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Why EH?

• Some studies are showing as high as 75% drop-out 
rate when customers have to recharge batteries

• Over 1/3 of new users stop using their trackers after 
a year and cite ‘recharge usage’ as the problem

Shih, P.C., Han, K., Poole, E.S., Rosson, M.B., Carroll, 

J.M. (2015). Use and Adoption Challenges of Wearable Activity
Trackers. In iConference 2015 Proceedings



What does it take?



Limits Total Cost of Ownership
For Ubiquitous Sensing Systems

Energy Harvesting + Secondary Battery
Best Option for Short Lifetime Nodes
Eliminates the Need for Charging

Energy Harvesting + Primary Battery 
Battery Life Extender
Harsh Environments; Long Lifetime Nodes

Energy Harvesting + Supercap
Persistent Energy
Longest Lifetime

Primary Battery Only
No Energy Ambient

Energy Harvesting + Secondary Battery
Best Option for Short Lifetime Nodes
Eliminates the Need for Charging

Energy Harvesting + Primary Battery 
Battery Life Extender
Harsh Environments; Long Lifetime Nodes

Energy Harvesting + Supercap
Persistent Energy
Longest Lifetime



Vibration Energy Ambient 

Difficult Zone

Need careful consideration



What is available?

Alta Devices

210 mW, 0.9V

5 x 2 cm2

Perpetuum

100 mW/gee, 5V
dia. 7 cm, h. 6.5 cm

Marlow

0.5 mW/(10°C)∆𝑇
10 cm2

Enerbee

0.4 mW/turn

dia. 4.2 cm

Analog Devices

TEG

0.4 mW/(10°C)∆𝑇
0.1 cm2



What does it take?
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MACHINE HEALTH 
MONITORING… AN 
ULTRA LOW 
POWER SENSING 
USE CASE

Autonomous Energy System

ADI 

TEG
ADP5091

Energy 

Storage

ADXL357 ADXL372 ADT7302

APPS 

Processor 

(ADuCM3029)

Radio 

Module

PMU

Condition 
Based 

Monitoring 
System



Thermoelectric Energy Harvester
System Implementation

?

?

System-level Considerations

Geometry

• Shape and available 
area of heat source

• Shape and available 
area of cold source

• Available volume for 
heat sink

Interfaces

• Surface material of heat 
source (metal, magnetic, 

ceramic, etc.)

• Surface material of cold 
source

• Requirements for adhesion

Thermal

• Typical temperatures of heat source, cold source

• Temperature of ambient

• Typical airflow conditions

Heat source

Heat sink

• V  DT

• P  DT2



ULP Sensing Techniques – Sensor Strobe

• Choosing the right components is not enough
– Make use of unique interoperability features

• ADI SensorStrobe feature (ADuCM302x) allows 
continuous sensing with MCU in hibernate mode 

• MCU can synchronize measurements with a 
strobe signal

• When sensor (e.g.. ADXL362 accelerometer) FIFO 
is full, it interrupts the MCU to download data

• Large power reduction in machine health 
application!

1
3



Edge Node Processing

• MHM data is sparse in the frequency 

domain

• In example at right (helicopter rotor 

shaft), the defect is detectable from the 

first 10 harmonics

• Save power by only sending the largest 

N harmonics of the FFT

• FFT processing takes less energy than 

transmitting data.

• Using N=50 

• Power reduced from 200mW to 36mW

Source: “Bearing Time-to-Failure Estimation using Spectral Analysis 

Features”, Keong et. Al., Structural Health Monitoring, Mar. 2014



Machine Health Monitor:
A look at power consumption and generation

Power Consumption and Generation Curves – Machine Health Monitor Powered by TEG
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ULP Operation Improves Energy Ambient 
Window
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Lowering the DT 

required enables 

more sensors to 

be deployed

Increases variety 

of machines to 

be monitored
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Sources:
NCState, Matrix Industries, SRI, GA 
Tech



ECG patch use case



Energy Balance

Battery life = 220mAh/165uA = 1333h = 55.5 days ✔



Energy Balance
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Energy Consumption by Task and Component

ADuCM3029 AD7689 MT29F4G01AAADDHC-IT AD8233 ADT7420 DA14580 LTC3525LESC6-3 ADP160_AUJZ-2.5 ADP191ACBZ



Agenda

• The Case for Self-Powered Systems

• State of Energy Harvesting Today

• The Energy Balance Equation
– Machine Health Monitor Use Case

– Body Worn Use Case

• Sensor Communication Issues

• The Path Ahead



Talk to Me!

• Once you have your data, 
and have power available 
to use, you need to 
communicate your high-
value data!

• How best to do this?

• RF protocols, frequency 
choices, range, mesh/star, 
data rate for updates?



Frequency options



What Language to Use?

BTLE/ANT/Dust/Zigbee are 
all lower power 
consumption than 
Wifi/UWB

Once you start moving 
LARGE amounts of data 
though, this inverts



Talk to me Less



To Mesh or Not to Mesh
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THE FUTURE OF SELF 
POWERED SYSTEMS … 
STARTS HERE



Connect with me at linkedin.com/in/michellefarrington

THANK YOU
Let’s Talk About Energy Harvesting!

Follow the conversation on Twitter @ADI_News


