









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Energy Conservation Techniques in Mobile Delay-Tolerant Sensor Networks Christopher Sadler Advisor: Margaret Martonosi Princeton University



The Sensor Tug-of-War: Energy vs. Functionality and Lifetime „ „



„ „



Long Lifetime => Months to Years Fine Grained, Autonomous Sensing



Unobtrusive => Small form factor Harsh Environments => Inaccessible, No fixed infrastructure Wireless sensor-to-sensor communication



Nodes operate off batteries and energy scavenged from the environment!
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Major Sensor Challenges Energy conservation is King Communications in sparse, mobile networks are unreliable and energy intensive
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Major Sensor Challenges Energy conservation is King … Severe



resource constraints … Duty cycle control … Still Not Enough: Lifetime > 1-2 months rare with fine-grained sensing and periodic transmissions Clock: KHz-MHz RAM: kBs



Need novel energy conservation techniques tailored to sensors!



Radio



Sensor



Microcontroller



Battery



Non-Volatile Memory



Flash, negligible energy when off 4



Example: ZebraNet 3-5 days on a battery without recharge „ Energy is Longevity „



… Solar



cells degraded quickly „



Radio: 65%



Unreliability is Reality … 25-50%



Other: 5%



GPS: 30%



ZebraNet Energy Profile



reception rates … Asymmetric communications



Radio => Largest energy consumer in the system 5



Major Sensor Challenges Communications in sparse, mobile networks are unreliable and energy intensive … Topology „



changes



Loss of line-of-sight, antenna close to ground, fading, antenna damage, etc.



… Sparse



networks require Delay Tolerance



Peer-to-Peer, opportunistic bursts of communications „ Long radio active periods „



… More



energy intensive than stationary systems



Need to minimize communications and make necessary communications more efficient!
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Current Sensor Trends „



Sensor Hardware Profile … Microcontroller,



Flash: Capability , Energy … Radio: Remains expensive and unreliable „



New Research Focus … Increasingly



sparse,



mobile … Nodes individually important 7



My thesis explores energy conservation techniques for this emerging domain of sensors, with an emphasis on making communications more efficient



Application-Level Compression



Network-Level Data Organization



System-Specific Energy Management
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Talk Outline Introduction and Motivation „ Compression for Sensor Networks (Today’s Main Topic) „ A Communication-Centric Data Abstraction (Brief Introduction) „ Wrap-up „
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Why do we care about Compression in Sensor Networks?



Energy = Compute Energy + Transmit Energy



~2 Million!



10000000



MSP430 Clock Cycles



Success = Energy Savings



1000000 ~32,000



100000 ~4,000



10000 1000 100



ZebraNet: XTend Radio 1 ETXByte
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Short Range



Med. Range



Long Range



125 m



300 m



15 km



1 CC2420 CC1000 Radio



XTend 10



Why do we care about Compression in Sensor Networks? Medium Range Radio (CC1000)



140



Thousands of MSP430 Clock Cycles



Unreliability: Retransmission Extra energy cost Easier to amortize original energy cost of compression



~128,000!



120 100 80 60



~32,000



40 20 0 100%



75%



50%



25%



Percentage of Packets Received Correctly 11



Why do we care about Compression in Sensor Networks? Source



Local Energy Tradeoff: ƒTransmit all data vs. ƒCompress data ƒStore data ƒTransmit compressed data



Downstream Energy Tradeoff: ƒRelay all data vs. ƒRelay compressed data



Downstream Energy Tradeoff: ƒRelay all data vs. ƒRelay compressed data



Sink



Savings Accumulate with Hop Count
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Outline: Compression for Sensor Networks „



Design Criteria and LZW Compression … What



we want in Sensor Compression? … How do we adapt LZW to Sensors?



