11/16/2020

217 Networked Lighting Controls
For Warehouse

Presented by

Eric Strandberg LC
Sr. Lighting Specialist
November 17, 2020

lighting design lab

Before we beginé

-

During the Class Following the Class
Attendees will be muted . Please take the short survey
Please use the chat feature in the . Arecording and the slide deck will be
control panel to submit questions to posted on LDL6s welbpa
LDL staff

. Reach out to

The presenter will pause to address LightingDesignLab@seattle.gov with
questions every ~10 minutes comments or questions.

k Please participate in the online poII5/ \ /
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Since 1995 Eric Strandberg LC, has been
one of the lighting specialists at the
Lighting Design Lab promoting energy
efficiency and quality lighting design. With
a passion for ndall t hin
over 30 years in the lighting industry. This
work encompasses almost every aspect of
lighting design and conservation including;
developing and presenting classes, writing
articles, technology evaluation and project
consultation.

eric.strandberg@seattle.gov

FQIighting design lab




11/16/2020

Energy savings potential

A Lighting can represent 60%
of a warehouse energy
costs.*

A 60 to 70% can be saved just
by upgrading from HID to
LED.*

A And over 85% when LED is
integrated with NLC.*

*Justin Moon- Acuity, excerpted from Electrical
Contractor article by Jason Gavin 6/2016

Iighting design lab

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 warehouse specific spaces.

[&lighting design lab
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Warehouse/Industrial Spaces

>

Shipping/ Receiving

>\

Storage Aisles

>\

Open Storage

>\

Loading Docks

>\

Maintenance

>\

Private Offices
Shared Offices

Restroom/Showers

>\

Customer Areas
Other?

> > >

Iighting design lab
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Controls Class

This class is specific to
control sé.

But a brief review of
some of the high points
of modern Warehouse
Lighting might be in
order.

Iﬁlighting design lab

12



11/16/2020

LED T the defactol i g h't

Solid state light source
Extremely flexible
Potentially long lamp life
Dynamic color opportunities
White light

Poor to excellent color
rendering

> > > > > >

source du jour é.

oy &
\.t@/\m;) '%Q Luxgmus ‘
% g' INDUS o /

Iighting design lab
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Architectural Impacts of LED

Smaller fixtures

Better efficacy

Possibly better color

More flexibility in control

Longer lamp life N
Reduced maintenance
Better optics

Back to dimming
Better integration

Potential confusion

> > >y > >y D> > D> D> P> D

Tunable Color

l Courtesy: Lithonia, Cree, Cooper l

Iﬁlighting design lab
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18.3 Warehouse Lighting Design Considerations

Fixedl ocati on rackingéBecause o
aisle space, which generally yields RCRs higher than i

10, and because the key visual tasks are in a vertical e
plane, the Lumen Method of average illuminance is for Lighting Industrial Facilities

not effective for WH applications.

RP-7-17

The spacing of luminaires can be increased when the
luminaires have a substantial uplight component and
the ceilings have a high reflectance.

Iighting design lab
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How Much Light Do | Need?*

Building Area & Task Average Range of Average Range of
Maintained Maintained Maintained Maintained
Footcandles Footcandles Footcandles Footcandles
(Horizontal) (FC) (Horizontal) (FC) (Vertical) (FC) (Vertical) (FC)

WAREHOUSING & STORAGE

Bulky ltems—Large Labels 10 5

Small tems—Small Labels 30 15

Cold Storage 20 10 -30 10 2015

Open Warehouse 20 10-30

Warehouse wAisles 20 10-30 10 5215

*Based on Recommendations in the IES Handbook 10t Ed.

WASHINGTON
ADMINISTRATIVI
CODI

Iﬁlighting design lab
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How much light will | get?
What is the efficacy?

LED Damp Rated High Bay

J(BL

9000, 12000, 15000, 18000,
24000, or 30000 lumens

!

