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Previous measurement required
physical counting or installation
of additional hardware.



Previous measurement required
physical counting or installation
of additional hardware.

Previous visualization attempts
were limited in space and time.



OCUPADO

OCUPADO

Campus Q. search buildings ampus Q  ices
sandbox P 9 campus explover Camp! -
[ pispLAY © REGION < SPACETYPE £ TIME SPAN ] DISCRETE TIME SESSIONS A} ACTIVITY PATTERNS [] DISPLAY © REGION () SPACE TYPE £ TIME SPAN ] DISCRETE TIME SESSIONS S ACTIVITY PATTERNS
778 results (15 selected) Spatial aggregation: Zone v Sort by: Live activity v/ Data gaps Scaler Independent v Group buildings Last 24h 778 results (12 selected) Spatial aggregation: Zone v/ Sort by: Live activity v Scale: Independent Average by: Day v Last 24h
Live activity Avg. activity Max. activity " Live activit Avg. activit Max. activit
Sparklines ! S ! Sessions Averaged
o 107 0 66 o 749 o 35 0 66 ] 748 g
- [] I S E——
'—\—‘ May June July August ‘September October November December 2019 H ——— ] 03:00 09:00 15:00 21:00 03:00 09:00 15:00 21:00 03:00 09:00 15:00 21:00 03:00 09:00 15:00 21:00
= o™ AMMMLM_ 107 NEST - g2500-2540 NEST - 4310 NEST - 1510 NEST - 1600
= o A MMM
L owe 817
E P - st . x I i L WAL
pMP
Bl AMaanla_nan 54y
DMP 267 | |
T I | |
= owp | |
| et WUWWUHM 292 __.____.m—_
KOER =
B . NEST-LL600 NEST - 1601 NEST - 4302 NEST - 4600
s < VTSN W TT m Anmin M 12y
Iccs/x
Xxa10 ny
EOSM
— 329
6
Do M=
62
Lo vl
EOSM
208
5
KOER
g440-443 P NEST - g3500-3570 FSC - 2042 FSC - 1310 KOER - g480-484
FsC -
171
[P SIVSVRSI VRS VA WPV S Mirarnn s anntin- YRRy
iccs/x '
x221 4N
ALRD
307 32jRe4 4y
Ices/x L
x227
June July August September October November December 2019 1 o
X OCUPADO UBC-V /| Forest Sciences Live +
Floor 3 - 310 (Classroom) custodial services
Floor 4 Floor 3 '
wrend typical day
C ' ©) REGION
Activity over time 54 active now | more quiet than usual Foor 4 7 E ED“ ] E]
normalsctty ! 3
[ sre wy August soptomar oconer November December 219 ]
350
300
250
200
150 Floor 3 busir than sual . A: NEST, 1510
100 600
50 -
o
May June July August September October November December 2019
Floor 2
Statistics
Floor 2 busior than ususl
« Average activity between 7 AM - 10 PM: 48 ™ 258
3 ) e Max activity (=393) on Wed, May 30 at ~12 PM 400
D
I - _~__,\_/“N
o 06:00 1200 1411 18:
1 Average day
L Floor 1
300 0590 0500 1500 2100 0390 0900 1500 2100 .
301 u "
Weekday Weekend day - \
R i Fl 1
06 00 0 .. oor-
m 200
L Basement
100
w0
o
20
. -
o
Activity over time 134 active now | busier than usual OC U”PADO
Juiy g B ocower 2019 Selection type: | zones

Mon, Sep 10, 07:

Statistics

||u

1303 1304

« Average activity between 7 AM - 10 PM: 33
 Max activity (=348) on Fri, Mar 22 at ~02 PM

