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Methodology Experimentation Results and Discussion

Outline:

Methodology
• effect of high-rate dynamics on electronic 

components

• PCB health state estimation

Experimentation
• experimental setup

• daisy chain PCB impedance

Results and discussion
• time and frequency domain 

• feature extraction

• impedance vs. number of impacts

• model design and training

• model performance

Future work
• multi-connection impedance measurement

• raise sampling rate and impact magnitude
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Future work

1) large uncertainties in the external loads;

2) high levels of non-stationarities and heavy 

disturbances; and

3) generated unmodeled dynamics from changes in 

system configuration.

High-rate dynamics
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Future work

PCB health state estimation

• estimate the state of electrical connections

• using acceleration and impedance

• predict health class (healthy, unhealthy)

• supervised learning framework
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PCB health state estimation
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free fall
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Experimental setup
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Daisy chain PCB impedance
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Future work

Common Datasets - a Method for Collaboration 

https://github.com/High-Rate-SHM-Working-
Group

https://github.com/High-Rate-SHM-Working-Group/Dataset-5-
Extended-Impact-Testing/tree/main/data/dataset-2 

https://github.com/High-Rate-SHM-Working-Group/Dataset-5-Extended-Impact-Testing/tree/main/data/dataset-2
https://github.com/High-Rate-SHM-Working-Group/Dataset-5-Extended-Impact-Testing/tree/main/data/dataset-2
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Time and frequency domain response
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Acceleration feature extraction (X)
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Electrical feature extraction (y)
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Model design and training
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Model FPGA implementation 

FPGA
Data 

Format
DSPs BRAMs_18k LUTs FFs

Frequency 
(MHz)

Latency 
(μs)

Alveo U55c

Fixed 16 bit

470 416 75924 112625 283 22.7

ZCU104 454 242 32354 57956 280 41.5

Virtex 7 489 254 92534 129839 220 54

FPGA
Data 

Format
DSPs BRAMs_18k LUTs FFs

Frequency 
(MHz)

Latency 
(μs)

Alveo U55c

Float 32 bit

1177 653 142344 242989 300 37

ZCU104 769 479 136242 263580 270 62

Virtex 7 769 487 192925 316056 150 127
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Model performance

free fall
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Model design and training

free fall



free fall
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Future work

Model performance (F1 score)
F1 = 
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Thank you

Questions?

A u t h o r  I n f o r m a t i o n
N a m e :  Joud N. Satme

E m a i l :  a u s t i n d o w n e y @ s c . e d u

Please consider submitting to IMAC 2025 for a special session on 

high-rate dynamics.
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