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AGENDA 

› Motivation 

› Periodic tracking 

› Dynamic tracking 

› EnTracked 

› Methods 

› Evaluation 

› Conclusions 
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Motivation 

› Mobile devices depend on battery power 

› Power consumption impacts application use 

3 
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MEASURING POWER CONSUMPTION 

› Profiling Power Consumption on N95 8GB 

› Nokia Energy Profiler Tool 

4 

Feature Avg. Power [watt] 

Idle 0.0621 

Accelerometer 0.0503 

GPS 0.324 

UMTS Radio idle 0.466 

UMTS Radio active 0.645 
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POSITION TRACKING 

› Tracking 

› For server to provide application with updates of the target 
position 
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PERIODIC TRACKING 

› Send position update every X seconds 

› Upper limit on latency of position updates 

› No guaranties for accuracy, walk 90 m or drive 1 km 

› Simple to implement 

6 

A. Leonhardi and K. Rothermel. A comparison of protocols for updating location information. 
Cluster Computing, 4(4):355–367, 2001. 
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PERIODIC TRACKING 

› X=60 seconds 

7 T. Farrell, R. Lange, and K. Rothermel. Energy-efficient tracking of mobile objects with early distance-based reporting. 
In Proceedings of 4th Int. Conference on Mobile and Ubiquitous Systems (Mobiquitous 2007). 
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PERIODIC UPDATING 

› Averages for 1-300 seconds 
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DYNAMIC TRACKING 

› Adapt position updates to satisfy error threshold 

› Sources of thresholds 

› Map zoom level (50-500 m) 

› Proximity detection algorithms (1–10000 m) 

› Complex implementation 

9 

A. Küpper and G. Treu. Efficient proximity and separation detection among mobile targets for supporting location-
based community services. Mobile Computing and Communications Review, 10(3):1–12, 2006. 
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EnTracked 

› EnTracked – a dynamic tracking system 

› Goals 

› Minimize energy consumption (turning features off) 

› Optimize robustness (position within error thresholds) 

› Adapt based on estimating and predicting system 
conditions and mobility 

10 
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ARCHITECTURE 
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EnTracked – CLIENT SIDE LOGIC 
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DERTEMINE TIME LIMIT 

› Time limit for delivering a new fix to server 

13 

dlimit: user error limit 
emodel: estimated error of server-known position 
Vest: GPS speed estimate + speed estimate accuracy 
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EnTracked – CLIENT SIDE LOGIC 
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MINIMIZE CONSUMPTION 
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Recursive Power Function 

Minimization function 

Delay functions 
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DELAY MODEL FOR GPS 

› Time To First Fix for Assisted-GPS  
with Nokia N95 8GB 

16 



EnTracked 
MIKKEL BAUN KJÆRGAARD 

Post Doc 

JUNE, 2009 

AARHUS 
UNIVERSITET 

MINIMIZE CONSUMPTION 
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Recursive Power Function 

Minimization function 

Delay functions 
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RECURSIVE POWER FUNCTION 

› r0: seconds since an active radio was asked to 
power off 

› tlimit: the limit for getting a new fix 

› r’’: when to turn the radio on  

18 
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RECURSIVE POWER FUNCTION 

19 

0 1 2 3 4 5 6 7 8 9 

0 0 0,645 1,29 1,935 2,58 3,225 3,87 4,515 4,515 4,515 

1 - 0,645 1,29 1,935 2,58 3,225 3,87 4,515 5,16 5,16 

2 - - 1,29 1,935 2,58 3,225 3,87 4,515 5,16 5,805 

3 - - - 1,935 2,58 3,225 3,87 4,515 5,16 5,805 

4 - - - - 2,58 3,225 3,87 4,515 5,16 5,805 

5 - - - - - 3,225 3,87 4,515 5,16 5,805 

6 - - - - - - 3,87 4,515 5,16 5,805 

7 - - - - - - - 3,87 5,16 5,805 

8 - - - - - - - - 3,87 5,805 

9 - - - - - - - - - 3,87 

C6,0.645(tlimit-reqs(r),r,r0) , tlimit=10 , r0=0 

r’’=9 
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MINIMIZE CONSUMPTION 

20 

Recursive Power Function 

Minimization function 

Delay functions 
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EnTracked – CLIENT SIDE LOGIC 
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IMPLEMENTATION 
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DEPLOYMENT 

› EnTracked Server 
› Implemented in Java  
› Running on a public IP adresse 

› EnTracked Client  
› N95 8GB  
› Implemented in Python for S60 

› Connection between client and server over UMTS 
using TCP. 

› Nokia Energy Profiler 
› Position error using manual-entered ground truth 23 
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EnTracked - Video 

› Yellow (worm) – Ground Truth 
› Red - EnTracked with user error threshold 100 meter 
› Blue - EnTracked with user error threshold 200 meter 

24 
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ROBUSTNESS 

› Error of server-known position 

25 

Error threshold: 100 m Error threshold: 200 m 

Speed estimated to low 
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ROBUSTNESS 

› Trust position estimates less 

› Other option would be to trust speed less 26 
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ENERGY EFFICIENCY 

› Measured with Nokia Energy Profiler 

27 

Error threshold: 100 m Error threshold: 200 m 
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DISCUSSION 

› Depend on request patterns 

› Need position twice a day (Use a request protocol) 

› Anytime within limit (Use EnTracked) 

› Depend on movement patterns 

› Moving fast all the time (Small savings) 

› Moving fast only a few times a day (Large savings) 

28 
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Conclusions 

› EnTracked – a dynamic tracking sytem 

› Methods for changing system conditions 
› Speed and speed accuracy 
› Position accuracy 
› Mobility 

› Minimization algorithm to select optimal plan 

› Evaluation in terms of both emulation and 
deployment for energy-efficiency and robustness 29 