Using Compression to Conserve Energy „ Conclusions „
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Sensor Network Compression: Energy Savings for Everyone Need a family of general purpose, lossless compression algorithms which work across the design space Great Duck Island (UCB): Outdoors, Stationary



SensorScope (EPFL): Indoors, Stationary



ZebraNet (Princeton): Outdoors, Mobile 14



Sensor Network Compression: Related Work „



Evaluating Off-the-shelf Algorithms …



„



Barr & Asanovic (MobiSys’03) – Compression Energy => PDAs



Sensor Data Reduction and In-Network Aggregation …



Compression Algorithms for High Correlation „



…



Wavelet Compression (SenSys’03), Source Coding (IEEE SP Mag. ’02), etc.



Data Reduction using Data-Centric Routing and Aggregation „



Directed Diffusion (MobiCom’00), etc.



Data correlation is necessary for effective aggregation Difficult to move uncompressed data to aggregating node 15



What do we want?



Low Transmission Overhead



Computationally Simple



Bounded Memory Footprint



Adaptive
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Is a variant of LZW the answer? LZW is a dictionary-based algorithm that encodes new strings based on previously encountered strings. Low Transmission Overhead



Computationally Simple



Receiver re-builds dictionary on-the-fly => no need to transmit it



Small Energy Cost



Bounded Memory Footprint Fixed dictionary size



Adaptive Exploits repetition in any input data stream and works on small blocks of data



But not the same LZW we see on desktops
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Outline: Compression for Sensor Networks „



Design Criteria and LZW Compression … What



we want in Sensor Compression?



… How



do we adapt LZW to Sensors?



Using Compression to Conserve Energy „ Conclusions „
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S-LZW: LZW for Sensor Nodes „



Dictionary decisions … How



large should we make the dictionary? … What do we do if the dictionary fills? „



Details in the Thesis



Data decisions … How „ „



much data should we compress at once?



Longer data streams => better compression learning But too long => high retransmit cost when packets dropped



… Can



we shape the dictionary to improve compression? … Can we shape the data to make it easier to compress?



Later in the Talk 19



S-LZW Idea 1: Data Size SENSOR DATA – N BYTES GENERATED OVER TIME



528 B Block



528 B Block



(2 Flash Pages)



(2 Flash Pages)



COMP. ALGORITHM



COMP. ALGORITHM



Compressed Data



Compressed Data



…



…



… … … …



528 B Block (2 Flash Pages)



COMP. ALGORITHM



Compressed Data



…



Independent groups of 10 or fewer dependent packets
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S-LZW Idea 2: Mini-Caching „ „



Exploit fine-grained locality even in short sensor data sequences Proposal: Mini-cache to tightly encode MRU entries …



Hit => Saves multiple bits. Miss => Costs just 1 extra escape bit Escape Bit 0



Dictionary Tree 10 Bit Entries



1



MiniCache (N entries)



(Log2 N)+1 Bit Entries
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Outline: Compression for Sensor Networks Design Criteria and LZW Compression „ Using Compression to Conserve Energy „



… Local



and Downstream Energy … The Influence of Unreliable Communications … The Effects of Shaping the Data … Exploiting A Priori Knowledge of the Data „



Conclusions 22



Measurement Methodology: CPU and Radios Radios Short Range: CC2420



Experimental Platform Non-Volatile Memory: 4 Mbit Atmel



Microcontroller: 10 kB RAM 48 kB ROM



Medium Range: CC1000 Long Range: XTend



Data 3 Real World Datasets



SS: SensorScope Indoor, Stationary



… and 1 Benchmark



Consistent Data: Easier to Compress



GDI: Great Duck Island Outdoor, Stationary



ZNet: ZebraNet Outdoor, Mobile Calgeo: Geo from Calgary Corpus



Highly Variant Data: Harder to Compress
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Methodology: From Measurements to Models Timing Measurements Duration of Compression



PC: Load Code Verify Results



ZNet Test Node



Oscilloscope: Record Timings



Power and Energy Measurements Energy of CPU/Flash/Radio operations



Test Nodes



DAQ: Measure Power



Convert Measurements to Model Accounts for CPU, Flash, Radio (TX/RX)



PC: Load Code Record Power
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CC2420 (Short Range) 15+% 1.4 Loss



