal

every 20 ms set digital out high
pull digital out low after variable
timer time

"#

$ %






P "# $ %




P "# $ %

Nt




$ %

"#

U

e et B

12

P |

I D,
Lé—_——————

12

12

&#98=A

6(=K 7== & G6H



3 mn
" ?
3 mn
3
3 n
"7(== -M9 8=7(==
>
0 n
# B "
L
7(
1-'2
B
?
7(
L
3
3
1
&!
) " #,
) n
#,

&#98= 7749

$ %



?
65=
(14

+
3

EMG Reference

# NN

98

Low Noise Power

Amplifier

Low Noise Power

Amplifier I
Tx1 Rx1
~ o
<,
- ~ )
Tx2 Rx 2
FSR I Servo
Average ! AID F(’BWM End
Circuit | en I Effector
| MFCM I
4 1+ |

Tactor

I ||#
<= )
& ? 1
mn
| TECM ]
ﬁ Sine I 10-bit F'P'toe‘;VZPd
A/D Wave Serial  [— A

I Gen DIA Cireuit
R

$ %



%
% 1 [=1?
0 08 1?
%
298=B 7(==
"7(== 1)& B
"7(::
&#) " (==
0 B
298=B 7(==
I,
( '+
) (
2 F 98="

&#98=

I "# $ %

1' O<=2

79 17K 7958( 122
&#98=

65 8/



7(=1?

' 6=B

(F

8/

% 166=2

[=1?

$ %



I "# $ %

2 #:
0 )
0
( !+
3
X 3
3 )
( & ?1
F 98=
) &
F
6=
&!
"#
0
0
7
0 0
7(=1? == ;
98=
)
3
1 2 -
3 ?
)
3
?
)



9;,>

41 )

" ##%% %!"I" "#$ #$!
5: _ _
I mn
o 6 879
7 /76
| 2# 02# 2#<1 ;. -=
*pt <=
x 65=
40. /,50;
| 2# 02# 2#
/ ==
(I
5: 6 8/
Il
o 8 96
(I
948
Il
1;#5 1;#5 1, -51
?,52 02# 2# 02# 2# 02# 2#

$ %



"

9;,>

4 ™

I "#
3+ 9( 6 ( 774
+ 44( 7( 85
6=7¢ 88 (
9: | 2# -,5102# 2#
<7') T)= <7') T)=
& 6 (
+ 7 (
* 8/
3 mn
> n n
F mn
&#98= 0 61?
? 0
F )
?
n #;

$ %



"7

m

"#

$ %

7



$ %

"#

07 </ 4 1!

07 <4 !

9;




$ %

"#

=¢>i

é

7

B==

B==9

B==/

#u!<

16

9 7

Q(
O

7 (
1

{
\

=¢>

é

#h <

66

&& #



$ %

"#

07

—— #

=¢>i

é

B==7

B==9

B==/

#u!<

67

I #

(oW 4
J

=¢>

é

B==7

B==9

#"<




I "# $ %

%
0 -
n & n
% #; * 0
)
%
3
3 & "
) A &#98= 0
3 11}
0 )
& % # "
)
6(=
)

&+ #



Project Name:
Project Number:
Revision:

Date:

