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1. Introduction1. Introduction

nn Project goalsProject goals
nn DisplayingDisplaying  temperaturestemperatures in real time in real time

nn Real time Real time specificationsspecifications
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SalvoSalvo

nn CooperativeCooperative, , event-drivenevent-driven, , prioritypriority  basedbased
multitaskingmultitasking RTOS RTOS

nn DesignedDesigned for  for processorsprocessors  withwith  severelyseverely  limitedlimited
RAMRAM

nn Events Events allowedallowed  includeinclude  semaphoressemaphores, messages, messages
andand message queues message queues

Tests ProcedureTests Procedure

handling output pins

Button + LED

LED blinking
active loop

switching the state

pushing the button changes
the state of the LED

interrupts

Thermal sensors
initializations, conversions,

decoding, printing

comm. with peripherals

LCD Display
Constant message

displayed

LCD control

Salvo tests

Documents
reading
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Implementation DesignImplementation Design

nn Listing of required functionalitiesListing of required functionalities
nn Adaptation with Salvo possibilitiesAdaptation with Salvo possibilities
nn Functions grouped within 3 tasks,Functions grouped within 3 tasks,

synchronization using 1 semaphoresynchronization using 1 semaphore
nn Task priority analysisTask priority analysis

Electronic BoardElectronic Board
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2. 2. ProgrammingProgramming  strategystrategy

2.1.Initial Tests2.1.Initial Tests

nn  LED:  LED: dedicateddedicated pin,  pin, registerregister, macro, macro
nn ButtonButton: : interruptinterrupt  handlerhandler, , led-shiftled-shift, , bounce-bounce-

phenomenonphenomenon
nn LCD: LCD: librarylibrary
nn LM35 LM35 AnalogicalAnalogical  SensorSensor: : readread  andand display display
nn DS1620 Digital DS1620 Digital SensorSensor: : readread  andand display display
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LM35 LM35 AnalogicalAnalogical  SensorSensor  LibraryLibrary

Read Read currentcurrent    analogicalanalogical
temperaturetemperature

u16 u16 lcd_readtemplcd_readtemp()()

InitializationInitializationvoidvoid lm35_init() lm35_init()

LCD LCD LibraryLibrary

Display Display thethe  ""messagemessage“ at the“ at the
cursor locationcursor location

lcd_putslcd_puts((""messagemessage""))

Position Position thethe  cursorcursorlcd_poslcd_pos(l, c)(l, c)

ClearClear  thethe display displaylcd_clearlcd_clear()()

InitializationInitializationlcd_initlcd_init()()
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DS1620 Digital DS1620 Digital SensorSensor  LibraryLibrary

Read Read currentcurrent  temperaturetemperatureu16 ds1620_readtemp()u16 ds1620_readtemp()

StartStart a new conversion a new conversionvoidvoid ds1620_start() ds1620_start()

InitializationInitializationvoidvoid ds1620_init() ds1620_init()

2.2.Description 2.2.Description ofof  thethe  TasksTasks

nn Display Display TaskTask
nn FunctionFunction  printprint()()
nn ThreeThree  printprint modes: CURRENT, MINI, MAXI modes: CURRENT, MINI, MAXI

nn TemperaturesTemperatures Acquisition  Acquisition TaskTask
nn FunctionFunction acquisition() acquisition()
nn RetrievesRetrieves  analogicalanalogical  andand digital  digital temperaturestemperatures  computedcomputed

by by thethe  sensorssensors

nn LED LED BlinkingBlinking  TaskTask
nn FunctionFunction  born_to_be_aliveborn_to_be_alive ()()
nn SwitchesSwitches  thethe LED state LED state
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2.3.Choice 2.3.Choice ofof  PriorityPriority (1) (1)

nn Call to the scheduler : OS_YIELD, OS_DELAY,Call to the scheduler : OS_YIELD, OS_DELAY,
OS_WAITSEM, OSSIGNALSEMOS_WAITSEM, OSSIGNALSEM

nn Display Task : the highest priority taskDisplay Task : the highest priority task

nn Not a background taskNot a background task
nn Waits for the semaphoreWaits for the semaphore

nn LED Blinking TaskLED Blinking Task

nn LED task establishes the rhythm of the displayLED task establishes the rhythm of the display
nn Releases the semaphoreReleases the semaphore

