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Presenter
Presentation Notes
Good afternoon everybody, my name is Nhan. Today, I would like to present the PM with PID controller in Energy Harvesting wireless sensor networks.
The PM has low complexity as monitoring harvested and consumed energy are not required in our approach. Our experimental results with real sensor platform shows that the PID controller provides an automatic adaptation for long term operation of the wireless node in various environmental conditions


Toward Connected Objects...
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Connected objects are expected to 50 billions by 2020
(Cisco Systems 2014)

Energy consumption for a huge
number of connected objects?

Autonomous designs with
battery independency?

Harvesting Wireless Sensor Nodes


Presenter
Presentation Notes
The development of portable smart devices in our living such as home appliances in a smart house or thousands of smart sensors and actuators in a smart city have opened a new world of connected objects. The concept of Internet have been extended to the Internet of Things. Any wireless object can joined the network and communicate with others like traditional computers do. The number of connected objects in IoT is increasing rapidly, and is expected to 50 billion objects in 2020. A huge number of connected objects opens an issue of energy consumption. How we can power a huge number of connected objects for long terms operations? Or even reach an autonomous system, without the dependency of power supply.
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Wireless Sensor Networks (WSNs)

WSN node
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Dual-chamber pacemaker
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Presenter
Presentation Notes
In this thesis, we spent our investigations on WSN, which is a typical connected objects.
WSN is composed of many wireless nodes. 
These WSN nodes collected data tracking from their sensors and send to a base station for monitoring.
Many types of sensors provides various monitoring applications using WSn such as 
To satisfy long-term operation requirement, energy harvesting techniques are integrated in WSN




Generic Power Manager Architecture

e Energy Harvesting (EH): a new paradigm for Power Manager (PM):

— The objective is no more to minimize the consumed energy as battery-
powered WSN

— But rather to satisfy Energy Neutral Operation (ENO) condition [kaN2007]
consumed energy = harvested energy
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[KAN2007] A. Kansal, J. Hsu, S.Zahediand M.B. Srivastava, “Power management in energy 4
harvesting sensor networks,” ACM Transactions in Embedded Computing Systems (TECS), 2007.


Presenter
Presentation Notes
Low complexity, memory footprint
Independent of harvested sources
Can be easily implemented in a real WSN node.

To provide autonomous capability in EH-WSN, the power manager is required.



Power Manager Challenges

How to control energy Consumption? R —
— Adapt the wake-up interval (T,,)

— Adapt transmit power
— Dynamic Voltage and Frequency Scaling (DVFS)

Consumed energy model:

— Depend on scenarios or functional modes

Harvested energy model:

— Different energy sources: solar, wind, thermal...

Frr (W)

— Real-time monitoring

Which kind of energy storage?

120

Hour

500 000 recharge cycles
Easy to estimate the state of charge

500 recharge cycles
Difficult to estimate the state of charge

[Cymbet ] Low leakage current —_—— High leakage current
[CapXX]
http://www.cymbet.com http://cap-xx.com
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Related Work: KAN-PM [kan2007]

 Designed for solar-powered WSN with rechargeable batteries

 Adaptations are based on prediction of harvested energy:
— Energy consumption is a constant
— State of Charge (SoC) is not considered

: e . - _ Prediction
e Time domain is divided in fixed slots (30 minutes) S

. . ) 4 . ) O
Historical Predicted Initialize

harvested =» harvested = wake-up
ener ener [
gy - S gy = - interval

Dynamic Wake-up
adaptations interva

NG j

 Low response to the change of harvested energy

e Battery failure can occur (WSN is shutdown!!!)
 High performance when harvested energy is available
e Low performance when there is no harvested energy

[KAN2007] Kansal et al., “Power management in energy harvesting sensor networks,” ACM Transactions in 6
Embedded Computing Systems (TECS), 2007.



Related Work: CL-PM [cas2012)

 Adaptations are based on current harvested energy and State of Charge
(SoC) of the battery:

— Harvested energy model is based on a luminance sensor
— Consumed energy model is based on a Look Up Table (LUT)

e Dynamic adaptation periods

Luminance Harvested energy
sensor model

Wake-up
interva

Look Up Consumed energy
Table (LUT) model

£

[ SoC model ]

 Fast response to the change of harvested energy

e Battery failure is avoided in CL-PM

 High performance when harvested energy is available
 Low perfomance when there is no harvested energy

[CAS2012] Castagnetti et al., “A framework for modeling and simulating energy harvesting wsn 7
nodes with efficient power management policies,” EURASIP, 2012.



