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Fast Energy harvesters that combine multiple conversion
mechanisms, such as piezoelectric and electromagnetic, offer an
improved solution for powering small, portable devices. These
hybrid systems exploit the complementary strengths of each
method, where piezoelectric materials excel at generating high
voltages in response to mechanical stress. At the same time, EM
harvesters are more effective at low frequencies, addressing the
limitations of piezoelectric devices. However, despite
overcoming these individual shortcomings, hybrid harvesters still
face the challenge of generating sufficient power output under
low-frequency, random excitations commonly found in real-
world environments. This study addresses this limitation by
integrating Fast Fourier Transform (FFT) analysis to identify
dominant frequencies and optimise system performance.
Additionally, signal rectification methods, including the use of a
voltage doubler circuit, were explored to enhance the energy
conversion efficiency. Experimental results show that under
random excitation frequencies ranging from 1 Hz to 4 Hz, the
hybrid harvester consistently generated stable peak voltages,
with the voltage doubler achieving a significant improvement,
producing 3.8 V compared to the 1.5V generated by the full
bridge circuit. This work demonstrates that hybrid energy
harvesting systems can provide efficient power generation under
unpredictable, low-frequency conditions when coupled with
optimized signal processing techniques. The findings contribute
to the advancement of energy harvesting technologies, offering a
sustainable and maintenance-free power source for low-power
electronics in dynamic and mobile environments.

Author Keywords: Hybrid energy harvester; random low-frequency

vibration energy; Fast Fourier Transform

Corresponding Tahir, Mohamad Safiddin (corresponding
Address: Mohd author)

| CATS Univ Coll, Fac Engn & Technol, Dept Mech, Kuching 93350,
Sarawak, Malaysia

E-mail Addresses :

safiddin@icats.edu.my

Addresses:

https://lwww.webofscience.com/wos/woscc/full-record/W0S:001788302800006

2/10


https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Hybrid%20energy%20harvester%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Hybrid%20energy%20harvester%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Hybrid%20energy%20harvester%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Hybrid%20energy%20harvester%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Hybrid%20energy%20harvester%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22random%20low-frequency%20vibration%20energy%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22random%20low-frequency%20vibration%20energy%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22random%20low-frequency%20vibration%20energy%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Fast%20Fourier%20Transform%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Fast%20Fourier%20Transform%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Fast%20Fourier%20Transform%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Fast%20Fourier%20Transform%5C%22%22%7D%5D&eventMode=oneClickSearch
mailto:safiddin@icats.edu.my

716/26, 4:12 PM Fast Fourier Transform-Based Performance Analysis of a Hybrid Piezoelectric-Electromagnetic Energy Harvester-Web of Scien...

1 | CATS Univ Coll, Fac Engn & Technol, Dept Mech, Kuching
93350, Sarawak, Malaysia

- 2 |nt Islamic Univ Malaysia, Dept Mechatron, Kulliyyah Engn,
Jalan Gombak, Kuala Lumpur 53100, Malaysia
E-mail Addresses :

safiddin@icats.edu.my

Categories/ Research Areas: Engineering
Classification

Web of Science Engineering, Multidisciplinary
Categories

+ See more data fields

Journal information

INTERNATIONAL JOURNAL OF INTEGRATED ENGINEERING O 13
¢ View Journal Impact Journal
Citation
(2025)
Current UNIV TUN HUSSEIN ONN MALAYSIA, 86400 PARIT
Publisher RAJA, BATU PAHAT, JOHOR 00000, MALAYSIA @
Research Engineering
Areas
Web of Engineering, Multidisciplinary
Science
Categories
Citation Network Use in Web of Science
In Web of Science Core Collection O O

https://lwww.webofscience.com/wos/woscc/full-record/W0S:001788302800006 3/10


mailto:safiddin@icats.edu.my
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22WC%22,%22rowText%22:%22Engineering,%20Multidisciplinary%22%7D%5D
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22SO%22,%22rowText%22:%22INTERNATIONAL%20JOURNAL%20OF%20INTEGRATED%20ENGINEERING%22%7D%5D
javascript:void(0)

716/26, 4:12 PM Fast Fourier Transform-Based Performance Analysis of a Hybrid Piezoelectric-Electromagnetic Energy Harvester-Web of Scien...

