
AFRL-AFOSR-VA-TR-2021-0110

Continuous Real-Time State Monitoring in Highly Dynamic Environments

Anton, Steven
TENNESSEE TECHNOLOGICAL UNIVERSITY
1 WILLIAM L JONES DR
COOKEVILLE, TN, 38505
USA

08/18/2021
Final Technical Report

DISTRIBUTION A: Distribution approved for public release.

Air Force Research Laboratory
Air Force Office of Scientific Research

Arlington, Virginia 22203
Air Force Materiel Command

DISTRIBUTION A: Distribution approved for public release



REPORT DOCUMENTATION PAGE Form Approved
OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions,
searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments
regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing the burden, to Department of Defense,
Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington,
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to
comply with a collection of information if it does not display a currently valid OMB control number.
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY)
18-08-2021

2. REPORT TYPE
Final

3. DATES COVERED (From - To)
01 Sep 2016 - 31 Aug 2020

4. TITLE AND SUBTITLE
Continuous Real-Time State Monitoring in Highly Dynamic Environments

5a. CONTRACT NUMBER

5b. GRANT NUMBER
FA9550-16-1-0440

5c. PROGRAM ELEMENT NUMBER
61102F

6. AUTHOR(S)
Steven Anton

5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
TENNESSEE TECHNOLOGICAL UNIVERSITY
1 WILLIAM L JONES DR
COOKEVILLE, TN 38505
USA

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)
AF Office of Scientific Research
875 N. Randolph St. Room 3112
Arlington, VA 22203

10. SPONSOR/MONITOR'S ACRONYM(S)
AFRL/AFOSR RTA1

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)
AFRL-AFOSR-VA-TR-2021-0110

12. DISTRIBUTION/AVAILABILITY STATEMENT
A Distribution Unlimited: PB Public Release

13. SUPPLEMENTARY NOTES

14. ABSTRACT
The overall goal of this research is to develop continuous, real-time sensing capability for determining the state of a dynamic structure on the microsecond to
millisecond timescale using piezoelectric impedance-based SHM concepts coupled with Real-Time FPGA hardware and advanced signal processing. To this
end we have experimentally verified an optimized finite element model of piezoelectric impedance. Results of this numerical modeling effort have revealed
some sensitivity to state change in the first thickness mode in the ~1-3 MHz range. Next, our most significant research contribution is the development of a
novel, resource-efficient impedance measurement technique termed the multi-narrowband excitation approach. Multi-narrowband excitation utilizes the
ability to generate custom excitation waveforms when using a DAQ-based impedance approach to 1) reduce the amount of data acquired to perform state
detection, thereby 2) reducing the amount of time required to process the acquired data, to ultimately 3) realize improvements to the efficiency and speed of
the state detection process. Evaluation of the technique has shown a 77% reduction in excitation time and a 94% reduction in excitation energy when
compared to utilizing broadband chirp excitation. Finally, we have developed a continuous state monitoring system that utilizes a custom written LabVIEW
interface to continuously monitor the state of a structure. Evaluation of the system on a non-optimized DAQ platform have shown detection times on the
order of 20-200 ms. Further improvements are expected when combined with the real-time state monitoring architecture that we developed separately;
testing of which showed sensitivity in piezoelectric impedance up to 3 MHz.

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF:

a. REPORT

U

b. ABSTRACT

U

c. THIS PAGE

U

17. LIMITATION OF
ABSTRACT

UU

18. NUMBER
OF
PAGES

13

19a. NAME OF RESPONSIBLE PERSON 
SCHMIDT

19b. TELEPHONE NUMBER (Include area code) 

Standard Form 298 (Rev.8/98)
Prescribed by ANSI Std. Z39.18

DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release



DISTRIBUTION A: Distribution approved for public release




