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* Sensor nodes: One-for-one dense sensing topology, low-power (>1000 hrs),
low-cost (<$15.66), scalable, high-temperature-resistant

e Android App: Automatic per-mask decontamination verification,
throughput-maximization algorithm
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Nurses Survey: N95 Mask Shortages Still the Rule
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N95 Decontamination Methods

Decon Method SARS-CoV-2 Filtration Chemical residue | Operator
inactivation* | efficiency & fit | removal required | hazard**
Moist-heat
Hydrogen Peroxide \/ \/ yes chemical  S$SS 10-20
Ozone
Bt \/ \/ 0 exposure >% 2
Steam Autoclave Vi X no no SSSS 1-10
Alcohol submersion \/ X yes no S Not recommended
Bleach submersion \/ X yes chemical 5 Not recommended
Ethylene Oxide v 4 yes chemical $S  Not recommended
* Demonstrated to inactivate SARS-CoV-2 or similarly-resistant viruses by at least 3-log of bioburden reduction Source: N95Decon.org

** Assuming standard protection procedures are followed (e.g. wearing mask, gloves, long-sleeved gown, eye protection)
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Moist-heat Decontamination Challenges

Temperature (70-85°C) and relative humidity (> 50%) suitable for heating devices in hospitals

CHALLENGES:
® Lack of specialized heating equipment:
o Non-uniform heating, unpredictable humidity
leakage, etc.
® Lack of scalable per-mask monitoring &
verification methods
o Wired sensors cannot be deployed in a rapid
and scalable way
® Lack of throughput maximization mechanisms
o Readings in each container are not used for
feedback control
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Moist-heat Decontamination Challenges

Temperature (70-85°C) and relative humidity (> 50%) suitable for heating devices in hospitals

CHALLENGES:
Need a scalable sensor-based technology to do

constant per-mask verification of temperature
and humidity level and provide feedback for
throughput maximization.




VeriMask Wireless Sensor Platform
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Sensor nodes: One-for-one dense sensing topology, low-power (>1000 hrs),
low-cost (<$15.66), scalable, high-temperature-resistant

e Android App: Automatic per-mask decontamination verification,
throughput-maximization algorithm

* BLE advertising: Scalable, safe, low power consumption
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Throughput Maximization

Input: selected total working time #,,0,, profiling cycle temperature data matrix Dy, f, profiling cycle heating device temperature

Ta(lgz;’ required in-range decon time ¢ j,0p, decon temperature thresholds [T, T, |, optimal heating device temperature
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Throughput Maximization
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e Successfully increased the number of successfully decontaminated masks.
* Counter-intuitively, we find that more masks (containers) in the heating device
does not necessarily lead to more successfully decontaminated masks.




Decontamination Failure Detection

Leakage

Leakage: No Leakage: No Leakage: ERROR_
ERROR_FAILURE DONE DONE FAILURE
100 A 100
2 U3
> =
T 50". e =~ 50 &
0 N
W
= ~
0 —No Leakage = Leakage| 5 —No Leakage = Leakgge\ .
0 10 20 30 40 0 10 20 30 40
Time (min) Time (min)

Tests in lab and clinical settings show that VeriMask is able to reliably detect
various decontamination failures such as unpredictable humidity leakage




Lessons Learned

* Emergency response designs should be prepared long in
advance to avoid need-response mismatch due to supply chain
disruptions and clinical access regulations

* Designers should plan for the worst case and design for
modularity to avoid out-of-stock components

* Mobile computing researchers should engage early with
medical professionals and end users to enable efficient and
down-to-earth specifications.
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Project links:

Open-source design at https://github.com/longyan97/VeriMask_Designs

Visit the project website: https://spqrlab1.github.io/N95deconProject.html
Please feel free to contact Yan Long: yanlong@umich.edu

This works is supported by NSF under the grants CNS-2031077, CNS-2032408, CNS-2107400, and a gift from
Facebook. The authors would also like to thank the reviewers for their incredibly helpful and constructive

comments. We thank Weikun Lyu and Connor Bolton for their valuable inputs. We express our sincere gratitude
to the N95DECON consortium and the University of Michigan hospital.
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