1% 1.2 Loss 1 1.7X 0.8 Gain



1.2



1.2X Gain



1 0.8



0.6



0.6



0.4



0.4



0.2



0.2



0



0



2.6X Gain



Calgeo



ZNet



GDI



SS



Calgeo



ZNet



GDI



SS Data Compressed with S-LZW with Mini-Cache



XTend (Long Range) Lower is better



1.4 Normalized Energy



CPU



Flash



Radio



Local Energy Savings



Model assumes 100% reliability
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Downstream Energy Savings 0.02



4000



0.015



3000



ETXByte s



Energy Saved (J)



CC2420 (Short Range)



0.01 0.005



2000 1000



0



0



-0.005



-1000



1



2



3



4



5



6



7



Hop Count



ZNet data, Compressed with S-LZW with Mini-Cache



8



9 10



1



2



3



4



5



6



7



8



9 10



Hop Count Hop Count



Model assumes 100% reliability
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Coping with Unreliability 1. Energy savings increase linearly with hop count



ETXBytes



CC2420 (Short Range)



2. At a 90% success rate, we save energy locally GDI Data, Compressed with S-LZW with Mini-Cache



Real Deployments! 27



Transforms to Improve Performance Can we shape the data to make it easier to compress?



cb 4e 70 62 …



cb d5 d8 db …



d5 4e 46 62 …



4e 4e 4e 4e …



d8 4e 31 62 …



70 46 31 2b …



db 4e 2b 62 …



62 62 62 62 …



... ... ... ...



... ... ... ...



Normalized against sending the data without compression



CC1000 (Med. Range) 1 Normalized Energy



Proposed Solution: Structured Transform Create a matrix of readings and transpose it to create runs



4.5X Savings!



0.8 0.6 0.4 0.2 0 S-LZW



S-LZW-MC8-ST Algorithm



SS



GDI



Calgeo



Model assumes 100% reliability
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Algorithms Summary Data Composition? Structured



General



Number of Hops? Few



Many



Radio Range? Short RLE-ST ~1.9X Savings



Number of Hops?



S-LZW-MC8-ST ~2.3X Savings



Medium/ Long S-LZW-MC8-ST ~2.4X Savings



MC – Mini-Cache ST – Structured Transform



Few



Many



Radio Range? Short



S-LZW-MC32 ~1.4X Savings



S-LZW-MC16-BWT



~1.8X Savings



Medium/ Long



ZebraNet



S-LZW-MC16-BWT



~1.8X Savings



BWT – Unstructured Transform
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Outline: Compression for Sensor Networks Design Criteria and LZW Compression „ Using Compression to Conserve Energy „



… Local



and Downstream Energy … The Influence of Unreliable Communications … The Effects of Shaping the Data … Exploiting A Priori Knowledge of the Data „



Conclusions 30



The More You Know… „



Can we save additional energy by bringing compression inside the application? … Pros:



More a priori knowledge of the data … Cons: Application-specific implementation



Experimental Dataset: ZebraNet => Lat, Lon, & Time „ Two approaches „



… Exploring



Coarser-Grained Position Resolutions … Compressing with Differentials 31



Exploring Coarser-Grained Position Resolutions 11% Baseline Resolution: 3.7m „ Bit-level shift => 2X decrease in resolution „



Normalized Energy



0.6



Decrease



0.5 0.4 0.3 0.2 0.1 0 3.7



7.4



14.8



29.6



Error (m)



Data Compressed with S-LZW-MC8-ST



Simple way to garner increased energy savings The end users and the application must support it 32



Compression with Differentials Distance Traveled Since Last Reading



Readings Differential: 3B entry, Range: ~1 km Full: 9B entry, Range: World



0m



~1 km 3B



9B



0.6 Normalized Energy



„



0.5 0.4



~2X Decrease!