S

am
Sy

VA L/THONIA LIGHTING

JCBL LED Damp Rated High Bay

OPERATIONAL DATA

|

st | 1m

o |

17

So many options so many variables
Lmdnmrsww\lvarydepenmnqmnpnmssdemzd,(mmhwnhwumlampresem.mve

Example: JCBL 24000LM SALR MVOLT GZ10 40K70CRI 5C6

JCBL GI10
Color Color rendering
Series | Lumens Reflector lens'? Voltage Driver temperature | index
JCBL S000LM 9,000 DALR  Diffuse aluminum (blank)  Open bottom MVOLT 120277V G110 0-1V 30K 3000K TOCRI TOCRI
lumens DALRN  Diffuse aluminum HOLT  347-480V dimming | 35k 3500k | soCRl BOCRI
120001 "!E,ﬂtlﬂ For use with aluminum reflectors 120 120v 40K 4000K 90CRI 90 CRI
— 1"5":0"; SALR - Specalaraluminum | y)pgp  Drop prismatic 08 208 S0K 000K
mens | ACR Frostedacnic ALON  Conical W
J8000M 18,000 AR Clearacrylic ALFGL  Flat prismatic o
Jumens PR Clear polycarbonate W
24000LM 24,000 Foruse with acrylic and 0 asv
lumens Dolycarbonate reflectors
30000LM 30,000 ACRDRP  Drap prismatic
lumens AROON  Conical
ACRFGL  Flat prismatic
OPERATIONAL DATA
Lumen | Input | Ambient
padiage | Watts [ rating
DALR gy 25033 26708 26708 887 24562 109 5516 196554 270 20983 20085
DALRN 24084 1766 P 15448 m 8403 nas? 13m 18631 i 19995 19995
SALR 5512 %134 26857 26957 063 2479 Bm 5753 15736 20458 msp ms
. KR e 21549 Pl 19334 26192 26877 7501 28025 0417 1063 13049 pri]
E 300001M % ‘W?g;;g}d‘ ACFRN 78 28261 19018 20BE 2507 26705 4 e 11260 22038 2816 1816 smﬁ,ﬁﬁ;“
ALCR 7853 23641 29430 26277 27065 7591 1116 N7 1335 3124 prir)
MGRN 26928 6 P 28453 25344 26166 26674 ms 20831 215% 2356 3%
PUR 25509 26231 953 26953 065 24781 25269 750 1974 20456 M7 nmmn
PLCRN 24634 538 26081 26081 1287 23985 24851 M7 1985 19794 492 20492

Wattage
Lumens
Reflector
Optics
Lens
CCT

CRI

4K, 3K,
70CRI 90CRI
30,000 | 1251/w |80 l/w
nominal
lumens.
236
watts.
hting design

18
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Fl

Photometric reports for just one fixture- é

Someoné said not I&]g ago,
il snot | ightimg-g

I'ts just LED

19

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 avadable fixtures to the wall switch and configure
energy code compliance. 10 meet the needs of your customer. the lights to match your space.

Iﬁlighting design lab
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Distributed Systems

Characteristics:

A May be stand alone or
integrated.

A Will be a scalable digital system.

A May incorporate scheduling
capability

A Will accept input from devices
including occupancy sensors
and photo-controllers

A Inherently Flexible
Considerations:

A Coordinate digital protocol -
LON, BacNet, etc

Breaker Panel

Ancillary Devices

(Occupancy Sensors, Photo Sensor, Etc.)

Programmable Input Devices
(Switches, Dimmers, Etc)

22 27726 Z1-Z3 Z10 ZAll

Master Software Control

Iighting design lab

21

Luminaire Level Lighting Controls

A Wrapping the sensors and
most of the logic into the
luminaire itself ensures
compatibility of components.

A Simple to specify and install.

>

Highly granular zoning.

A May be capable of only OS/VS

and Daylight harvesting.

A Smarter systems will be more
capable.

A Will require commissioning to
function most effectively.

Courtesy: Acuity, Cree

[Glighting design lab
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POE i Power over Ethernet

A Open Source Standard?

A Each device has a unique
address

>

Maximum flexibility

>

Maximum commissioning

>

All controls strategies possible

>\

Energy management software

>\

Lumen Maintenance

>\

Scheduling

>\

Data Logging

SMARTCAST* LUMINAIRES AND DIMMERS

iver better light — beautiful,

PoE SWITCHES

ACATSe o CAT6 Ethernet cable connects each Cree
devi

Courtesy: Cree

Iighting

design lab
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Control Systems

Many different control systems
manufacturers available.

>

Acuity nLight Air

>

Audacy by Ideal

>

Cooper Wavelinx

>

Cree Smartcast

>

DigitalLumens

>

Encellium Edge
ETC Echoflex

> >

Lutron Vive
LinkT air

>

OSRAM

@echoflex

an =TC Company

CREE=
SMARTCAST TECHNOLOGY

Fglighting design lab

24
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Networked Lighting Controls Today

N

> > > > > > > > > P>

Distributed
Wireless

More Capable
More Complex
Less Complicated
Less Costly

Easier to Install / Commission

Compatible
Integrated
Better!