Floor 3

BT

i

bt bt

Al s

T T e

l

Hv williwill

A& ACTIVITY PATTERNS

Average day
03:00 03:00 1500 21:00 03:00 09:00 1500 21:00
Weekd: Weekend d:
. leekday eekend day -
Classroom
100
80 Floor 1
6
) \N /
o\ 40
> A 20
e
/’,
. ';
OCUPADO Q . OCUPADO Campus
campus explorer Campus 1 Search buildings campus explorer
DISPLAY REGION SPACE TYPE TIME SPAN {C] DISCRETE TIME SESSIONS
[ DISPLAY © REGION & SPACE TYPE 1 TIME SPAN (] DISCRETE TIME SESSIONS A2 ACTIVITY PATTERNS = © < B o
778 results (21 selected) Spatial aggregation: Zone v/ Sort by: Live activity v Datagaps || Divider  Scale: Independent Last 24h
778 results (all selected) ~ Spatial aggregation: Zone v Sort by: Avg. activity / Last 2ah
Live activty Avg. activity Max. activity . . "
Live activity Avg. activity = - =illiG = Sessions Juxtapose:
Zones per Floor Heatmap/Plans
o 1’ o o6
I vay e sy August Soptomber
-
B 1 2 3 a 5 6 7 Pharmaceutical Sciences - 527 - Level 2 o
m — — [
B = 20 2304 2308 2307 23| 23 NEST
e HI W | b B =1
w20
e B ] ] = § Eow
310
t e N w i E e Aladiai .
= nest
| | ALRD | ~ 1600
L W E I B B 53 > i
T owe
B 2108 = m
Fee @ I W ] , .
£ W ] [ 5 o o
L1204
ices/x
B NEST
BUCHABC ] 92500
= | ST
GEOG Room 1101A | Avg. activity: 30
= GEOG
PHRM
= s NEST

October

November

December 2019

Q) search buildings

February

s L i i [P

200 III'...II-II.-‘
(S B —— 1

Floor 3

Oe=

Floor 2

73

Floor 1

Floor -1

OCUPADO

building recent

trend

typical day

Floor 5 normal activity

Floor 4 busier than usual

-

1800

Floor 3 busier than usual

400

OCUPADO

custodial services

B: NEST, 1510
08/31/2018 - 09/30/2018
days

00:00 - 24:00

UBC-v

|/ Hugh Dempster Pavilion - 163

£ vp

Floor 3
trend  typical day
Floor 3 busier than usual
-
100
. I II
[ | l-----
000 0 1200 1800
Floor 2 busier than usual
100 >
s
0 { 'T1 )
000 600 1200 1800
Floor 1 busier than usual Floor 1
100
-
i IIII ‘
R hn.__
000 ) 1200 1800
Date range Days
9 02/13/2018 - 01/22/2019 <> ALLDAYS

!

Time range

@© 00:00 -24:00

August September
Typical daily activity
F3 - g3601-3645 250 F1-1005
. h
v |10 150
100 100
A 50 -
Average activity: 15.09
09:40
o F1-1221 20 F1-1501
200 200
150 150
100 100
50 50
Campus / Building X

Floor 5

—

=
= |-
CEEEEE
HIHE I
EEHEEIEE

Floor 3

OCUPADO

campus explorer
Floor 2
r—’; [ DISPLAY © REGION () SPACE TYPE 1 TIME SPAN Tk
S 3
/<—RM—“; 22 results (all selected)  Spatial aggregation: Zone v Sort by: Live activity v/ Data gaps Divider
Live activity Avg. activity .
/ Sessions Juxtaposed
/ o n' o n
/ -
June July !
[ ot'mo
[ BEE iccs/x
€€ LEveL 2 ABOVE |
FOR LECTURE THEATRE 2 X410
(ROOM 310) =
ICCs/X
X510
ICCS/X
X508
ICCS/X
X560
—
ICCS/X
X210
ICCS/X
X415
ICCS/X
X521
ICCS/X
X432
IcCs/X:
X468
IcCs/X
X568
iccs
108
Distribution Trends
+ 300 30
200 20
100 10
0 0
C: DMP, 310 D:DMP, 110 May June July August September
Typical activity on weekdays Typical activity on weekends
150 150
100 100
50 50
0 0
00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00
A
Typical weekly activity
150
100
50
0
Mon Tue Wed Thu Fri Sat
campus explorer Campus
(v —— Sort: (unron JaipRaseicaE Rty [Z] DISPLAY © REGION & SPACE TYPE [ TIME SPAN (] DISCRETE TIME SESSIONS A A
778 results (14 selected) Spatial aggregation: Zone v/ Sort by: Live activity Scale: Independent Last 24h
—— average [ middle 50% of distribution min/max
Live actvity ) .
250 F1-1406 = - Sessions Superimposed
El ®o0 s 090 1200 150 1800 2100 00 0800 o900 20 1500 1800
= 250 NEST-1510 “% Nest - at01
o 200 .
| 150
150 o
- = oMP - 110 1o NEST - L1208
50 | |
250 F1-g1933-1936 o
NEST - 2601 150 NEST - 1601
20
150
Mean 4 OCUPADO
2am 6am 108m 2pm campus explorer
Floor 4 [] DISPLAY © REGION ¢ SPACE TYPE 5 TIME SPAN
- 778 results (all selected) Spatial aggregation: Zone v/ Sort by: Live activity v Last 24h
Live activity Avg. activity - .
3 Building Locations Geo Map
. a | . s =00 =
S 3 Buchana
+| - 2 Building Blo
Koerner A
— |~ Graduate (c]
] nt Contre Morris and Helen o
Belkin Art Gallery Buildin
Sing Tao Building
. ro
Music Building
%
Floor 2 24