Bill Of Materials

)/ A

Remote Vibrotactile Feedback for Upper Limb Amputees

1
A

November 13, 2011

I "# $ %

University of Washington

Dept. of Electrical Engineering
P.O. Box 352500

Seattle, Washington 98195-2500

Price
Item Quantity Part Value Rating Description Package Vend or Part No. Each
Wireless Texas MSP430
1 1 3.6V development Kit Instruments RF2500 $49.00
2 2 | 1uF 25V talium Capacitor radial EE Stockroom $0.40
electrolytic
3 3 | 10uF 50V capacitor radial EE Stockroom $0.30
electrolytic
4 2 | 330uF 50V capacitor radial EE Stockroom $0.30
5 4 | 0.1uF 50V ceramic capacitor radial EE Stockroom $0.20
electrolytic
6 1 | 1000uF 50V capacitor radial EE Stockroom $0.30
low noise JFET
7 2 | LMTLO74CN amp DIP-40 EE Stockroom | LMTLO74CN $1.20
8 1 | MC3403AD op amp DIP-40 EE Stockroom | MC3403AD $0.50
audio amplifier, low
9 1| LM 386 noise DIP-40 EE Stockroom | LM 386 $1.00
10k potentiometer,
10 5 | 10k 1/2wW 3/4 turn EE Stockroom $0.90
11 1|33k 1/4W 5% resistor axial EE Stockroom $0.10
12 2 | 150k 1/4W 5% resistor axial EE Stockroom $0.10
13 2 | 82k 1/4W 5% resistor axial EE Stockroom $0.10
14 1133k 1/4W 5% resistor axial EE Stockroom $0.10
15 1|1k 1/4W 5% resistor axial EE Stockroom $0.10
16 1|22k 1/4W 5% resistor axial EE Stockroom $0.10
17 9| 1k 1/4W 1% resistor axial EE Stockroom $0.10
18 1| MAXX 400 5V Servo amazon.com $9.50
19 1 2W tactor amazon.com $8.00
20 1 roll wire EE Stockroom $1.20
21 4|15V battery radio shack $1.20
22 2| 9v battery radio shack $3.00
force sensing Trossen
23 3 | DIP-2 2W resistor DIP-2 Robotics $5.00
24 50 electrodes biomed.com $0.32
TOTAL PARTS COST: $123.00
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* End Device 1 — TECM (Link To 1) (address 78)

*

* - Receives force and creates sine to

* drive tactor

* - End Device one links to the network and

* starts comunications with the End Device 2
*

* Authors: Zach Pritchett

* Cody Hogan

* Camilo Tejeiro

*

* Note: the wireless communication was implemented
* using the peer to peer protocol from

* TI SimpliciTl and example code from their
* website.

¥

/ )*
*include statements

B
#include "bsp.h"

#include "mrfi.h"

#include "nwk_types.h"

#include "nwk_api.h"

#include "bsp_leds.h"

#include "bsp_buttons.h"

#include "app_remap_led.h"

#include "msp430x22x4.h"

/ )*
* Function Declarations

0¥

static void transmit  (void );

void toggleLED (uint8_t );

static  uint8_t receive (linkID_t );

void delay (unsigned int BlinkCount );
unsigned int getEMG (void );

void DACsetLines (unsigned int dig_value );

/ )*
* Globals

B

static  linkID_t sLinkID1 = 0;

unsigned int force ;

unsigned int sine_wave [9] = {6,9,11,10,7,4,1,0,2}
unsigned int index = 0;

/ )*
* defines

)
#define SPIN_ABOUT_A_SECOND NWK_DELAY/(1000)

/I Main Executable
void main (void )

{

WDTCTL = WDTPW+ WDTHOLD /I Stop WDT

BSP_lInit 0; /I board support package
/I initialization

P2DIR &= OxFE; /I set direction for
I port 2

P2DIR |= OxOE;

P4DIR |= 0x08; /I P4.0 output

&6 #

"#
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/* This call will fail because the join will fail s
*in this scenario. But we don't care -- just u
* We supply a callback pointer to handle the me
*

SMPL_Init (receive );

/* turn on LEDs. */
if (! BSP_LED2_IS _ON))

{

toggleLED (2);

}

if (! BSP_LED1_IS_ON))

{
toggleLED (1)
}

/* wait for a button press... */
do

if (BSP_BUTTONQ || BSP_BUTTONZ))

break ;

}
}
while  (1);

/I start transmit, should not come out
transmit 0;

/ to be safe
while (1) ;
}

/ )*

* function name: Transmit

* function inputs: void

* function outputs: void

* function description:establishes the conection

* with the END device 2 and sends the EMG signal to
* the END device 2, also sets up the sine interrupt
*

* author: Zach Pritchett

* Cody Hogan

* Camilo Tejeiro

¥
static void transmit ()

{
unsigned int EMG;
uint8_t msg [3];

while  (SMPL_SUCCESS= SMPL_Link (&sLinkiD1 ))

