
Occupancy Sensing Technologies:
Historical perspective, current state,

and value proposition

Hayden Reeve
United Technologies Research Center



PerformancePERFORMANCEMoving the world’s population every 4 days
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PerformancePERFORMANCEProviding critical humidity control solutions
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PerformancePERFORMANCEIntegrating systems in 80% of aircraft
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INTELLIGENT At United Technologies, we design, develop and manufacture 
many intelligent products. Each of our solutions brings to market 
innovations that enhance value, efficiency, comfort, mobility, 
safety, access and environments in nearly all types of buildings 
and applications, all over the world.

BUILDING
TECHNOLOGIES 

ACCESS/SECURITY
Badge in, cameras, integration perimeter, 

doors, floors, occupancy

ELEVATORS
Maintenance, performance 

Automation and Monitoring
Building automation and control

Facility monitoring

ENERGY
Smart meters demand response

FIRE
Functionality checks, detector service

LIGHTING
Occupancy sensing

HVAC
Fans, variable air, volume, air quality

WATER
Smart meters, use/flow sensing
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Shanghai

Cork

Tsinghua – Occupancy 
comfort and estimation

UTRC Test Bed CCS Europe CCS Asia

Berkeley East Hartford

UTRC Technology Demonstration Experience

6This page does not contain any export controlled technical data.

Rome



Sensing for 
Ventilation Control
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1916 Mechanical Engineers Handbook:
CO2 not to exceed 800-1,000 parts per million

1929 NYC Building Code:
Specifies ventilation systems capable of achieving 
1,000 ppm CO2

History: CO2 Ventilation Control

This page does not contain any export controlled technical data.

Credit: Mike Schell, AirTest
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CO2 Sensor Development

Circa 1890 - 1935 Circa 1992

TR9299-WiFi CO2 & Temp

Circa 2014

Telaire 1050
1st CO2 Sensor for Demand
Controlled Ventilation

This page does not contain any export controlled technical data.

Credit: Mike Schell, AirTest
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Sistine Chapel, Vatican 
City, Rome

Airflow and system analysis 
ensures flawless ‘day one’ 

operation

Crowd monitoring ensures peak loads 
are meet with no CO2 excursions

Preserving cultural icons through feed-
forward control

This page does not contain any export controlled technical data.

Video Detection Case Study

http://global.ctbuh.org/paper/2404
https://youtu.be/wfFppqDDeRU
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http://global.ctbuh.org/paper/2404
https://youtu.be/wfFppqDDeRU
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Occupant Presence Detection

- False Detection in RGB
- 80x80 images down-sampled from 

Axis IP camera images

Side by side comparison videoSofradir EC 
80x80 aSi Array

• Temperature and CO2 are lagging 
indicators of occupancy and 
resulting HVAC load and are prone 
to drift

• Traditional single point IR sensors 
have high missed detect rates.  
Video has high false alarm rates.

• IR FPA sensors offer potential for 
cheap and accurate presence 
detection, people counting, and 
ancillary load detection.

Current limitations and emerging trends:

This page does not contain any export controlled technical data.



Occupant-Centered Comfort Control

 UTRC/Tsinghua1,2: Satisfaction-based control can save up to 15% 
energy than setpoint control under similar outdoor temperature 
condition.  Develops custom comfort regions for groups of occupants 
based on user input.
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Supported Tsinghua investigation of group comfort dynamics and benefits:
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1. Experimental assessment of a satisfaction based thermal comfort control for a group of occupants, Zhao et al., 015 IEEE International Conference on Automation Science and Engineering (CASE), 
2. Preliminary study of learning individual thermal complaint behavior using one-class classifier for indoor environment control, Zhao et al, Building and Environment 72 (2014) 201-211

User input on comfort Dynamic group comfort map created HVAC controls to comfort map



Advanced Occupant-Based Control

 ETH Zurich1,2 found adjusting 
lighting and especially ventilation 
to instantaneous measurement 
saved significant energy. 
However, using on top of that 
occupancy predictions did not 
provide a significant energy 
savings potential.

 UTRC/Tsinghua University3: 
Evaluated impact of OBC on 
energy savings and comfort 
violations as a function of sensor 
accuracy.  Savings of 15-22%. 
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1. Sturzenegger, D. et. al “Importance of long-term occupancy information - a validation with real occupancy data.” Pro. of the 11th REHVA World Congress Clima 2013, Prague, Czech Republic, June 16-19, 2013
2. Frauke Oldewurtel , David Sturzenegger, Manfred Morari, “Importance of occupancy information for building climate control”, Applied Energy 101 (2013) 521–532
3. Professor (Samuel) Qing-Shan Jia, Tsinghua University, Unpublished work, 2015.

Benefits evaluated as a function of prediction horizon and sensor accuracy

This page does not contain any export controlled technical data.



Deployment Challenges

Existing sensor and data sources
 Badge access readers
 Outlook calendars
 Wi-fi localization of mobile devices
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 Affordability: First cost dominated by installation and integration (data 
mapping) efforts.  (i.e. packaging and installation usually account for >95% 
of node costs)

 Scalability: Must meet the requirements of heterogeneous building types, 
uses, and ages.  (e.g. energy harvesting approaches would have to 
account for 6σ use-cases)

 Deployability: Seek plug and play solutions to address variable skill-sets in 
the field.  (e.g. no onsite calibration or fingerprinting of building).

 Maintainability: Goal >10 year maintenance-free life.  (e.g. no lifetime 
battery replacements).

 Acceptability: Complexity or poor performance will result in system being 
abandoned by building operator.  (e.g. missed detect rates resulting in 
discomfort can result in call-backs or the system being turned off).



Beyond Energy: 
Occupant Experience



Adv. Occupant Based Operation
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Advanced sensing and interaction enables range of value propositions:

Energy 
Efficiency

Safety / 
Security

Health

Occupant 
Tracking

Space 
Utilization

Occupant 
Productivity

This page does not contain any export controlled technical data.

Customer 
Pain-Points



Vertical Transport Solutions
WESTIN PAZHOU, GUANGZHOU, CHINA

40
UP TO

%
REDUCTION OF 

MAX WAIT TIMES
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1. #CogFX: http://thecogfxstudy.naturalleader.com/



Future of Intelligent Buildings

SUPERIOR CUSTOMER EXPERIENCE

SCALABLE SOLUTION

SEEMLESS INTEGRATION

PERSISTENT OPTIMALITY

INTELLIGENT BUILDING THEMES
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We invent new and better ways to 
keep people safe, comfortable, 
productive and on the move

A global leader in building 
systems and aerospace industries

MOVING THE WORLD FORWARD
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