Load contrallers E oar

Fixture control
and sensing

ci
Connect.
Vircioss.

Vive wireless hub

Courtesy: Lutron, Eaton

E@Iighting design lab

25

Typical Control Strategies

> > > > > > >y > D>

Manual Switching

Manual Dimming

Scene / Preset Control
Occupancy Sensing
Vacancy Sensing

Daylight Harvesting

Task Tuning
Time Scheduling

Astronomic Scheduling

Iﬁlighting design lab

26
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Manual Switching

>\

Line voltage

>\

Low voltage with relays

>\

Zones or groups

>\

Simple to design

>\

Easy to understand

>\

May not meet codes

Courtesy: GE, Leviton

Iighting design lab
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Manual Dimming

Line voltage

Low voltage remote dimming
Networked System

Zones or groups

Simple to design

Easy to understand

> > > > > > D>

Users like personal control

Courtesy: Lutron, Leviton, Crestron

Iﬁlighting design lab
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Scene / Preset

>

Grouping of zones at
specific levels

More complicated
Simply Repeatable

May be confusing

> > > >

Consider engraving

Courtesy: Lutron, Leviton, Pharos

Elughtung design lab

29
Occupancy Sensing
A Automatically turn lights on or off
depending on occupancy &
A May have some residual angst over ’” 3 - '
older systems \\\\ ' ‘
A Supplanted by vacancy sensors in l < 55]
many cases. ! .
ff\’ _J J |
, < [ 9
A Public spaces @ 0y /
A Corridors / Stairwells g, = _§ A B
A Toilet rooms -
A Wal’ehouses Courtesy: Lighting Controls Association, 2017.
A Parking garages
A Site lighting N
@Iighting design lab
30
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Vacancy Sensing

A Automatically turn lights off when no
occupants are present

A Requires manual touch to turn on.

i

May have some residual angst over
older systems.

—

A Users may require some training.

[

A Almost all enclosed commercial spaces
A Offices

A Breakrooms

Courtesy: Lighting Controls Association, 2017.

A Storage

Iighting design lab

31
Sensor coverage patterns
A Be sure to select a pattern
. 45' 26' 22 0 22' 26' 45'
appropriate for the tasks. s ) : = :
} '3 WT-2200/2205
A Open area by ((WT-1100/1105 " WT-600/605 )
A Aisles o) :
P . (N WT-2250/2255
A Small area w/out walls 9 i)
54 A~
14' \—&/
21 - /
Courtesy: Lighting Controls Association, 2017.
[Glighting design lab
32

16



11/16/2020

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

Warehouse / Industrial

Iighting design lab
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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 Areas in which OS/VS
would pose difficulty

Iﬁlighting design lab

34

17



11/16/2020

Daylight Harvesting

A Luminaires are governed by

i ,
photo-sensors determining real v 1A
time daylight availability 11,

> eaaty | e

A Continuous range dimming is !ﬁ =
preferable to threshold-based -
switching. N =

A Offices -

A Public Spaces

1

A Circulation

A Warehouse / Industrial

Courtesy: Sunoptics

Iighting design lab

Newer Controls Strategies

A Tunable White
Circadian Lighting

. >

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

A Meant to affect mood or
alertness.

A Generally based on LED
capabilites

Iﬁlighting design lab
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Tunable White

Morning
Boost

Lesson Discussion Activity Wrap-up

< Classroom 103 (4

Edit
800 AM - 500 PM 600 AM - 200 AM

Edit

6500K

4500K e ——— 4500K
4200K

Hegh-End Trim: 100% i r General Energize Calm Focus General
YonIapm B
Auto ONVOH

Partial On: Enabled Ught Levet  70% Courtesy: Finelite

Partial Off: Disabled Ught Levet

Off After: - min

n lab

37

Circadian Controls

U3 DEPARTMENT OF

ENERGY

ffice of

o Measuring Light Exposure and its
RNt Effects on Sleep and Behavior in
Care Center Residents ACC Care Center

ACC Care Center - Sacramento, CA

ez Iﬁlighting design lab
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Circadian Controls- Possible scenarios for a typical day.*

’ Morning- 6500K, 110% A Day- 4000K, 90% Evening- 3000K, 75%

| * For concept only.- Not vetted scientifically

Iighting design lab
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Circadian Rhythm and Light

"

Spectrum
~

Can electric lighting stand in for daylight?