/* blink LEDs until we link successfully */

toggleLED (1)
toggleLED (2);
SPIN_ABOUT_A_SECOND ;
}

/* we're linked. turn off red LED. received message
if (BSP_LED2_IS_ON))

{
toggleLED (2);

/* turn on RX. default is RX off. */

I "#

ince there is no Access Point

se the default link token later.
ssage returned by the peer.

s will toggle the green LED. */

SMPL_loctl ( IOCTL_OBJ_RADIO, IOCTL_ACT_RADIO_RXON 0);

/* put LED to toggle in the message */

$ %



msg [0] = 2; /[*toggle red */

TACCTLO =CCIE; /I TACCRO interrupt enabled

TACCRO = 3552; /I output every value for a complete sine
/I wave 4mS/9

TACTL =TASSEL_2 +MC_1; /I SMCLK, contmode

_BIS_SR (GIE); /I Enter w/ interrupt

while (1)

{
NWK_DELAY  (25); /I transmit every 25 mS
EMG = getEMG (); /l read the EMG from circuit
msg [1] = EMG&OxFF; /I break the EMG data in two

/l bytes, put into two messages
msg [2] = (EMG>8)& OxFF;

SMPL_Send (sLinkID1 , msg, sizeof (msg)); /I transmit messages

}
}

/ )*

* function name: get EMG

* function inputs: void

* function outputs: digital EMG value

* function description:Read the analog values
* from the EMG circuit convert to digital

* and return this value to the calling statement

*

* note: done based on ADC interrrupt
* upon conversion

* author: Zach Pritchett

* Cody Hogan

* Camilo Tejeiro

0¥
unsigned int getEMG ()
{
unsigned int EMG;
/I done under less power demanding characteristics

$ %

ADC10CTL1 =INCH_O; /I channel AO selsected for

conversion

ADCI10CTLO =SREF_O0 + ADC10SHT_3 + ADC100N + ADCI10IE + ADC10SR; // reference VCC= 3.6V
/I sample and hold time of

64*ADC clock,

/I no need to be faster, more

accurate

__delay_cycles (250); /I delay to allow reference to
settle

ADC10CTLO |= ENC + ADC10SC; /I Sampling and conversion
start

__bis_SR_register (GIE); /I LPMO with interrupts
enabled

EMG = (unsigned int )( ADC1O0MEM / put the result as an
unsigned int into

EMG =EMG( unsigned int )( EMG0.1526 ); /I results array

ADCI10CTLO &= ~ENC // turn ADC module off

ADC10CTLO &= ~( REFON+ ADC100N); /I turn off A/D to save power

return EMG

}

/ )*
* function name: toggleLED

* function inputs: unsigned int which

* function outputs: void

* function description: toggle a certain LED
* for debugging purposes

*

* author: taken from Tl sample code examples



void toggleLED (uint8_t which ) 7
if (1 ==which )
éSP_TOGGLE_LEDl 0;
else if (2 ==which )
éSP_TOGGLE_LEDZ 0;

Eeturn ;

}

/ )*
* function name: DAC Set Lines

* function inputs: digital value for conversion to
*

analog
* function outputs: void

* function description:digital to analog conversion
* done serially, used to output values for the sine

* wave generation
*

* author: Zach Pritchett
* Cody Hogan

* Camilo Tejeiro
0¥
void DACsetLines (unsigned int dig_value
{
unsigned int ctl_code = 10240;
unsigned int input_word = (ctl_code
int  shift = 15;

unsigned int temp = 0;

P20UT &= ~BIT1;

/I Input load low

while (shift = -1)
{
temp = input_word >> shift
if (temp & 0x0001)
{
P20UT |= BIT3 ; // Data high
P20UT |= BIT2 ; // SCLK high
}else
{
P20OUT &= ~BIT3; // Datalow
P20UT |= BIT2 ; // SCLK high
}
P20OUT &= ~BIT2; /I SCLK low
shift -
}
P20UT |= BIT1 ; //Inputload high

}

/ )*
* function name: Receive
* function inputs: port to link to

* function outputs: unsigned int status of receptio

* function description:handle received messages fro

* End device 2

*

* author: Zach Pritchett
* Cody Hogan

* Camilo Tejeiro

* Tl sample code

static  uint8_t receive (linkID_t port

{

)*/

)

