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The Nomadic Laboratory

Lab Field

Fig. 1. Experimental set-up.
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Cloud

Occupant subjective feedback on Indoor Environmental
Quality is collected using standardized and customizable
survey instruments managed from a remote surver.
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Occupant Subjective Feedback
Paired with Physical Measurements

Environmental Quality

How satished are you with your level of thermal
comfort right now?

O—

How satisfied ace you with the amount of sun-
Sght in your workspace right now?

@

How satisfhied ace you with the level of air
quality right now?

Temperature

The device software is designed
to interface with the THERMODO
temperature / relative humidity
sensor, enabling personalized
thermal conditions to be
collected in real time.

Light

The prototype explores the
re-purposing of the built-in light
sensors to monitor transient
changes in interior lighting
conditions.

Air Quality

Bluetooth Low Energy (BLE) tech-
nology is utilized to network with
remote physical sensors such as
CO2 to expand the sensing capa-
bilities of the diagnostic tool.



Optimizing the Daylight Ecosystem in Buildings:
A workshop on Circadian Lighting, April 21-22, 2015
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Health Impacts

[ O1 2F GadzFFTFAOA!
of the retina tobright light
can disrupt thecircadian
system

Disruption has been
associated with a host of
maladiesncluding: sleep
disorders, fatigue,
performance problems,
hormone and metabolic
disorders




Emerging Opportunities
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Daylighting Design Performance Criteria
for Alzheimer Care Facllities

Towards Evidence-based Practices for Improved Health
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History of Lighting Research
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Well Building Standard

Well . ..

A Critique

Not strictly a

No references/citations to
underlying science (why?)

nda

Only requires 75% of occupied area

to comply

4-hour/day metric discounts need to

assess bright light stimulus for AM

circadian resetting (6:00 7 10:00AM)

Many latitudes / climates would
never comply (if daylight)

Problematic when view direction is

flexible or unknown

CIRCADIAN LIGHTING DESIGN

Light is one of the main drivers of the circadian system, which starts in Cardiowasaular

the brain and regulatss physiclogical rhythms throughout the body's Digestive

tissues and organs, affecting hormone levels and the sleep-waks cycle 3":?

Circadian rhythms are kept in sync by various cues, including light st

which the body responds to in a way facilitated by intrinsically Norous

photosensitive retinal ganglion cells (ipR he eyss’ non-image-

forming photoreceptors. Through ipRGCs, f high frequency and

intensity promote alertnass, while the lack of this stimulus signals the

body to reduce energy expenditura and prapare for rest.

This feature promotes lighting environments for circadian health. The

biological effectz of light on humans can be measured in Equivalent

Melanopic Lux (EML), a proposed alternate metric that ic weighted to

the ipRGCs instead of to the cones, which iz the case with traditional

lux. Tables L1 and L2 in Appendix C show how to calculate the EML of .

individual lamps and larger spaces. ’;’; ;::::: \'_::l’::
Shes Interoms Buildings

PART 1: MELANOPIC LIGHT INTENSITY FOR WORK AREAS

At least one of the following requirements is met:

a Light models or light calculations (which may incorporate daylight) show that at least 250
equivalent melanopic lux is present at 75% or more of workstations, measured on the vertical plane
facing forward, 1.2 m [4 ft] above finished floor {to simulate the view of the occupant). This light
level is present for at least 4 hours per day for every day of the year.

b. For all workstat (which may include task lighting) provide maintained illuminance
on the vertical pl it melanopic lux, greater than or equal to the lux
recommendations in the Vertical (Ev) Targets for the 25-65 category in Table B1 of IES-ANSI RP-1-
12. For example, Reception Desks are provided with 150 equivalent melanopic lux from the electric
lights.




Body Clock Must Be Synchronized
With Environment

Average period is ~24.2h
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Entrainment to 24h period requires

daily resetting

Light is the most powerful time cue
for resetting
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Adjusting the circadian
pacemaker is like
pushing a child on a
agAy3aX
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Increasing delay
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Increasing delay

Delay wakeup / sleep onset
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Exposure in AM . ..

Increasing advance

Increasing delay
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46 M Andersen et al.

Circadian system Light exposure Light exposure Light exposure
highly sensitive advances can increase delays circadian
to light circadian clock alertness clock
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Figure 8 The day is divided irNo three episodgs according to the type of non-visual effect that applies to each one

NOTE: Circadian resetting period is critical
That period is 6:00 to 10:00 AM

Perhaps exclude the 6:@07:00 AM hour
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48 M Andersen et al.
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Figure 7 Visualisation of ‘circadian potential’ cumulative occurrence as a sombrero plot, which expresses the
cumulative occurrence of non-visual effects within each time period at a given location and for four viewing directions



Intensity

Table: Circadian stimulus effect from various common light sources (lux)
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A Circadian system takes longer to respond than visual system

A According to Rea et al. model.

A Lucas has another model

A Models are becoming more complex as knowledge grows



