
Interfacing Sensors and
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How to Interface to Sensors and Actuators

• Example, adding a sensor to the iRobot
– Starting with a conceptual intention

– Finding the right pin

– ADC & I/O pin electrical properties
• What can drive what, supply V & mA to sensors, motors, audio, LEDs.

What is open collector, TTL level.

– Sensor’s electrical properties
• Amplifier, optoisolator e.g. 110 VAC or sensitive/HV input

– Mechanical fasteners & electrical connectors

• Actuators
– E & M fields

– Motors: DC, AC, [poly-phase]

– Drivers: what signals in & out, why PWM, Linear, [Class-D]

– Robot mechanism, Inverse Kinematics relevance, in EE125
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http://www.irobot.com/filelibrary/create/CommandModuleGettingStarted.pdf
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! ATMega 168



http://www.atmel.com/dyn/resources/prod_documents/doc2545.pdf

Atmel

ATmega 168

Microcontroller

32 pin package 



ADC3Analog Input 3

http://www.atmel.com/dyn/resources/prod_documents/doc2545.pdf

Atmel

ATmega 168

Microcontroller

32 pin package 

470 ohm

resistor



ATmega 168

http://www.atmel.com/dyn/resources/prod_documents/doc2545.pdf  page 312



http://www.analog.com/UploadedFiles/Data_Sheets/ADXL322.pdf
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Motors

http://en.wikipedia.org/wiki/Electric_motor



Magnetic Fields & Forces



http://www.kolumbus.fi/st_hm.lahtinen/Elektroniikka/H-bridge.jpg





Discover Magazine July 1998



Bimanual Robot at UCSF

Experimental Surgery Lab





Extra slides below…
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Communication

• Physical Connection

• Hand Shake

• Multiple connections

• Timing Characteristics
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Parallel v.s Serial

!  Parallel

"  Multiple data lines transmitting data

"  Speed, Simple hardware

"  Ex: PCI, ATA, CF cards, Bus

!  Serial

" Single data line transmitting data

" Low Power, length

" Ex: USB, SATA, SD cards,

PCI-Express
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Universal Asynchronous Receiver-Transmitter

• Convert serial data

to parallel data, and

vise versa.

• Uses shift registers

to load store data

• Can raise interrupt

when data is ready

• Commonly used

with RS-232 interface
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Standards

!  Serial:

"  Synchronous:

• SPI, I2C, JTAG, USB

"  Asynchronous:

• RS232

!  Parallel:

"  Bus protocols, Advanced Technology Attachment (ATA),

Peripheral Component Interface (PCI)
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Embedded Microcontroller
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Embedded Microcontroller
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Application

Simple MP3 Player

• Uses serial for control

• Parallel for data transfer

• Direct memory access
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Basic C Review

Bitwise Operators:

>> Shift right

<< Shift Left

&   Bitwise AND

|     Bitwise OR

^   Bitwise XOR

Data Types:

(unsigned) int - 32 bits 

(unsigned) short - 16 bits

(unsigned) char -8 bits

Pointers:

int* regaddr;  // regaddr is an address

int reg = 3;    // reg is a value

int tmp;

regaddr = &reg;  //Assigning regaddr to 

             //point to reg

// *regaddr is dereferencing regaddr

tmp = regaddr;   //What will tmp be?

tmp = *regaddr;  //What will tmp be?

            //What will reg be?

*regaddr = 5;     //What will tmp be?

                          //What will reg be?
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Questions?
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Embedded Software Overview
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Embedded Software Overview

int main (void) 

{

  // Set up Create and module

  initialize();

  LEDBothOff;

  powerOnRobot();

  byteTx(CmdStart);

  baud(Baud28800);

  byteTx(CmdControl);

  byteTx(CmdFull);

  // Stop just as a precaution

  drive(0, RadStraight);

  //Main Loop

}

#define LEDBothOff        (PORTD |= LEDBoth)

#define CmdStart        128

#define CmdControl      130

#define CmdFull         132

#define RadStraight     32768

// Transmit a byte over the serial port

void byteTx(uint8_t value)

{

  while(!(UCSR0A & _BV(UDRE0))) ;

  UDR0 = value;

}

// Send Create drive commands in 

//terms of velocity and radius

void drive(int16_t velocity, int16_t radius)

{

  byteTx(CmdDrive);

  byteTx((uint8_t)((velocity >> 8) & 0x00FF));

  byteTx((uint8_t)(velocity & 0x00FF));

  byteTx((uint8_t)((radius >> 8) & 0x00FF));

  byteTx((uint8_t)(radius & 0x00FF));

}
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Multitasking
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Embedded Software Architectures

!  Polling

"  Main loop checks each I/O device in turn and service

any that need service.

"  Processor initiates communication

"  Simple, no overhead

"  Example: Web applications

!  Interrupts

"  System reacts to triggers and then services the I/O

"  Peripheral initiates communication

"  Concurrency, sample rate

"  Example: UART, keyboard, timers
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Polling

Processor Setup Code

Processor checks I/O control register 

for status of peripheral 1
Processor services I/O 1

Processor checks I/O control register 

for status of peripheral 2

Processor checks I/O control register 

for status of peripheral 3

Processor services I/O 2

Processor services I/O 3

Ready

Ready

Ready

Not Ready

Not Ready

Not Ready
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Interrupts

!  Interrupt Service Routine

"  Short subroutine that handles the interrupt

Processor Setup Code

Register the Interrupt Service Routine

Processor executes task code Run Interrupt Service Routine

Interrupt!

