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MEASURING human 
close-range proximity







?





www.pcmag.com/news/why-axis-are-flagship-phones-more-expensive-than-ever

+ walled app ecosystem

the issue with phones

(e.g., the digital contact tracing experience)



WEARABLE SENSORS



CPU + radio antenna

flash storage

accelerometer







‣ centralized operation 
‣ instrumented environment



www.vimeo.com/6590604

time-resolved proximity network

ACM Hypertext 2009
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‣ stationary sensors 



hands on!
DEPLOY proximity sensors
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‣ decentralized operation 
‣ onboard proximity log



with KEMRI Wellcome Trust
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‣ decryption, decompression 
‣ temporal alignment, clock drift compensation 
‣ accelerometer-based data cleaning 
‣ application of contact definition 
‣ metadata fusion

post-processing
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Ultra-Wideband (UWB) proximity sensors



1 day in a hospital ward (doctors, caregivers, admins)



• MIT Reality Mining Project (sociometric badges)

• Bluetooth, Wi-Fi (O’ Neill et al. 2006, Scherrer et al. 2008, 

Eagle and Pentland 2009)

• MOSAR EU project (nosocomial infections)

• P. Polgreen’s group

• M. Salathé group (Salathé et al. 2010)

• SMART study in schools (U. of Pittsburgh & CDC)

• S. Lehmann’s group at DTU (smartphones)

• N. Osgood’s group (U. Saskatoon)

• A. Segre’s group at U Iowa (UWB sensors)

• …

a large body of related work

OUR GOAL: high-coverage, time-resolved 
       proximity networks across 
       a variety of real-world settings



SocioPatterns.org

15 years, 45+ deployments, 14 countries, 50,000+ subjects, 
>2,000 papers using our datasets  

www.sociopatterns.org/publications

time-resolved proximity networks across

a variety of real-world settings
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open data

www.sociopatterns.org/datasets

•primary school aggregated contact network

J. Stehlé et al., PLoS ONE 6(8), e23176 (2011)

•ACM HT2009 conference temporal network

L. Isella et al., J. of Theoretical Biology 271, 166 (2011)

• INFECTIOUS exhibition temporal network

L. Isella et al., J. of Theoretical Biology 271, 166 (2011)

•hospital ward temporal network

P. Vanhems et al., PLoS ONE 8(9), e73970 (2013)

•high school temporal network

J. Fournet et al., PLoS ONE 9(9), e107878 (2014)

•high school proximity & friendship network

R. Mastrandrea et al., PLoS ONE 10(9), e0136497 (2015) 
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Lyon, France

primary school

231 students

10 teachers

J. Stehlé et al.,
PLoS ONE 6(8), e23176 (2011)

a school
as data



doctors

nurses

auxiliaries

children

parents

A

N D
C

P

PLoS ONE 6(2), e17144 (2011)





Social contacts in households 
and schools, transmission of 
respiratory diseases in two 
sites of coastal region

Kenya

•  Moses Kiti

•  James Nokes

•  Alessia Melegaro

•  Laura Ozella

•  Michele Tizzoni



meeting with parents in Matsangoni

meeting with teachers

meeting with parents in Kilimo

the team

community engagement

Dr. Moses Kiti



M. Kiti et al., EPJ Data Science 5:21 (2016)



Kilifi township Matsangoni

Demographics Pop size = 50,775 (Jan 
2017); Avg age = 23.4 y

Pop size = 15,372 (Oct 
2016); Avg age = 21.8 y

Social 
structure

Nuclear families esp in 
town area (1 generation 
households). Living in 
personal/ rented houses

Extended families (>1 
generation). Living in 
homesteads. Stronger 
family ties

Economy Small scale businesses, 
Formal employment

Farming, Fishing

urban vs rural settings in Kenya

• contact networks in 2 schools

• contacts in households linked 
 to schools by index students

• ~1,000 tracked individuals

Kilifi

Matsangoni2

1

1   - Rural   
2   - Urban 
+  - Hospital 
      - School   
      - Households

N

Study area loca-ons

M. Kiti et al., EPJ Data Science 5:21 (2016)
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M. Kiti et al., EPJ Data Science 5:21 (2016)

households in rural Kenya



750 students in 
school register

346 students (46%); 

7 teachers

323 tags issued

321 tags collected
10 corrupt data 
6 damaged 
9 lost

9 index (73 res)

293 tags issued

4 lost

288 tags collected

586 tags with data

1 withdrawal 
1 lost

*25 absent;  
*15 transfers; 
3 refusals; 
4 other

296

sensor deployment logistics



Household social contacts and 
transmission of influenza, RSV 
(Respiratory Syncytial Virus), and 
pneumococcus in rural and peri-
urban villages. Pivot to COVID-19.

South Africa

•  Jackie Kleynhans

•  Cheryl Cohen

•  Stefano Tempia

•  Mvuyo Makhasi

•  Laura Ozella

•  Laetitia Gauvin

•  Michele Tizzoni

•  J. P. Rodriguez

•  L. Dall’Amico



•  contact patterns between 
 household members, 
 two different communities


•  main study: 

- 56 households Agincourt 

(rural settings)

- 61 households in Klerksdorp 

(semi-urban settings)


•  ~600 participants 
 in ~120 households 

households in rural South Africa



households in rural South Africa

wave 1 wave 2 wave 3 wave 1 wave 2 wave 3

time time

 ~600 participants in ~120 households



J. Kleynhans et al., eLife 12, e84753 (2023)





‣ logistics: sensor distribution / retrieval, dealing with 
lost / damaged / replaced sensors

‣ engagement of participants, recording consent, 
compliance with wearing protocol

‣ metadata collection and linking

‣ data quality & data cleaning

‣ hardware is a moving target, software forced to track 
hardware evolution, development never ends

‣ data protection and ethics

‣ insufficient academic recognition of data collection 
work for young researchers

data collection challenges



WHAT ABOUT PHIRST?

Compliance decreased in within and across the three deployments 

But what happened here??
L. Dall’Amico et al., ”A comparative study of compliance in large-scale sociometric studies in 
sub-Saharan countries” (2023), in preparation

T ~ 20 days

WHAT ABOUT FATIGUE?

We talk about fatigue when compliance is a decreasing function of timecompliance & fatigue
CDS

~300 households
2 weeksM
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‣ logistics: sensor distribution / retrieval, dealing with 
lost / damaged / replaced sensors

‣ engagement of participants, recording consent, 
compliance with wearing protocol

‣ metadata collection and linking

‣ data quality & data cleaning

‣ hardware is a moving target, software forced to track 
hardware evolution, development never ends

‣ data protection and ethics

‣ insufficient academic recognition of data collection 
work for young researchers

data collection challenges



comparison with other data sources ?



proximity sensors vs contact diaries

 Probability that a sensed contact was reported in diary:

•  72% for <5 min contact duration

•   86% for 5-15 min

•   89% for 15-60 min

•   94% for >60 min



hands on!
! gephi.org/gephi-lite

VISUALIZE a contact network from sensors

⬇ tinyurl.com/sp-school-day01
⬇ tinyurl.com/sp-school-day02