)

+ dig_value

) << 2

=}

"#
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uint8_t msg [3], len ;

/* is the callback for the link ID we want to handl e?*
if (port ==sLinkID1 )
{

/* yes. go get the frame. we know this call will su cceed. */
if (( SMPL_SUCCESS= SMPL_Receive (sLinkID1 , msg, &len)) &&len )

/* Check the application sequence number to detect
* |ate or missing frames...
*

/* we're good. toggle LED in the message */
toggleLED (* msg);
force =msg[1l] + (msg2]<< 8);

return 1;

}

/* keep frame for later handling. */
return  0;

}

/ )*
* function name: Delay

* function inputs: unsigned int BlinkCount

* function outputs: void

* function description: interrupt driven delay

*

* author: Tl sample code

¥
void delay (unsigned int BlinkCount )

int TimerTemp ;

TimerTemp = TBCCRO; /I Save current content of TBCCRO
TBCCRO =BlinkCount ; /I Set new TBCCRO delay

TBCTL |= TBCLR; /I Clear TBR counter

TBCCTLO &= ~CCIFG; /I Clear CCIFG Flag

TBCTL |= MC_1; /I Start Timer B
__bis_SR_register (LPM3_bits + GIE ); /I Enter LPM3

TBCTL &= ~(MC_J; /I Stop Timer B

TBCCRO = TimerTemp ;

}

/ )*

* function name: ADC10_ISR

* function inputs: Void

* function outputs: void

* function description: ISR gets executed upon
* termination of the A/D conversion

*

* author: Zach Pritchett

* Cody Hogan

* Camilo Tejeiro

¥
#pragma vector=ADC10_VECTOR
__interrupt void ADC10_ISR (void )

__bic_SR_register_on_exit (LPMO_bits ); /I Clear CPUOFF bit from O(SR)
}

/ )*

* function name: Timer_A ISR

* function inputs: Void

* function outputs: void

* function description: ISR gets executed upon
* reach of the CCRO value for timer AO.

*

* here is where we output the lines for the
* sine wave generation every 4mS/9

$ %



*

* author: Zach Pritchett
* Cody Hogan
* Camilo Tejeiro

¥

#pragma vector=TIMERAO_VECTOR

interrupt void Timer_A (void )

DACsetLines (0.1 *force *sine_wave [index ]);
index ++;
if (index >= 9) index = 0;
P4OUT "= 0x08; // Toggle P1.0
TACCRO = 3552; /I Add Offset to TACCRO

( :

- -

*

End Device 2 — MFCM (Link Listen 2) (address 87)

- Receives Force and drives servo manipulator to
- End Device 2 Isitens for linking and
establishes comunications with the End Device 1

Authors: Zach Pritchett
Cody Hogan
Camilo Tejeiro

Note: the wireless communication was implemented
using the peer to peer protocol from
TI SimpliciTl and example code from their
website.

EE N S I I I T R

¥

/

)*
¥

*include statements

#include "bsp.h"

#include "mrfi.h"

#include "nwk_types.h"
#include "nwk_api.h"
#include "bsp_leds.h"
#include "bsp_buttons.h"
#include "app_remap_led.h"
#include "msp430x22x4.h"

/

)*
¥

* Function Declarations

static  void transmit  (void );

void toggleLED (uint8_t );

unsigned int getForce ();

void delay (unsigned int BlinkCount );

static  uint8_t receive (linkID_t );
/ )*
* Globals
¥
static linkID_t sLinkID2 = 0;
static  volatile uint8_t sSemaphore = 0;
unsigned int EMG;
unsigned int servoVal = 5000;
unsigned int off = 0x0000 ;
unsigned char counter = O; /I Current location in wave array

unsigned char CCRO_INDEX = 0;

/I main executable

void main (void )

"#
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{
WDTCTL = WDTPW+ WDTHOLD
BSP_Init  ();
P2DIR  |= 0xOD;

/* This call will fail because the join will fail s
*in this scenario. But we don't care -- just u
* We supply a callback pointer to handle the me

/I Stop WDT

/l port 2.1 set as input

ince there is no Access Point
se the default link token later.
ssage returned by the peer.

