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Problem: We want to design energy-efficient and 
productive workplaces

Learning the socio-organizational occupant 
network from time-series sensor data:
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Question: 
How can we understand key 
relationships within 
organizational structure?

Insight:
Utilize distributed IoT sensors 
that produce time-series data 
tied to occupant activities 
and patterns.

Case Study: Berkeley office
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• 18 workstations
• Zooz Z-wave sensors
• 8 months of 15-minute 

energy data per 
workstation
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Conclusions:

Ground Truth: Survey questions from social science
To validate and benchmark the goal—the inferred network—against the actual 
structure of the organization, we conducted a survey asking occupants about both 
social and organizational ties [1]. 
Response rate = 72%

We outfitted a real office 
building in Berkeley, CA 
with smart plug sensors 
from August 2018 to May 
2019. The office has two 
floors and each occupant 
has his or her own 
individual workstation.
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Methodology Details: Combining data and knowledge
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Graphical lasso
Estimate inverse covariance 

matrix [4]

Influence model
Fit influence weights in 

coupled HMM [5]

Opportunity overlap
Tie strength is sum of 

overlaps in low energy states

Variational Bayesian 
Gaussian Mixture Model [3]

Analysis of overlapping
occupancy states

Energy (Wh)

Fr
eq

ue
nc

y

!"#$ !%&'% !( !)

Energy (Wh)

Fr
eq

ue
nc

y

9

7am 9pm9am 11am 1pm 3pm 5pm 7pm

Occupants

Low 
energy

Medium 
energy

High 
energy

Node data Precision matrix

z

Overlap=2

References:

The networks obtained 
through surveys enable us to 
check the inferred ties against 
the ground truth. Here, we 
show that for occupant 7, 
each of the three inferred ties 
matches with a reported tie.

Best performing network: 
Opportunity overlap Icon Attributions: Ralph Schmitzer, Gan Khoon Lay, 

ProSymbols, Rflor, Dimitry Sunseifer — The Noun Project

Common network inference algorithms from the literature—the graphical lasso 
and the influence model—are unable to capture socio-organizational structure

Leveraging domain knowledge about the meaning of occupant activity states
enables us to better uncover the opportunity for social interaction in a 
building—and therefore, socio-organizational structure

Knowing this structure will enable the preservation of key relationships 
when designing new layouts that optimize for both energy efficiency 
and organizational objectives (e.g., productivity, collaboration)