Elighting design lab

40
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Color tuning an
interior space

Iighting design lab

41

Color tuning an interior space 6500K

B Spectrum
/— Max = 18.6(mW/m2)

0.9

05

0.1

0.0
380 400 420 240 460 480 500 520 540 560 580 600 620 640 660 680 700

6126K
82 CRI (R9=11.7)
574 lux (53 fc)

[Glighting design lab
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M Spectrum
0

~— Max =10.7(mW/m2)

640 660 680 700

540 560 580 600 620

330 400 420 440 460 480 500 520

2934K
84 CRI (R9=18)
526 lux (49 fc)

Color tuning an interior space 3000K

Iighting design lab

43
Color tuning an interior space
Solatubes only (cloudy)
W Spectrum
N X 7/~ Max =3.62(mW/m2)
0’“350 400 420 440 460 480 SO0 520 540 S60 S80 600 620 640 660 680 700 Parklng LOt OUtSIde
>220K 235(?; R9=98
98 CRI (R9=97) 6,609 | (x 614 :‘c
252 lux (23 fc) /609 Jux ( )
[&lighting design lab
44
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Historic factory buildings incorporated daylight. Why?

Because they had to!

i

p—— .

—

)=

Iighting design lab
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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

> > > > > D> > D>

Iﬁlighting design lab
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Light has a role in circadian rhythm?

12:00
21.00 midnight N
Melatonin 02:00
secretion starts Deepest sleep

19.00

Highest body
temperature
18.30

Highest blood
pressure

18:00

17.00

Greatest cardio-
vascular efficiency
and muscle strength

04:00

Circadian
Rhythms

06.45

07.30
15.30
Fastest

reaction time
14.30 10.00

Best 12:00 Highest
coordination = alertness
noon

Lowest body
temperature

06:00

Sharpest blood
pressxu’e rise

Melatonin
Secretion stops

Courtesy: NIGMS/NIH

F_jalighting design

lab
47

What about non-visual light stimulus?
A A new photo-receptor was e

identified in 2002 in humans. pigment e Ler e

epithelium "~ ot ’

. . . photorecepto.r_s"-' P | « rods & cones
A Melanopsin-expressing, adion SR

Intrinsically Photosensitive nuclear layer”g¥ \

Retinal Ganglion Cells ipRGC s A 3@l horizontal cells

plexiform layer /| d’» bipolar cells
inner *iﬁ’*;{ ) amacrine cells

< . .. | | \ gy,
A Studies suggested that existing nuci::;rayer P‘ .9 T 3

visual structures i rods and plexiform |ay'€r’f:13“_ § _

cones i were unrelated to light ganglion —"L } ] aons

response and the circadian SN A

timing cycle. &~ '

B Courtesy: webvision.med.utah.edu
@Iighting design lab
48
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IPRGC

Intrinsically Photosensitive Retinal
Ganglion Cells

A Non vision forming light receptors
A Slow response

A Melanopsin

A Circadian Rhythm
A Pupil Size

A Melatonin suppression

Luminous Efficiency

0 O O O O O O O O O o o O O O ©
eoomqrcocoomgcoooomvnouoow
M ¥ T T T T 0O W0 0 Vv © © © © © ~ ©~

Wavelength (nm)

Iighting design lab
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Key Light Stimulus Variables

>

Intensity

>

Distribution

>

Spectral Power Distribution

p)

Duration i Dose

p)

Timing

[&lighting design lab
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Intensity

>\

How much light is
incident on the eye

>\

Lux

Typically measure at
eye height for most
environments

51

Distribution

>\

Direction of light matters

90 degrees from nadir and
higher

Think about blue sky light

>\

]
-
o e

=S T2 =% 2 o /

Iﬁlighting design lab
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Spectral Power Distribution

Daylight Incandescent Fluorescent
100 100+
A What wavelengths © 0]
are present in the j ;
light source .~ ol
~ . 0 04
A Heavy reliance on ) & s o 7w % w0 &0 7w
wavelength (nm) wavelength (nm) wavelength (nm)
blue Wavelengths Halogen Cool White LED Warm White LED
4 . . 100 100
A Research is showing - o
this may not be as Fa g o
important as thought s s %1
20 204
0 0
400 500 600 700 400 500 600 700
wavelength (nm) wavelength (nm)

Iighting design lab

Duration - Dose

A How long are you
subjected to the light
stimulus?