O Citations Last 180 Days  Since 2013
Learn more =2

CQ Create citation alert>

26

Cited References This record is from:

- View Related Records Web of Science Core Collection

e Emerging Sources Citation
Index (ESCI)

How does this document's citation

? .
performance compare to peers? Suggest a correction

If you would like to improve the

<é Open comparison metrics

quality of the data in this record,
panel >

please Suggest a correction

Data is from InCites Benchmarking &

Analytics
26 Cited References View as set
of results
Showing 26 of 26 (from Web of Science Core Collection)

https://lwww.webofscience.com/wos/woscc/full-record/W0S:001788302800006 4/10


javascript:void(0)
https://www.webofscience.com/wos/woscc/summary/e7a34ab0-7a70-439d-94cd-b082a7dd6567-01bd2f483d/author-ascending/1

716/26, 4:12 PM Fast Fourier Transform-Based Performance Analysis of a Hybrid Piezoelectric-Electromagnetic Energy Harvester-Web of Scien...

https://lwww.webofscience.com/wos/woscc/full-record/W0S:001788302800006 5/10



716/26, 4:12 PM Fast Fourier Transform-Based Performance Analysis of a Hybrid Piezoelectric-Electromagnetic Energy Harvester-Web of Scien...

https://lwww.webofscience.com/wos/woscc/full-record/W0S:001788302800006 6/10



716/26, 4:12 PM Fast Fourier Transform-Based Performance Analysis of a Hybrid Piezoelectric-Electromagnetic Energy Harvester-Web of Scien...

https://lwww.webofscience.com/wos/woscc/full-record/W0S:001788302800006 7110



716/26, 4:12 PM Fast Fourier Transform-Based Performance Analysis of a Hybrid Piezoelectric-Electromagnetic Energy Harvester-Web of Scien...

https://lwww.webofscience.com/wos/woscc/full-record/W0S:001788302800006 8/10



716/26, 4:12 PM Fast Fourier Transform-Based Performance Analysis of a Hybrid Piezoelectric-Electromagnetic Energy Harvester-Web of Scien...

https://lwww.webofscience.com/wos/woscc/full-record/W0S:001788302800006 9/10



716/26, 4:12 PM Fast Fourier Transform-Based Performance Analysis of a Hybrid Piezoelectric-Electromagnetic Energy Harvester-Web of Scien...

Legal Training

Center Portal

2 Clarivate

Privacy Product
Statement Support
© 2026 Clarivate. All rights reserved. Copyright Newsletter

Notice

Cookie
Policy
Manage
cookie
preferences
Data

Correction

Accessibility
Help
Terms of

Use

Follow Us

Vo

https://lwww.webofscience.com/wos/woscc/full-record/W0S:001788302800006

10/10


https://clarivate.com/legal-center/
https://clarivate.com/privacy-center/notices-policies/privacy-policy/
https://clarivate.com/legal-center/notices-policies/
https://webofscience.zendesk.com/hc/en-us/categories/23290193729041-Training
https://supportcenter.clarivate.com/s/product/webofscience
https://discover.clarivate.com/preferencecenter_en
https://clarivate.com/privacy-center/notices-policies/cookie-notice/
javascript:void(0);
javascript:void(0)
https://support.proquest.com/s/article/Web-of-Science-Accessibility-Statement?language=en_US
https://webofscience.zendesk.com/hc/en-us
https://clarivate.com/legal-center/terms-of-business/
https://x.com/ClarivateAG
https://www.facebook.com/clarivateag