$ %

*

SMPL_Init

(receive );

/* turn on LEDs. */
if (! BSP_LED2_IS_ON))

measured to be 20.7 mSec

{

toggleLED (2);

if (! BSP_LED1_IS_ON))

{

toggleLED (1)

}

/* wait for a button press... */

do

if (BSP_BUTTON(Q | BSP_BUTTONZ))
break ;

} while (1);
CCTLO =CCIE; /I CCRO interrupt enabled
CCTL1 =CCIE; /I CCR1 interrupt enabled
CCRO = 27340; /I Set PWM period to 27340 clock ticks emperically
CCR1 = 5000; /I Setfirstduty cycle value to 0.600mS
TACTL =TASSEL 2 +MC_1 +TAIE +TACLR;

/[ start transmission
transmit 0;

/ljust for safety
while (1) ;

/ )*

* function name: Transmit

* function inputs: void

* function outputs: void

* function description:establishes the conection

* with the END device 1 and sends the force signal
* the END device 1, also sets up the PWM interrupt
* to establish period and pulse width

*

* author: Zach Pritchett

* Cody Hogan

* Camilo Tejeiro

¥
static void transmit ()
uint8_t msg [3];

unsigned int force ;

/* Turn off one LED so we can tell the device is no
* Received messages will toggle the other LED.
*
toggleLED (1)

/* listen for link forever... */
while (1)

if (SMPL_SUCCESS= SMPL_LinkListen

/I SMCLK, upmode, enable interrupt, clear TA1R

to

w listening.

(&sLinkiD2 ))

+ #



{

break ;

/* Implement fail-to-link policy here. otherwise, |

}

/*turn on LED1 on the peer in response to receivin
msg [0] = 1;

/* turn on RX. default is RX off. */

isten again. */

g aframe. */

SMPL_loctl ( IOCTL_OBJ_RADIO, IOCTL_ACT_RADIO_RXON 0);

while (1)

/* Wait for a frame to be received. The Rx handler,
* ISR thread, will post to this semaphore all
* send the reply message in the user thread.
*

if (sSemaphore )

force = getForce ();

msg [1] =force &OxFF;

msg [2] = (force >>8)& OxFF;

SMPL_Send (sLinkiD2 , msg, sizeof (msQ));

/* Reset semaphore. This is not properly protected
* here. In theory we could miss a message.
*
sSemaphore = 0;
}
}
}

/ )*
* function name: toggleLED

* function inputs: unsigned int which

* function outputs: void

* function description: toggle a certain LED
* for debugging purposes

*

* author: taken from Tl sample code examples
¥

void toggleLED (uint8_t which )
if (1 ==which )
éSP_TOGGLE_LEDl 0
else if (2 ==which )

{
BSP_TOGGLE_LED2  ();
}

return

}

/ )*

* function name: getForce

* function inputs: void

* function outputs: digital Force value

* function description:Read the analog values
* from the force averager circuit, convert

* to digital and return this value to

* the calling statement

*

* note: done based on ADC interrrupt
* upon conversion

* author: Zach Pritchett

* Cody Hogan

which is running in
owing the application to

and there is a race
Good enough for a demo, though.
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*

Camilo Tejeiro

unsigned int

{
unsigned int force
/I done under less power demanding characteristics
ADCI10CTL1 =INCH_1;
conversion
ADC10CTLO =SREF_0 + ADC10SHT_3 + ADC100N + ADC10IE + ADCI10SR;

¥
getForce ()

64*ADC clock,

accurate
__delay_cycles (250);
settle
ADCI10CTLO |= ENC + ADC10SC;
start
__bis_SR_register (LPMO_bits + GIE );
enabled
force = (unsigned int )( ADC10MEM

unsigned int into

force

=force -( unsigned int )( force *0.1526 );

ADC10CTLO &= ~ENC
ADC10CTLO &= ~( REFON+ ADC100N);

return force ;

/

)*

* function name: Receive

* function inputs: port to link to

* function outputs: unsigned int status of receptio

* function description:handle received messages fro
* End device 1

*

* author: Zach Pritchett

*

*

*

Cody Hogan
Camilo Tejeiro
Tl sample code

static

uint8_t msg

¥
uint8_t receive (linkID_t port )
[3], len ;

/* is the callback for the link ID we want to handl
if (port ==sLinkID2 )

/* yes. go get the frame. we know this call will su
if (( SMPL_SUCCESS-= SMPL_Receive (sLinkiD2

/* Check the application sequence number to detect
* late or missing frames...