Contributions

 Global power manager for supercapacitor-based
energy harvesting WSN node:
— Balance performance while satisfying ENO
— Energy sources independence: solar, wind, thermal...
— Precise energy model: consumed, harvested and SoC models
— Low complexity, memory footprint

* Periodic energy sources:
— Light energy in an office

— Energy Interval (T))
— Non-Energy Interval (Tyg)
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Presentation Notes
Synchronous protocols are not useful in this case as we will lose a lot of energy due to synchronizations.
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Multiple Energy Sources Converter (MESC)

Harvesters MESC WSN node

ol TN A

Adapter

»

== Energy flow — Signal control

Thermal

e Support different sources: solar, thermal, wind
e Supercapacitor-based energy storage
 Optimized energy flow

 DC/DC converter efficiency: = 0.85

e Optimized sizing OutCap and StoreCap
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The next part of my talk will present the block diagram of hardware platform using in this work.
It is called the Multiple Energy Sources Converter, designed by CAIRN team in Lannion.



Multiple Energy Sources Converter (MESC)
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== Energy flow — Signal control

e Support different sources: solar, thermal, wind
e Supercapacitor-based energy storage
 Optimized energy flow

 DC/DC converter efficiency: = 0.85

e Optimized sizing OutCap and StoreCap

[LE2014] LE et al., “Energy Neutral Design Framework for Supercapacitor-based Autonomous Wireless Sensor 12
Networks” ACM Journal of Emerging Technology (JETC), 2014.
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The next part of my talk will present the block diagram of hardware platform using in this work.
It is called the Multiple Energy Sources Converter, designed by CAIRN team in Lannion.



Software-based Energy Monitor

 Provide energy profiles

— Current energy in the StoreCap (&) — Consumed energy of the WSN node (&)
— Leakage energy of the whole system (& .,,) — Harvested energy from harvesters (¢,,)

Stored S Leak
energy model

(D

Harvested
energy model

Look Up Table

Calculation Before Ecer 9714
Transmission

Transmit/Receive wake- E,,z 51 Consumed
up beacon ~
Data Transmission Eor 80w SITEAE model eC
1
Data Reception Epx 100 :
Clear Channel Eccn 18 i Software-based Energy Monitor 1 [LE2013a]
Assessment e e -
[LE2013a] Le et al. "Duty-Cycle Power Manager for Thermal-Powered Wireless Sensor Networks." IEEE 13

International Symposium on Personal, Indoor and Mobile Radio Communications (PIMRC). 2013.



Adaptive Filter-based Energy Predictor

Historical | " Adaptive R .
Values __Filter | * €4(n+1): Predicted harvested
A N

energy in slot n+1
e err(n+1): Prediction error
e wW(n): Filter coefficients
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- Signal at the start of slot N +1 ==3Signal at the end of slot n +1

— Predilcted powler —_— Rleal powelr
: : 3000} : : 5 5 :
e Low complexity and memory footprint
%"2500
e Acceptable average error (less than 2
0 =
15%) < 15000 W o ; | | |
 |ndependent of energy sources: outdoor o ' VYT WNeAwd 00
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[LE2013b]

[LE2013b] T.N. Le, O. Sentieys, O. Berder, A. Pegatoquet, C. Belleudy, "Adaptive Filter for Energy Predictorin 14
Energy Harvesting Wireless Sensor Networks," Architecture of Computing Systems (ARCS), 2013
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Power Manager with Balanced Quality of

Service
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Positive Energy Power Manager (PE-PM)

* Energy constraint to respect ENO:

/A N\
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Negative Energy Power Manager (NE-PM)

e Remaining time of non-energy interval:

{ R(N+1) = R(N)=T. (n) = R(n) —KT., (n) 1

 Available energy for waking-up:

{ E . (n+l)= %CS [VSZ (n)— Voz]— (P, T 1P, )R(n+ 1)1

Next wake-up interval:

R(n+1)e,...(n+1
TWI (n +1) — ( ) ACtIVe( )
KE;(n+1)
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BQS-PM Simulation Setup