0.3



„



Different methods of compression … S-LZW:



0.2 0.1 0 S-LZW-MC8- Medium Diff w/ ST S-LZW-MC32 Compression Type



Exploits repetition in the bytes … Differentials: Exploit repetition in the readings
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Chapter Conclusions „ „ „



„



Success in sensor compression is a metric of energy savings, not compression ratio Some amount of compression almost always saves you energy Sensor LZW (S-LZW) can reduce energy consumption by over 1.5X and simple data transforms can improve savings to more than 2.5X The more you know about the data, the more energy you can save 34



Talk Outline Introduction and Motivation „ Compression for Sensor Networks (Today’s Main Topic) „ A Communication-Centric Data Abstraction (Brief Introduction) „ Wrap-up „
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S-LZW alone provides exciting energy benefits, but it does not… 1. 2. 3.



Prevent costly unnecessary transmissions Support data search Automate compression/data reduction processes



Mobile sensor systems should be designed with the data storage and communications infrastructure in mind „



Typical sensor node design: … …



Flash Î Large circular buffer Transmissions Î Best effort 36



Mobile sensor data storage needs „



Coarse-grained data identification Data Entry { int32 latitude; int32 longitude; int32 time_stamp; }



„



… Entries



removed from network individually (likely by time stamp) Acks are 1/3rd the size of actual data Î Saturate the network



Fast, efficient data search … Slow



to read/scan entries individually Short Encounters Î Reduces impact Longer Encounters Î Inefficient use of bandwidth
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Mobile sensor data storage needs „



Sensor file systems …



„



Sensor databases …



„



Good for what they were intended (ensuring data integrity, physical memory management), but not for data search and identification Good for search, but not for identifying and transmitting larger volumes of information



Our needs call for a hierarchical data organization Top tier Î Coarse-grained, Easy to identify … Bottom tier Î Finer-grained, Easy to compress/transmit … Multi-tiered “drill-down” search …



Proposed Solution: Develop a software layer that reorganizes data in a network-oriented fashion to facilitate data search, identification, and reduction services
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DALi: A Data Abstraction Layer for Mobile Sensor Networks Application



Sensor Data 16 Blocks Per Module



~500B Each



Module



Module



Blocks



Blocks



ID Headers



„ „ „



Sensor Data File



“Delete Lists” can prevent unnecessary transmissions Drill-down search structure Integrated compression



Easy to Identify Data Abstraction Easy to Compress/Transmit



… Metadata



File System
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Delete Lists: Energy Conservation



ETXByte



Proposal: Identify 512B Block with 10B Delete List Entry



Up to 170X!



Entry: Node ID=>2B Start Time=>4B File Counter=>2B Block Bit Mask=>2B



Number of Blocks Removed



Percentage of Packets Received Successfully 40



Data Hierarchy + Metadata => Search Example Example: Find 50 < temp < 60 Collected Data { int temp; max_temp Drill-Down: int humidity; min_temp < 60 long int time_stamp; }



> 50 AND



Module: Module: min_temp = 40 min_temp = 46 max_temp = 48 max_temp = 54 64 Entries Per 512B Block 1024 Entries Per Module min_temp = 49 max_temp = 52



…



Block/Module Metadata { int min_temp; int max_temp; long int temp_sum; int min_humidity; int max_humidity; long int humidity_sum; int num_entries; }



18B Per Block and Per Module



Blocks



Search Sensor Data



„



Good for Both Spatial and Traditional Data 41



Search Time (s)



Data Hierarchy + Metadata => Dramatic Speed Improvements 2 1.5 1 0.5 0 1



2



3



4



5



6



7



8



9



10



Module Number Linear Search



DALi Search



Order of Magnitude Improvement 42



DALi Summary „



„



„



Reorganizing data from a network perspective can have a profound impact on mobile communications Eliminating unnecessary communications can save tremendous amounts of energy (170X or more) DALi’s hierarchical drill-down search structure improves search times by an order of magnitude 43



Overarching Thesis Contributions „



Systems-level energy conservation techniques help ensure long periods of fine grained sensing …



Sparse, mobile networks Î Unreliable, energy-intensive communications „



Important to minimize communications and make necessary communications more efficient



S-LZW: Average network energy savings of over 2.5X ¾



DALi: Enable efficient data identification and search



Final Takeaway Message: Even minor system improvements can garner significant energy savings in real networks
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Thanks! Any Questions?
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