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Sensor Networks Sensor Networks –– Key EnablersKey Enablers

�� MooreMoore’’s Law:s Law:
�� More CPUMore CPU

�� Less SizeLess Size

�� Less CostLess Cost

�� Systems on Chip (Systems on Chip (SoCSoC))

�� Integrated lowIntegrated low--power communicationpower communication



Sensor Networks Sensor Networks –– NeedNeed

�� Overall System ArchitectureOverall System Architecture

�� Software Platform to support & connect Software Platform to support & connect 
SensorsSensors

�� Solution: Solution: OSOS
TinyOS ��



Sensor Systems Software:Sensor Systems Software:
Design ConstraintsDesign Constraints

�� Small physical size/Low power Small physical size/Low power 
consumptionconsumption

�� ConcurrencyConcurrency--intensive operationintensive operation

�� Limited Physical Parallelism & Controller Limited Physical Parallelism & Controller 
HierarchyHierarchy

�� Diversity in Design & Usage/Robust Diversity in Design & Usage/Robust 
OperationOperation



Sample Design Point: ProcessorSample Design Point: Processor

�� 88--bit Harvard architecturebit Harvard architecture
�� 1616--bit addressesbit addresses
�� 32X832X8--bit General Purpose Registersbit General Purpose Registers
�� 4MHz / 3.0 V4MHz / 3.0 V
�� 8 KB Flash (Program Memory)8 KB Flash (Program Memory)
�� 512 B SRAM (Data Memory)512 B SRAM (Data Memory)
�� Coprocessor to write to instruction memoryCoprocessor to write to instruction memory
�� Timers/Counters to fire interruptsTimers/Counters to fire interrupts
�� Sleep modes: Idle, Power Down, Power SaveSleep modes: Idle, Power Down, Power Save



Sample Design Point: RadioSample Design Point: Radio

�� AsyncAsync IO device with hard realIO device with hard real--time time 
constraintsconstraints

�� Speeds up to 19.2 KbpsSpeeds up to 19.2 Kbps

�� Control Signals configure mode Control Signals configure mode 
((XmitXmit/Receive/Power/Receive/Power--off)off)

�� No bufferingNo buffering



Sample Design Point: OthersSample Design Point: Others

�� Temperature SensorTemperature Sensor

�� Serial PortSerial Port

�� CoprocessorCoprocessor
�� 2 KB Flash (instruction memory)2 KB Flash (instruction memory)

�� 128 B SRAM/EEPROM128 B SRAM/EEPROM

�� Can reprogram the main microcontrollerCan reprogram the main microcontroller



PowerPower

�� Key: Make unused components inactive Key: Make unused components inactive 
whenever possiblewhenever possible

�� Embrace the gradEmbrace the grad--student philosophy: student philosophy: 

““Get the work done as quickly as possible Get the work done as quickly as possible 
and go to sleepand go to sleep”” ��



Why RTOS wonWhy RTOS won’’t workt work

�� VxWorksVxWorks, , WindowsCEWindowsCE, , PalmOSPalmOS, QNX, , QNX, ……

�� Based on Based on µµ--kernelskernels

�� Environment tries to mimic desktop systemsEnvironment tries to mimic desktop systems

�� POSIX compatible thread packagesPOSIX compatible thread packages

�� DonDon’’t come close to meeting Sensor Design t come close to meeting Sensor Design 
ConstraintsConstraints
�� QNX contextQNX context--switch takes >2.4K cycles [33MHz CPU]switch takes >2.4K cycles [33MHz CPU]

�� Memory Footprint of Memory Footprint of VxWorksVxWorks ~ 100 KB~ 100 KB



Solution: Solution: TinyOSTinyOS

�� Manages size/power constrained Manages size/power constrained 
hardware effectivelyhardware effectively

�� Supports concurrencySupports concurrency--intensive operationintensive operation

�� EventEvent--based modelbased model
�� Requires less spaceRequires less space

�� Supports high rate of multiSupports high rate of multi--taskingtasking

�� Uses power efficientlyUses power efficiently



TinyOSTinyOS DesignDesign

�� TinySchedulerTinyScheduler
�� ComponentsComponents

�� Command HandlersCommand Handlers
�� Event HandlersEvent Handlers
�� FrameFrame
�� ThreadsThreads