Context switch

Resume
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Interrupt example

static int iTemperatures[2];

void interrupt vReadTemperatures (void)

{

iTemperatures[0] = //Read value from hardware 1

iTemperatures[1] = //Read value from hardware 2

}

void main(void)

{

int iTemp0, iTemp1;

//Setup code

while(TRUE)

{

iTemp0 = iTemperatures[0];

iTemp1 = iTemperatures[1];

if ( iTemp0 != iTemp1 )

// Set off alarm!

}

}

What if interrupt

updated both

values here?

Compiler can optimize this!!
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Shared Data

!  Data consistency

"  Critical Section

• Need to protect portion of the code from other access

• Disable interrupts

"  Compiler Optimizations

• Various optimization techniques

• Volatile keyword, or turn off optimizations
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Interrupt example revisited
static volatile int iTemperatures[2];

void interrupt vReadTemperatures (void)

{

iTemperatures[0] = //Read value from hardware 1

iTemperatures[1] = //Read value from hardware 2

}

void main(void)

{

int iTemp0, iTemp1;

//Setup code

while(TRUE)

{

disableInterrupts();

iTemp0 = iTemperatures[0];

iTemp1 = iTemperatures[1];

enableInterrupts();

if ( iTemp0 != iTemp1 )

// Set off alarm!

}

}
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Timed Interrupt

Timer

Update Tick / Sample

When timer expires, 

interrupt processor

Reset timer

Processor jumps to ISR

Resumes

Processor Setup

Register Interrupt Service Routine

Initialize Timer

Execute Task Code
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void initialize(void)

{

  cli();

  // Set I/O pins

  DDRB = 0x10;

  PORTB = 0xCF;

  …….

  // Set up timer 1 to generate an interrupt every 1 ms

  TCCR1A = 0x00;

  TCCR1B = (_BV(WGM12) | _BV(CS12));

  OCR1A = 71;

  TIMSK1 = _BV(OCIE1A);

  // Set up the serial port with rx interrupt

  …….

  // Turn on interrupts

  sei();

}

// Global variables

volatile uint16_t timer_cnt = 0;

volatile uint8_t timer_on = 0;

// Timer 1 interrupt to time delays in ms

SIGNAL(SIG_OUTPUT_COMPARE1A)

{

  if(timer_cnt)

    timer_cnt--;

  else

    timer_on = 0;

}

void delayMs(uint16_t time_ms)

{

  timer_on = 1;

  timer_cnt = time_ms;

  while(timer_on) ;

}

 //Enable interrupts (interrupt.h)

# define sei()  __asm__ __volatile__ ("sei" ::)

//Disable interrupts (interrupt.h)

# define cli()  __asm__ __volatile__ ("cli" ::)

#define SIGNAL(signame)      \

void signame (void) __attribute__ ((signal)); \

void signame (void)

#define _MMIO_BYTE(mem_addr) (*(volatile uint8_t *)(mem_addr))

#define _SFR_IO8(io_addr) _MMIO_BYTE((io_addr) + 0x20)

#define _SFR_MEM8(mem_addr) _MMIO_BYTE(mem_addr)

#define _BV(bit) (1 << (bit))

//Timer defines (iomx8.h)

#define TCCR1A  _SFR_MEM8 (0x80)

#define TCCR1B  _SFR_MEM8 (0x81)

/* TCCR1B */

#define WGM12   3

#define CS12    2



EECS 124, UC Berkeley: 22

Interrupt Latency

How much time it takes for a system to respond to an

interrupt.

"  Interrupt service routine execution time

"  Context switch

"  Higher priority interrupts

"  Scheduling
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iRobot Drive example

for(;;) {

    delayAndUpdateSensors(10);

    if(UserButtonPressed)

    {

      // Drive around until a button or unsafe condition is detected

      while(!(UserButtonPressed) && (!sensors[SenCliffL]) 

&& (!sensors[SenCliffFL]) && (!sensors[SenCliffFR])

&& (!sensors[SenCliffR])&& (!sensors[SenChAvailable])){ 

       // Keep turning until the specified angle is reached

        if(turning)

        {  // Code to continue turning }

        

         // Check for a bump

        else if(sensors[SenBumpDrop] & BumpEither) {

          // Set the turn parameters and reset the angle

          if(sensors[SenBumpDrop] & BumpLeft)

            turn_dir = 0;

          else

            turn_dir = 1;

           //Command to turn iRobot }

        else {

          // Otherwise, drive straight

          drive(300, RadStraight); }

        // Flash the leds in sequence

        // Update LED State

        // wait a little more than one robot tick for sensors to update

        delayAndUpdateSensors(20);

      } //End while loop

      // Stop driving

      drive(0, RadStraight);

    } 

} 

void delayAndUpdateSensors(uint16_t time_ms){

  uint8_t temp;

  timer_on = 1;

  timer_cnt = time_ms;

  while(timer_on) {

    if(!sensors_flag){

      for(temp = 0; temp < Sen6Size; temp++)

        sensors[temp] = sensors_in[temp];

      // Update running totals of distance and angle

     

      byteTx(CmdSensors);

      byteTx(6);

      sensors_index = 0;

      sensors_flag = 1;

    }

  }

}

SIGNAL(SIG_USART_RECV) {

  uint8_t temp;

  temp = UDR0;

  if(sensors_flag) {

    sensors_in[sensors_index++] = temp;

    if(sensors_index >= Sen6Size)

      sensors_flag = 0;

  }

}
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