Evaluation metrics Single-hop EH-WSN
e W(S): Average wake-up interval during T, End Device (ED) ((({ )))) Base Station (BS)
e Wy (S): Average wake-up interval during Tyg, ’ (((( )))) m
o W,(S): Average wake-up interval during T, i Y 4 _.
e Mem(words): Memory footprint E%L: S0 | \\
e Mul: Number of multiplications i Y (@) y 4 @)
e B{(minute): Battery failure duration ~~Wireless link | & | = |
e Gap: the difference of Wg, and Wy, = ED(2) == o)

|WEI _Wc | + |WNEI _Wc

m =5.2V

Gap =

C, =1.8F,V,, =1.8V,V

Max
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Receiver Initiated Protocol (RICER) (evt2004

T,=50ms | V}/ake-up beacon (WUB)

j D D Receivel;

ldle listening Clear Channel Assessment (CCA)
Sensing E“P - ==—Data Transmission (DT)

>

Transmitter

Tige = D2MS

— After receiving a beacon packet (WUB), the transmitter forwards data
package (DT) after Clear Channel Assessment (CCA)

[LIN2004] Lin et al. “Power-efficient rendez-vous schemes for dense wireless sensor networks”, In IEEE 21
International Conference on Communications, 2004.



BQS-PM Simulation Results
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 Wake-up interval presents an inverse shape according to the
harvested power
e ENO condition is satisfied after a day (24hours)
* There is no battery failure or overflow
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KAN-PM Simulation Results
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 Low response to the change of harvested energy
 Does not well satisfy ENO condition
e Low Ty, during T, but very high T,,, during T\,
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CL-PM Simulation Results
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 Fast response to the change of harvested energy

o Satisfies ENO condition, without battery failure

e Low Ty, during T, but very high T,,, during Ty
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PEO-PM, KAN-PM and CL-PM Comparisons

________BQSPM ___KAN-PM__|Gain (%) __CLPM ____ Gain(%)

W, (s) 21.1 11.1 -47.4 10.4 -50.7
W (S 18.9 125.2 34.9 111.6 383.1
W (s) 19.9 111.6 3.13 19.6 -0.26
Mem (words) | 11 48 77.08 10 -10.00
Mul 16 28 42.86 9 -77.78
B; (min) 0 18 - 0 -

e While balancing wake-up interval, W, is significantly
improved

* Difference of wake-up interval between T, and T, is
removed

e Low complexity, low memory footprint and no battery failure

A Power Manager with Balanced Quality of Service for Energy- 25
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Conclusions

* Power manager with Balanced Quality of
Service (BQS-PM):
— Adapt the node to ENO, without battery failure

— Improve 85% the QoS when there is no more
harvested energy

* Independence of periodic energy sources

e Low memory footprint, low complexity

A Power Manager with Balanced Quality of Service for Energy- 26
Harvesting Wireless Sensor Nodes



2nd International Workshop on Energy Neutral

Sensing Systems (ENSsys 2014)

Thahk Wow %

A Power Manager with Balanced
Quality of Service for Energy-
Harvesting Wireless Sensor Nodes

AT D LS T R R



	A Power Manager with Balanced Quality of Service for Energy-Harvesting Wireless Sensor Nodes
	Toward Connected Objects…
	Wireless Sensor Networks (WSNs)
	Generic Power Manager Architecture
	Power Manager Challenges
	Related Work: KAN-PM [KAN2007]
	Related Work: CL-PM [CAS2012] 
	Contributions
	Contents
	Contents
	Multiple Energy Sources Converter (MESC)
	Multiple Energy Sources Converter (MESC)
	Software-based Energy Monitor
	Adaptive Filter-based Energy Predictor
	Contents
	Power Manager with Balanced Quality of Service (BQS-PM)
	Positive Energy Power Manager (PE-PM)
	Negative Energy Power Manager (NE-PM)
	Contents
	BQS-PM Simulation Setup
	Receiver Initiated Protocol (RICER) [EYL2004]
	BQS-PM Simulation Results
	KAN-PM Simulation Results
	CL-PM Simulation Results
	PEO-PM, KAN-PM and CL-PM Comparisons
	Conclusions
	A Power Manager with Balanced Quality of Service for Energy-Harvesting Wireless Sensor Nodes