*/
toggleLED (* msg);
EMG =msg[1] + (msg2]<< 8);
/I EMG max 750.85324
/l maximun servo value = 16000
servoVval = 15*EMG+ 5000;
if (EMG> 512)
{
BSP_TOGGLE_LED1 0;
}
else
{

I "# $ %

/I channel AO selsected for

Il reference VCC= 3.6V
/I sample and hold time of

/I no need to be faster, more

/I delay to allow reference to
/I Sampling and conversion
/I LPMO with interrupts

/I put the result as an

/I results array

/I turn ADC module off
/I turn off A/D to save power

S

e?*

cceed. */

, msg, &en)) &&len )



/* Post to the semaphore to let application know so it sends
* the reply
*
sSemaphore = 1;

[* drop frame. we're done with it. */

return  1;

}

I* keep frame for later handling */
return  O;

}

/ )*
* function name: Delay

* function inputs: unsigned int BlinkCount

* function outputs: void

* function description: interrupt driven delay

*

* author: Tl sample code

¥
void delay (unsigned int BlinkCount )

int TimerTemp ;

TimerTemp = TBCCRO; /I Save current content of TBCCRO
TBCCRO =BlinkCount ; /I Set new TBCCRO delay

TBCTL |= TBCLR; /I Clear TBR counter

TBCCTLO &= ~CCIFG; /I Clear CCIFG Flag

TBCTL |= MC_1; /I Start Timer B
__bis_SR_register (LPM3_bits + GIE ); /I Enter LPM3

TBCTL &= ~(MC_J); /I Stop Timer B

TBCCRO =TimerTemp ;

}

/ )*

* function name: ADC10_ISR

* function inputs: Void

* function outputs: void

* function description: ISR gets executed upon
* termination of the A/D conversion

*

* author: Zach Pritchett

* Cody Hogan

* Camilo Tejeiro

¥
#pragma vector=ADC10_VECTOR
__interrupt void ADC10_ISR (void )

__bic_SR_register_on_exit (LPMO_bits ); /I Clear CPUOFF bit from 0(SR)
}

/ )*

* function name: Timer_A ISR

* function inputs: Void

* function outputs: void

* function description: ISR gets executed upon
* reach of the CCRO value for timer AO.

*

* here is where we determine the period of the
* PWM signal to drive the servo 20 mS

* pulls the line up.

*

* author: Zach Pritchett
* Cody Hogan
* Camilo Tejeiro

¥
#pragma vector = TIMERAO_VECTOR
__interrupt void TIMERAO_ISR (void )
{
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if (CCRO_INDEX == 5){

CCTL1 =CCIE ; /Il CCR1 interrupt enabled
P20UT |= BITO ;

CCRO_INDEX = 0;

}else {

CCRO_INDEX ++;

}

}
/ )*

* function name: Timer_A1 ISR

* function inputs: Void

* function outputs: void

* function description: ISR gets executed upon
* reach of the CCR1 value for timer Al.

*

* Here is where pull the line low to determine
* the angle of rotation of the servo

* range: 0.600mS to 2mS

*

* author: Zach Pritchett
* Cody Hogan
* Camilo Tejeiro

¥
#pragma vector = TIMERA1_VECTOR
__interrupt void TIMERAL_ISR (void )

{
switch ( TAIV)

case 2: /I CCR1 interrupt
CCTL1 =off ; /I CCR1 interrupt enabled
P20UT &= ~BITO; /I Clear P1.0 to determine duty cycle.
CCR1 = servoVal

break ;

default

break ;
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