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Preprocessing: 
1) Remove signal outliers outside of ± 1.5 IQR
2) Compute average value of RSSI per 10 sec for each anchor
3) Generate one RSSI vector for each time slot

Results
Ø Consent rate was 43.3% with 187 HCW enrolled in the study (86% in the ICU and among 

attendings, 0% for environmental cleaning). 
Ø 100% compliance with wearing the beacons for the duration of the study.
Ø 98% accuracy in potential indirect transmission by correctly identifying used computer

Conclusion
We have developed and tested a reliable and accurate, low-cost and easily deployable 
system based on BLE technology to improve contact tracing among healthcare workers.
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Fig.8: Panel A: Susceptible, Exposed, Infected, Recovered (SEIR) model in a hospital setting1
Panels B & C: Initiation of epidemic spread under baseline conditions (B) and BLE contact tracing (C)

Assumptions:
- constant daily SMALL exogenous input
- <1 day lag time for contact tracing
- Immediate isolation for symptomatic people
Goal: I <<< N and also Q <<<N

Susceptible, Exposed, Infected and Recovered (SEIR) model 

- average 20 contacts per 14 days –
- 5 distinct contacts per day
- role dependent
R0=2.5

Background
- COVID-19 rapidly evolved into a global pandemic 
- Role of contact tracing with isolation and quarantine in epidemic control 
- Need for automated contact tracing
- Close contact: 6 ft for a cumulative total of at least 15 min over 24hrs

We set out to assess the usability and performance characteristics of Bluetooth Low-Energy (BLE) 
wireless technology for indoor localization focusing on clinician-clinician direct/ indirect contacts

Advantages: small size, easy configuration, energy efficiency, privacy

Fig. 1: System configuration. Healthcare workers (HCW) wear small signal - emitting devices called beacons. 
The signals are captured by embedded computers (anchors) placed at designated locations, characterized by 
received signal strength indication (RSSI), time stamped and transmitted via wifi to the edge server

Methods
Ø Phase 1: pre-clinical to test the optimal system configuration
Ø Phase 2: clinical to deploy and assess the accuracy of the BLE contact tracing on clinical 

COVID-19 wards. Consented HCW wore beacons for 6 months.
Recruitment: emails sent to all healthcare workers assigned to the 2 clinical study units

Experiments:
1) close contact per the CDC definition in the open 
space rooms (e.g. break rooms)
1) Semantic location in the structural rooms (nurses 

station) – graph-based fingerprinting
2) Dynamic clustering localization in the hallways
using stationary and mobile computer anchors

Fig. 2: Floorplan 
of the Intensive 
Care Unit part of 
the study 
showing the 
types of rooms 
and anchor 
placement. 

Fig. 3: Graph Signal in the Structural Room.
Each node is one anchor and the color represents the RSSI value at that anchor.

Fig. 4: General pipeline of the contact tracing system 

Fig. 4: Room level localization characteristics

Fig. 5: Break room level localization performance characteristics

Fig. 7: Nurses’ station localization performance characteristics

Fig. 6: Hallway localization performance characteristics (including auxiliary methods)

Reffective decreased by 56% with  BLE contact tracing
Overall false positive rate 86 HCW/day/10.000HCW