�� Each component declares:Each component declares:
�� Commands it usesCommands it uses
�� Events it signalsEvents it signals

Used to compose Used to compose 
components in a components in a 
perper--application application 
configconfig



TinyOSTinyOS Component LayeringComponent Layering

�� Module Composition creates layers of Module Composition creates layers of 
componentscomponents

�� HigherHigher--level components issue level components issue commandscommands
to lowerto lower--level componentslevel components

�� LowerLower--level components signal level components signal events events to to 
higherhigher--level componentslevel components

�� Hardware: Lowest level componentHardware: Lowest level component
�� Implementation: CImplementation: C
�� Uses Static Uses Static mallocmalloc



TinyOSTinyOS ComponentsComponents

�� Commands: NonCommands: Non--blocking requests to blocking requests to 
lower level componentslower level components

�� Event Handlers: Invoked to deal with Event Handlers: Invoked to deal with 
direct/indirect hardware eventsdirect/indirect hardware events

�� Threads: The workhorsesThreads: The workhorses

�� Thread Scheduler: PowerThread Scheduler: Power--aware FIFO aware FIFO 
QueueQueue



TinyOSTinyOS ComponentsComponents

�� Components describe what they offer and what they Components describe what they offer and what they 
need: easy to need: easy to legolego--fitfit

�� InterInter--Component Communication: Low overhead Component Communication: Low overhead 
function callfunction call

�� Component TypesComponent Types
�� Hardware Abstraction ComponentsHardware Abstraction Components

((EgEg: RFM Radio Component): RFM Radio Component)
�� Synthetic Hardware ComponentSynthetic Hardware Component

((EgEg: Radio Byte Component): Radio Byte Component)
�� High Level Software ComponentsHigh Level Software Components

((EgEg: Messaging Component): Messaging Component)



ExampleExample

�� Three I/O DevicesThree I/O Devices
�� NetworkNetwork

�� Light SensorLight Sensor

�� Temperature SensorTemperature Sensor

�� Periodic timerPeriodic timer--event triggers event triggers 

data collectiondata collection

�� XmitXmit: Each component is a: Each component is a

datadata--drain and funnels drain and funnels 

the data outthe data out

�� RecvRecv: Each component is a: Each component is a

datadata--pump and pullspump and pulls

the data inthe data in



Evaluation Evaluation 
(in the light of Design Constraints)(in the light of Design Constraints)

�� Small physical size/Low power consumptionSmall physical size/Low power consumption
�� Scheduler 178 BytesScheduler 178 Bytes
�� Network Sensor App 3 KB Network Sensor App 3 KB InstrInstr MemoryMemory
�� Scheduler Data Size 16 Bytes (= 3% of available data memory)Scheduler Data Size 16 Bytes (= 3% of available data memory)

�� ConcurrencyConcurrency--intensive operationintensive operation
�� High throughput eventHigh throughput event--modelmodel
�� Cost of propagating an event ~ one byteCost of propagating an event ~ one byte--copycopy
�� Posting a thread ~ six bytePosting a thread ~ six byte--copiescopies
�� Interrupt Handling ~ nine byteInterrupt Handling ~ nine byte--copiescopies
�� Event Propagation: total delay up a 5Event Propagation: total delay up a 5--layer stack 40layer stack 40µµs (~ 80 instructions)s (~ 80 instructions)

�� Limited Physical Parallelism & Controller HierarchyLimited Physical Parallelism & Controller Hierarchy
�� Multiple data flows, yet Single MicrocontrollerMultiple data flows, yet Single Microcontroller
�� Interesting Architectural ImplicationInteresting Architectural Implication

�� Diversity in Design & Usage/Robust OperationDiversity in Design & Usage/Robust Operation
�� Sample Applications TestedSample Applications Tested
�� Implemented in C Implemented in C –– can target multiple CPU Architecturescan target multiple CPU Architectures



““May the (Tiny) OS be with youMay the (Tiny) OS be with you””

-- Sensor Systems JediSensor Systems Jedi
Sensor Wars, Revenge of the ChipSensor Wars, Revenge of the Chip

Thank YouThank You
��


