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The structure is a design in light.

- Louis Kahn

Swedish Hospital
NBBJ
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Bef ore we Dbegl ne

4 N

During the Class
Attendees will be muted
Please use the chat feature in the

control panel to submit questions to
LDL staff

The presenter will pause to address
guestions every ~10 minutes

k Please participate in the online pollsj

-

~

Following the Class

Please take the short survey

A recording and the slide deck will be
posted on LDLOs we

Reach out to
LightingDesignLab@seattle.gov with

comments or questions.

J
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Who We Work With

End-Use
Customers

Trade
Allies

a villageé
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A

Shaun.Darragh@seattle.gov

More than 30 years in the lighting
industry as an architectural
lighting designer, instructor,
daylighting and sustainability
specialist, lighting control system
consultant, and theatrical
designer.

Has taught and consulted on
sustainability issues, lighting, and
daylighting for the Lighting Design
Lab and University of Washington
Architecture Department

Selected Projects

A King Abdullah University of Science and
Technology

A Masdar Headquarters
A Pearl River Tower

A Canyon Ranch Spa Club

A AmgenHelix Campus

A ReebokWorld Headquarters

A Reno Sparks Convention Center
A Pacific Place Retail Center

A Ala Moana Retail Center

A REI Denver Flagship Store

A Boeing Commercial Airplanes Offices
A Real Networks Headquarters

A TommyBahama Headquarters

A MicrosoftB16/17

San Francisco PUC Headquarters

Selected Awards

> > > > > > > > > > > > > > D>

AmgenHelix Campus
AmgenHelix Pedestrian Bridge
Canyon Ranch Spa Club
Harvard University 60 Oxford
King Street Station

Lighting DesignLab

Methodist Hospital Research Institute
MicrosoftB16/17

One Cambridge Center

Pacific Place Retail Center
ReebokWorld Headquarters
Reno Sparks Convention Center
Real Networks Headquarters
SFPUC Headquarters

Tommy Bahama Headquarters

AlA COTE Top 10

REI Flagship Store Denver

King Abdullah University of Science and
Technology

San Francisco PUC Headquarters
Manitoba Hydro Place



Brief Survey

A Please tell me a | i1ttle bit about your se
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Learning Objectives

A Understand common lighting control
strategies

A Review the fundamental concepts of
Networked Lighting Controls

A Review how lighting controls may relate
to current light and health research

A Review practical application
opportunities for a variety of healthcare
specific spaces.
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Healthcare Spaces

A Private Practice Offices ,,'|==
. . LT
A Small Clinics e
U!!. =
< . .. 1l
A Multi-Care Clinics 0 JuEEY
s fEEa
- ] .. — -1 HEN
A Specialty Clinics 18 SLUITYH =2
¥ ———2CAL conry TN [ [ ]
A HOSpItaIS ; h - }=! : e e
MNEMERGENCY EE B Vo CRTR B
A Hospital Systems _
i . Main Entrance> |8
A Research Institutions Slbhe S NSurgery Pavilion
P TN T, Parking B @
A Long Term Care
A Other?

UW Medical Center
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Common Areas

Offices
Conference rooms
Corridors

Check in / Out

Exam Rooms
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Procedure Rooms
Labs
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Polyclinic Madison
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More Specialized

> >y > > > > >

Patient Rooms
Patient Corridors
Imaging Centers
Infusion Therapy
LDRP

Pharmacy

surgery
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Trends

>
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Traditional Healthcare
Environment

More Holistic Approach
Hospitality Environments
Patient Centered
Wellness

Outcomes Based Care

Ri ver 6s Edge Ho
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Trends

PATIENT

High Value Healthcare

Data Patient Care

Outcomes data, utilization and Patients are healthier when pathologists
costs of care essential are part of the care team
Collaboration

Collaboration and Coordination of

communication between
members of the care team

Care

High value, accountable care
depends upon close
coordination of services

Patient Engagement

Empowering patients to be their own advocates
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Specific Concerns

>

W ellness

T\

Circadian Systems
Shift Workers
Infection Control
Others?

>\ >\ >\

Breast Cancer, by Industry

Other Industries, 17% Health Care and
Social Assistance,
Manufacturing, 43%
11%
Trade, 11% Accommaodation
and Food Services,
18%
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Controls Class

This cl ass |1 s s pecCclES

W e could be talking about
Healthcare Lighting all week and
still not cover | t_

Let 6s review brief
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LED T the defactol | g ht
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Solid state light source
Extremely flexible
Potentially long lamp life
Dynamic color opportunities
W hite light

Poor to excellent color
rendering

source du | our é.

Plastic Lens

Silicone
Encapsulent

—— ' . Semiconductor
Cathode Lead S Flip Chip
Solder Connection

Silicon Sub-mount Chip
Heatsink Slug with ESD Protection

Courtesy: Philips
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Architectural Impacts of LED

p>X

Smaller fixtures

>

Better efficacy

o

Possibly better color

T\

More flexibility in control

>

Longer lamp life

T

Reduced maintenance

>

Better optics

T

Back to dimming

p>X

Better integration

T

. . Nemour s Chil d
Potential confusion Perkins + Wil

o2

Tunable Color .
Elighting design lab




Networked Lighting Control System?
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Distributed Systems

Programmable Input Devices

Characteristics: (Suitches, Dimmers. Etc)
A May be stand alone or BHEHEHEHE
integrated. zZ1 72 75 74 73

Breaker Panel|

A Will be a scalable digital system

— — — —
yd
. .

A May incorporate scheduling 55~ 3778 2198 310 ZAI
capability |

A ' i - Master Software Control
A Willaccept input from devices aster Software Lontro

including occupancy sensors

21 22232425 2627 2879 210
and photo-controllers I I I I I |
) _ Data Bus LC1 LC"' e
A Inherently Flexible @g é.) é é})
Considerations: Ancillary Devices

(Occupancy Sensors, Photo Sensor, Etc.)

A Coordinate digital protocol -
LON, BacNet, etc
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Luminaire Level Lighting Controls

3)
A Wrap all of the sensors and \| i
. . K
most of the logic into the PN ©
I u m I n al re ItS e If Install nLight® AIR enabled fixtures. The Install wireless battery powered wall Download the CLAIRITY app, pair the
embedded smart sensor helps to achieve switch. Multiple configurations available fixtures to the wall switch and configure
energy code compliance. to meet the needs of your customer. the lights to match your space.

A Simple to specify and install

A Willrequire commissioning to
function most effectively.

A May be capable of all control
strategies

A May be capable of only OS/VS
and Daylight harvesting

A Smarter systems will be more
capable

Courtesy: Acuity, Cree
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POE i Power over Ethernet

A

T

> > I

> > > >

Open Source Standard?

Each device has a unique
address

Maximum flexibility
Maximum commissioning

All controls strategies possible

Energy management software
Lumen Maintenance
Scheduling

Data Logging

SENSORS SMARTCAST® LUMINAIRES AND DIMMERS

Cree SmartCast® lumingires are shipped from the factory with 2 Cree luminaires deliver better light beautiful,

adva Lighting control sensors and embedded intelligence - consistent and pleasing illumenation that enhances the
that de the right amount of light based on changing H appearance of your facilities, delights end users and
occy y and daylighting conditions. The Lights sense when H supports productivity with exceptional color rendering
you he room and turn off when you're not. Lights auto H and temperature tuned to specific tasks or personal
matically dim on sunny Cays and provide more Lght when you H preference

need it. All while providing up to 70% energy savings.

PoE SWITCHES

A CATSe or CATS Ethernet cable connects each Cree
device to uPoE or PoE+ switches that provide both
low-voltage power to the Lghts and allow two-way
data communication across the Lighting network and

CREE é SMARTCAST TECHNOLOGY optionally, building management systems, the internet

and the cloud

Courtesy: Cree
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Control Systems

We work with many different
control systems manufacturers for
this class.

A

> >y >y >y >y >y D

Acuity nLight Air
Audacy by ldeal
Cooper Wavelinx
Cree Smartcast
Crestron Zum
Encellium Edge
ETC Echoflex

Lutron Vive

CREE ©echoflex

SMARTCAST TECHNOLOGY an =TC Company
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Networked Lighting Controls Today

D> > > >y D> D>y D> D> D>y D

Distributed

Wireless

More Capable

More Complex

Less Complicated

Less Costly

Easier to Install / Commission
Compatible

Integrated

Better!

D=

Wireless sensors Vive wireless hub
r

Load contrallers Clear

Connect.

Wirgless

o N
Wireless controls
° 4
ﬁ “BAC
Demand BACnst

Fixture control Response Intsgration

and sensing

controlled
aaaaaaaaaa

nnnnnnnnnn
....... &
rocessed
. O / LED lighting
! fixtures
/
ambient LED
lighting
fixtures wi ith
occupancy and
> daylighting
sensor
" -
P 4
“ /,/
/ P % > 4
- L ,/

Courtesy: Lutron, Eaton
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Pop Quiz

A What are some of the benefits of LLLC Systems?



Typ I C aI C O nt rO I S t ra‘te g I e S Methodist Hospital Research Institute

KPF/WHR

>

Manual Switching

T\

Manual Dimming

>

Scene / Preset Control

™

Occupancy Sensing

>

Vacancy Sensing

T

Daylight Harvesting

p>X

Task Tuning

>

Time Scheduling

o

Astronomic Scheduling

ﬁlighting design lab




Manual Switching

v >y D>y >y D> D

Line voltage

Low voltage with relays
Zones or groups
Simple to design

Easy to understand

May not meet codes

Courtesy: GE, Leviton
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Manual Dimming

>\ >\ >\ >\ >\ >\ >\

Line voltage

Low voltage remote dimming
Networked System

Zones or groups

Simple to design

Easy to understand

Users like personal control

Courtesy: Lutron, Leviton, Crestron

G lighting design

lab



Scene / Preset

D> > D>y D> D

Grouping of zones at specific levels
More complicated

Simply Repeatable

May be confusing

Consider engraving

e Courtesy: Lutron, Leviton, Pharos

< lighting design

lab
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Scene

-y

tchingéDi mmi ngé
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Occupancy Sensing

Ve

A

Automatically turn lights on or off
depending on occupancy

May have some residual angst over

older systems

Supplanted by vacancy sensors in

Mmany cCases.

A
A
A
A
A
A

Public spaces
Corridors / Stairwells
Toilet rooms
Warehouses

Parking garages

Site lighting

Courtesy: Leviton
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Vacancy Sensing

A Automatically turn lights off when
No occupants are present

A Requires manual touch to turn on.

A May have some residual angst
over older systems.

A Users may require some training.

A Almost all enclosed commercial
spaces

A Oﬁl CeS Courtesy: Leviton

T\

Classrooms

>\

Storage
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Daylight Harvesting

Ve

A Luminaires are governed by
photo-sensors determining real
time daylight availability

A Continuous range dimming Is
preferable to threshold based
switching.

Offices

Education

Public Spaces

CII‘CU|atI0n Cleveland Clinic Taussig Cancer Center

> >y D>y D>y D

W arehouse / Industrial
zilfzﬁlighting design lab




Task Tuning / High Trim

A

>

Setting a high trim tuned to
deliver the target illuminance
level.

Can reduce glare
Can balance brightness

Can save as much as 20-30%
of the energy in a typical
system.

Offices

Education

A

A

A Public Spaces
A Circulation

A

W arehouse / Industrial

Asklepios Clinic
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Time Scheduling

A Lighting is governed by time of
day events rather than
occupancy or vacancy sensing.

A Multiple calendars required for
effective use.

A Public Spaces

s

A Circulation

r

A Reta” Courtesy: Stantec

A Areas in which OS/VS would
pose difficulty
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Newer Controls Strategies

p>X

Color selection
Tunable W hite

> D

Circadian Lighting

™

Generally based on
LED capabilites

Chil drenos
ZGF

Elighting design lab




Color Selection

Iﬁlighting design lab

Hospit al

Childrenos

CS Mottt




Tunable White

A Specific color tuning adjusting
the correlated color
temperature / SPD along the
black body radiator curve.

A Meant to affect mood or
alertness.

A Circadian lighting.

A Aesthetic reasons.

Courtesy: Fagerhult
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Tunable White

Morning
Boost

Classroom 103 [__,/

6:00 AM - 5:00 PM

SCHEDULE

School Day

+ 7:00 AM
9:00 AM
11:00 AM
1:00 PM

@ 3:00 PM

5:00 PM

Classroom
High-End Trim: 100 %
Demand Response: 20 %

Auto On/Off
Partial On: Enabled

Partial Off: Disabled

6:00 AM - 2:00 AM

-

- i Screens
DR Quick Test

Light Level: 70%

Light Level:
Off After:

Lesson

Discussion

{ [
s

}
)
Edit Y
.
H d ;_ =

General

Activity

/§;>\
Energize

2700K
L/
“C:E:

Calm

[>]

Video

\\."_‘t "‘
L 4 1

A
3500K
N K
A K

Focus

Courtesy: Finelite
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Circadian Controls

ENERGY - :
p——— Measuring Light Exposure and its
renewnnie eneney. Effects on Sleep and Behavior in
Care Center Residents ACC Care Center

ACC Care Center - Sacramento, CA

November 2019 ﬁ I i g h t i n g d e 5 i\\\g n I a b



Hardware Evolution

> v > D> D> D> D

> v D> D

Line voltage switch

Three way switch

Contactor

Low voltage hardwired relay
Strap and wallbox dimmers
Preset control dimming

Luminaire addressable
hardwired

Zone control wireless
Luminaire addressable wireless
POE (Power Over Ethernet)
IOT (Internet of Things)
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Pop Quiz

A Are color tuning and tunable white the same thing?



Why use advanced lighting controls?

>\ >\ >\ >\ >\ >\ >\ >\

>

Flexibility
Productivity

User Satisfaction
Aesthetics
Maintenance

LEED / WELL/LBC
Energy Savings
Energy Codes

Staff Wellness

Patient OQutcomes

Tommy Bahama Headquarters
SkB
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Specific Concerns

A Wellness
Circadian Systems
Shift Workers

Poor sleep quality
Mood

>
>

Metabolism

>

Cardiovascular disease
Obesity

> >y

Cancer

Breast Cancer, by Industry

Dither Industries, 17% Health Care and
Social Assistance,

Manufacturing, 43%

11%;

Trade, 11% Accommodation

and Food Services,
18%

ﬁlighting design lab




Light and Health

There is a huge amount of research going
on today with respect to light and human
physiology / non visual effects of light.

Circadian systems
Sleep impacts
Aging Populations
Dementia

Behavior Modification

Alerting Functions

Blue Light Hazard
Flicker ﬁlighting design lab

> v D> D> D> > D> D




Light has a role in circadian rhythm?

12:00
21.00 lllidlligllt Output Rhythms:
Melatonin ;))-:00 o > Physiology
secretion starts rpoRaey - Behavior
19.00 v
Highest body
temperature 04:00
18.30 Lowest body
Highest bloé»d b . o i
pressure Circadian
18:00

Rhythm o

17.00 y s 06.45
Greatest cardio-

vascular efficiency

Sharpest blood
and muscle strength

pressure rise

07.30
g 7 y Suprachiasmatic
15.30 Melatonin \,'“” 2 ”,‘ . '.1 3
'Fa';yes! Secretion stops Nucleus (SCN)
reaction time
14.30 10.00
Best 12:00 Highest
coordination

alertness
noon

\//)‘/

Courtesy: NIGMS/NIH
glighting design lab



What about non-visual light stimulus?

A A new photo-receptor was
Identified in 2002 in humans.

A Melanopsin-expressing,
Intrinsically Photosensitive
Retinal Ganglion Cells ipRGC

A Studies suggested that existing
visual structures 7 rods and
cones i were unrelated to light
response and the circadian
timing cycle.

pigment
epithelium

photoreceptors
—

outer
nuclear layer” ¥ a1

outer -) horizontal cells

plexiform Iayer bipolar cells
inner amacrine cells
nuclear Iayer
inner «ganglion cells
plexiform laym et
gang”on g ganglion cell
axons
cenlayer

Courtesy: webvision.med.utah.edu

glighting design
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IPRGC

Intrinsically Photosensitive Retinal
Ganglion Cells 19 ™~ \

S
\\
\
\\
,/
,/

A Non vision forming light receptors

A Slow response

Luminous Efficiency
5 3
\\
\\
™
/

A Melanopsin

,?\ Circadian Rhythm ; - ANEN g
Pupil Size 1 i

O O O O O O O O o O o o o o o o o o
4 O O N < ©O© 0O O N I © 00 O N ¥ © 0 O
MO <+ T T T 0000 0N 0N O © © © O ~ M~

A Melatonin suppression Wavelength (i)
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Circadian Rhythm and Light Spectrum

lighting design lab



What Do We Know?

A Wel | éé

The research 1 s

\ >\

A Consensus standards are
sl owly Dbeing deve

A There are limited practical
application research examples.

What we don’t know
that we don’t know

A Therebds a | ot of
public press and the with the
public.

ﬁlighting design lab



Lighting Hippocratic Oath

FIRST DO NO HARM
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Circadian Entrainment

W hat do we know about the
circadian system in humans?

A Needs to be reset
A Superchiasmatic nucleus

A Regulated in part by the
endocrine system

A Affected by light exposure

A Melatonin suppression

A Chronotypes

High alertness

10:00

Highest testosterone secretion
09:00

Bowel movement likely08:30

Best coordination
14:30

Fastest reaction time
15:30

Melatonin secretion stops
07:30

Greatest cardiovascular efficiency

and muscle strength

Sharpest rise 17:00

in blood pressure06:45,

06:00 18:00

18:30Highest blood pressure
19:00 Highest body temperature
Lowest body temperature 04:30

1:00 Melatonin secretion starts

02:00

Deepest sleep 2:30

00:00 Bowel movements suppressed
Midnight

ﬁlighting design lab
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Intensity

Distribution

Spectral Power Distribution
Duration i Dose

Timing

Photobiological History
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Intensity

A How much light is
Incident on the eye

A Lux

A Typically measure at
seated eye height for
most environments

St Johnos

ﬁlighting design lab




Distribution

A Direction of light matters

A 90 degrees from nadir and
higher

A Think about blues sky light

Cook Hospital

Elighting design lab




Spectral Power Distribution

Daylight Incandescent Fluorescent
100+
A What wavelengths -
are present in the 5
. R
light source
A Heavy reliance on “w w0 © % a0 B o

blue wavelengths ficdogen Eoci Wiie 12D Warm White LED

- 100+ 100+
A Research is showing -
this may not be as § o §
Important as thought < ©- :
20+

400 500 600 700 400 S00 600 700

400 S00 600
wavelength (nm) wavelength (nm) wavelength (nm)

i:lighting design lab



Duration - Dose

A How long are you subjected to
the light stimulus?

A At what intensity was the light
stimulus?

Elighting design lab




Timing

A Whattime are you subjected to
the stimulus?

A Resetting the circadian clock at
5:30 pm may not be the best
choice for day active workers.

A What about for patients?

ﬁlighting design lab




Photobiological History

A The patterns of light exposure
during the day and over time
matter

A Intensity ranges may be critical
over time

A How does this effect shift
workers?

| LW
A,

‘Gilighting design lab



Lighting Controls to the Rescue

>\ >\ >\ >\ >\ >\

Intensity

Distribution

Spectral Power Distribution
Duration i Dose

Timing

Photobiological History

If only we had a convenient

means of manipulating most of
t hese variabl ese.

Wireless sensors Vive wireless hub

Load contrallers Clear
Co

______________

Courtesy: Lutron, Eaton
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UL RP24480

Recommended Practice and Guideline for Promoting Circadian

Entrainment with Light for Day Active People

A

D> v D> D

Currently in final review

/7 pages long currently
Largely adopts LRC CS system
Considers EML

Many examples

Not a consensus document like
IES / ANSI standards

Figure 4.1
Measuring photopic illuminance

ﬁlighting design lab




Pop Quiz

A Does timing of high light exposure seem to affect circadian entrainment?



Lobby / Waiting / Patient Intake

> > > D> D

>

Scheduling

Daylight Controls

Task Tuning / High Trim
Tunable White?

Scene Based

Zone based load controllers

Decorative equipment

Soin Medical Center

3Lf:flighting design

lab



Typlcal Exam St Lukeds Canc

Outpatient Clinic

p>X

Manual Dimming

Scene Control / Raise Lower

>\ >\

Occupancy Sensor

™

Task Tuning / High Trim
Tunable White?

>

T

LLLC Opportunity

ﬁlighting design lab




Procedure

p>X

Manual Dimming

Scene Control / Raise Lower

>

Task Tuning / High Trim
Tunable White?

Low end dimming

>

A LLLC Opportunity

gil?lighting design lab




Operatory

A Manual Dimming

A Scene Control / Raise Lower
A Color Tuning?

A Low end dimming

A Theyodére all di

A Load Controllers

ﬁlighting design lab




Imaging

> > > >

Manual Dimming
Scene Control / Raise Lower
Task Tuning / High Trim

Low end dimming

LLLC Opportunity?

Caner College of Medecine

gil?lighting design lab




Imaging

D> v D> D>y D> D

Manual Dimming

Scene Control / Raise Lower
Task Tuning / High Trim
Tunable White?

Low end dimming

Active imagery?

Zoned Load controllers

Massachusetts General Hospital

ﬁlighting design lab




