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ABSTRACT

This paper describes a proof-of-concept implementation that uses a high dynamic range CMOS video camera to
integrate daylight harvesting and occupancy sensing functionalities. It has been demonstrated that the proposed concept
not only circumvents several drawbacks of conventional lighting control sensors, but also offers functionalities that are
not currently achievable by these sensors. The prototype involves three algorithms, daylight estimation, occupancy
detection and lighting control. The calibrated system directly estimates luminance from digital images of the occupied
room for use in the daylight estimation algorithm. A novel occupancy detection algorithm involving color processing in
YCC space has been developed. Our lighting control algorithm is based on the least squares technique. Results of a
daylong pilot test show that the system i) can meet different target light-level requirements for different task areas within
the field-of-view of the sensor, ii) is unaffected by direct sunlight or a direct view of a light source, iii) detects very small
movements within the room, and iv) allows real-time energy monitoring and performance analysis. A discussion of the
drawbacks of the current prototype is included along with the technological challenges that will be addressed in the next
phase of our research.
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1. INTRODUCTION

California, the world’s fifth largest economy, uses 265,000 GWh of energy each year, with peak demand growing
annually at about 2.4%." Total commercial electric consumption amounts to 67,707 GWh annually.” Nationally, the
building sector’s energy consumption is expected to increase by 35% between now and 2025, while commercial energy
demand grows at an average annual projected rate of 4.7x10"* Wh.? In fact, commercial buildings consume 18% of the
nation’s annual energy use, and 35% of the nation’s total electricity.*

Previous research has shown that lighting comprises 20% - 40% of total electric power consumed in commercial
buildings.” Using California as an example, interior lighting is the highest primary electric end use (29%) as well as the
highest overall annual end-use electric intensity (3.92 kWh/ft’).? Lighting in the commercial office spaces alone
consumes 4,997 GWh annually and accounts for 33% (5300 MW) of commercial peak demand.® A review of building
load databases has indicated that on an average, peak demand charges account for roughly 40% of total electricity
expenditures and a 1% reduction in peak demand reduces annual electricity expenditures by 0.4%."

An effective way to address this energy problem is to deploy automatic lighting control systems. Automatic lighting
controls are capable of reducing energy consumption by up to 50% in existing buildings (in the case of an electronically
ballasted lighting control system in an office building in San Francisco)’ and by 35% in new constructions.® However,
conventional lighting control technologies, partly due to their various technological drawbacks, have traditionally faced
market barriers, leading to lower market penetration than some other building technologies.

We believe any future market transformation in lighting control will be propelled by novel lighting control technologies
that will overcome the drawbacks of conventional systems and demonstrate superior performance than what is currently
feasible. This is the motivation behind this ongoing research.
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