0ld Auditorium

. . [}
o University Transition
f Program

Math Building

West Mall Annex

[

GeogPaphy
> Building
Spirit House

| | - 4%



WiFi Connections: Location-Based Counts
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WiFi Connections: Location-Based Counts
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WiFi Connections: Location-Based Counts
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WiFi Connections: Location-Based Counts

devices
20 A
15
| _ 10
N\ giesmo-fiitHi—
=
time



WiFi Connections: Location-Based Counts
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Location-Based Counts

» Regular intervals (e.g., every 5 minutes)
» Spatial hierarchy (Zone — Floor = Building & Campus)
» No trajectories or device identifiers are recorded

» Intrinsic privacy advantages



Data Automated

HVAC control
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WiFi connections as a proxy for occupancy



WiFi connections as a proxy for occupancy



Interviews with potential stakeholders



Focus Domains

» Space planning

4

Building management
Custodial services
Classroom management

Data quality control



Focus Domains

» Space planning

4

Building management
Custodial services
Classroom management

Data quality control

Semi-structured discussions
and live demos



Tasks

\/ Confirm assumptions or previous observations.
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Tasks

\/ Confirm assumptions or previous observations.

\/ Monitor the current/recent utilization rate.

\/ Communicate space usage and justify decisions.

\/ Validate the data (quality control).



Spatial and Temporal Data Granularities



Spatial and Temporal Data Granularities

Building

Regions of interest




Spatial and Temporal Data Granularities

Building

Zone

Regions of interest
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Spatial and Temporal Data Granularities

Zone

Building

Regions of interest

Mondays
Weekdays

Periods of interest

Summer term
Fr 8-10am Weekends

— Individual measures vs. temporal rollup



Visualization Prototypes

Building Recent

Sandbox Campus Explorer
Data sketches, Live-data stream, Building Long-term
static data export cross-building analysis

Region Compare
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Device count over time
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» Region Subset Views
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Usage

» Deployed Ocupado tools for the UBC Vancouver campus and
Cisco’s Innovation Centre in Toronto.

» Industry collaborator adopted Ocupado as a front-end for
their WiFi data collection platform.
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Figure 1: Building Recent Interface, overview window. (a) Floor plans sized to all fit within one screen with zone-level superimposed circle
symbols showing live device counts. (b) Per-floor aggregate trend charts showing device counts over past 12 hours and prediction for the
next 3 hours (red dashed line). (c) Alternative sidebar showing aggregate per-floor usage for typical day vs. current live data.

Abstract

Understanding how spaces in buildings are being used is vital for optimizing space utilization, for improving resource allo-

cation, and for the design of new facilities. We present a multi-year design study that resulted in Ocupado, a set of visual
decision-support tools centered around occupancy data for stake holders in facilities management and planning. Ocupado uses

WiFi devices as a proxy for human presence, capturing location-based cowunts that preserve privacy without trajectories. We
contribute data and task abstractions for studying space utilization for combinations of data granularities in both space and

time. In addition, we contribute generalizable design choices for visualizing location-based counts relating to indoor envi-

ronments. We provide evidence of Ocupado’s unlity through multiple analysis scenarios with real-world data refined through
extensive stakeholder feedback, and discussion of its take-up by our industry partner.

1. Introduction

Efficient space utilization 1s a challenge for many organizations.
Monttoring and analyzing building occupancy over ume can lead
to valuable insights and data-informed decisions [VvdSK*15;
VAI 171 New methods are emeromne for imnlict and exnheit oc-

data sources to be leveraged in many new decision-making con-
texts, but current visual data analysis tools do not suffice to support
decision-making about mdoor space usage over ume.

Previous attempts to visualize occupancy. and other indoor sen-

eyr data are hmited to very small reoions siuch as <inele roomes

Analysis and abstraction of data
and tasks for studying space
utilization.

Ocupado, a set of visual decision
support tools.

Generalizable design choices for
visualizing non-trajectory
spatiotemporal data relating to
large-scale indoor environments.
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