2.3.Choice 2.3.Choice ofof  PriorityPriority (2) (2)

nn Temperatures Acquisition TaskTemperatures Acquisition Task
nn Acquisition Acquisition tasktask  hashas to  to bebe a background  a background tasktask
nn Minimal Minimal andand maximal  maximal temperaturestemperatures

nn LED Blinking Task Priority > Temperatures AcquisitionLED Blinking Task Priority > Temperatures Acquisition
TaskTask  PriorityPriority
nn If LED task priority lower => never be scheduledIf LED task priority lower => never be scheduled

nn ConclusionConclusion
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TasksTasks progression progression
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3. 3. DevelopmentDevelopment &  & ExperimentationExperimentation
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DevelopmentDevelopment  andand  ExperimentationExperimentation::
DetailsDetails (1) (1)

nn Interruption Interruption enablingenabling
nn ProblemProblem: : StartStart  displayingdisplaying  thethe minimal  minimal temperaturetemperature
nn Cause: Cause: PendingPending  interruptinterrupt  atat  startupstartup
nn OSEiOSEi() reset global () reset global interruptinterrupt  maskmask, INTE =1 , INTE =1 allowsallows

externalexternal  interruptsinterrupts
nn Solution: Solution: enablingenabling  interruptsinterrupts  beforebefore  init_valueinit_value()()

DevelopmentDevelopment  andand  ExperimentationExperimentation::
DetailsDetails (2) (2)

nn External InterruptExternal Interrupt
nn Goal: changing the display modeGoal: changing the display mode
nn Pressing the button: call to the interrupt handler,Pressing the button: call to the interrupt handler,

INTF=1INTF=1
nn Bounce phenomenon avoidanceBounce phenomenon avoidance
nn Right after a request for erasing Right after a request for erasing extremaextrema values, values,

no change in display modeno change in display mode

Button press Button
release

Bounce phenomenonPin state
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Software ExplanationSoftware Explanation

nn Initialization of the Minimum TemperaturesInitialization of the Minimum Temperatures
nn 0 = minimal value our system can compute0 = minimal value our system can compute
nn Temperatures cannot be initialized to 0Temperatures cannot be initialized to 0
nn For unsigned variables, -1 = maximum value:For unsigned variables, -1 = maximum value:

all bits are equal to 1all bits are equal to 1
nn -1 not displayed: display mode set to current-1 not displayed: display mode set to current

temperatures at startup and resettemperatures at startup and reset

Difficulties and TroubleDifficulties and Trouble

nn Extended Pressure on the ButtonExtended Pressure on the Button
nn Checking the interrupt flag INTF is not sufficientChecking the interrupt flag INTF is not sufficient
nn Need to consider the button as a regular inputNeed to consider the button as a regular input

pinpin
nn Inverted state: 0 stands for pressed button, 1 forInverted state: 0 stands for pressed button, 1 for

releasedreleased
nn Managed using a decremented counter = timeoutManaged using a decremented counter = timeout
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DevelopmentDevelopment  andand  ExperimentationExperimentation::
DetailsDetails (3) (3)

nn Variable Variable TypingTyping
nn Importance Importance ofof  usedused  memorymemory  spacespace  programmingprogramming

a PICa PIC
nn Variable types Variable types usedused ( (e.g.e.g. u08) ,  u08) , signedsigned or or

unsignedunsigned, 8, 16, or 32 bits, 8, 16, or 32 bits
nn Code Code optimizationoptimization

DevelopmentDevelopment  andand  ExperimentationExperimentation::
DetailsDetails (4) (4)

nn Timer Interrupt FrequencyTimer Interrupt Frequency
nn Critical in a real-time embedded kernelCritical in a real-time embedded kernel
nn Generated by an internal configurable timerGenerated by an internal configurable timer
nn Scalable interrupt frequency: maximum divisionScalable interrupt frequency: maximum division

= 4*1024 = 4*1024 àà minimum frequency = 1KHz minimum frequency = 1KHz
nn We have noticed frequencies as down as 15HzWe have noticed frequencies as down as 15Hz
nn Variations even while the software was running!Variations even while the software was running!



12

ENSEIRB 2004ENSEIRB 2004

4. Conclusion4. Conclusion