A At what intensity was
the light stimulus?

[Glighting design lab
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Timing

A What time 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.

Iighting design lab

55
Lighting Controls to the Rescue
A Intensity
A Distribution
A Spectral Power Distribution
A Duration i Dose
A Timing
A If only we had a convenient
means of manipulating most 2l
of these variab & |
[Glighting design lab
56
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What Do We Know?

A Well éé
The

A Consensus standards have yet
to be promul gated

research is o

\ >\

A There are limited practical
application research examples.

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

What
we
know

What we know
we don’t know

What we don’t know
that we don’t know

Iighting design lab
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Hardware Evolution

A Line voltage switch

A Three way switch :>

A Contactor

A Low voltage hardwired relay

A Wallbox dimmers

A Preset control dimming v

A Luminaire addressable /

hardwired ! ' \/ ) B

A Zone control wireless B i -L g ? g

A Luminaire addressable wireless Remember that a parallel evolution in controllable

A POE (Power Over Ethernet) light sources has been taking place, enabling NLC.

A 10T (Internet of Things) [&lighting design lab
58
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Why use advanced lighting controls?

>\

Flexibility

>\

Productivity

>\

User Satisfaction

>\

Maintenance
LEED / WELL /LBC
Energy Savings

> > >

Energy Codes
Staff Wellness

Aesthetics

>\

>\

Iighting design lab
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Typical zoning for a warehouse

-!

. _ H™
A Master switch or H _
timeclock for warehouse H = =1
area. (In green.) E ) ——+—
= } -
A Main office lighting on a = = H
) P - BT N — ‘
switch. (In orange.) 1 L ——
) _ bl Al eeoesmmm
A Photocell for exterior. T — —

(In dark blue.)

A Occupancy sensors for
restrooms and lounge.
(In dark red.)

[&lighting design lab
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n}
Exterior
lightin
et I | I l zgnesgb
AAAAAAAAAAAAA 1 e — y
o photocell and
= | | | | | ti lock
i ] 1 i ! imeclock.
= Y R A I A
| | 1 | |
EEEEEEE 0 0 0
| I I | I
i 4 3 o S

- O

o (B3

]
= =
B Photocell
E gy R zones for
El - | e ——1 interior.
El — | | | |
I | 1 |
E == | | 1 R
=] | 1 1 | 1 %
= 0 I
| | 1 | |
g 13 53 i 5
= U GeEEEEmE Em . T
I ] 74" J;"‘_‘—"‘ Bt llg‘(j ‘_l ’rﬁ%
roical i :7 3 el ) ) | pi-'
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i
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63
FIGURE C405.2.4.3(1)
TOPLIT ZONE UNDER A ROOFTOP FENESTRATION ASSEMBLY
Area extends to front of obstruction
i g 2018 WA St Energy Code
— | Daylight Zones
Height
( A
| Obstruction
HHHHH
(OH)
L] 1 1
Section View /
Skylight kylight
Primary Sidelit Ar
View Window \
i E}thting design lab
64
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i

W Omm

EH_I: . —

6= :] . dat I

= R
p— A

SO s

=\ _mmmmmmms | L L7
o = T =
i1

e

@D a

Photocell
zones for
interior
sidelighting
and

toplighting.

=2

65
SN - Occupancy
= mm eror and
- ] exterior
=
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il

Occupancy zones for interior and

_g =
E = “E
H e =
= -
-[il———— EREEEEEE
el U BEEEEREE
» maw&arﬂﬂ
[(TTTT]
[l oo
v,

M exterior- Possible Sequence of

Operation:

A Minimum 10% during regular hours
for interior. (unless daylight 3x

=

target.)

A Aisles go to 85% upon occupancy

tuning).

J for 3 fixtures around activity. (Task
A Back aisle goes to 50% upon any

aisle activity. (To mitigate contrast)
A Egress fixtures go to 110% upon

>

egress event (power failure, fire,
earthquake, etc.) due to lack of

contribution.

Iighting design lab
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EI g S Possible
a o [— egress
B Ei—_l " — paths.
B | = e e
= _ - = ==
= Eqﬂ'_l — %:J — ﬁ
- i
e T (————
ceem| L L T [ peEmmEE )
R o L,_M. A
o] = =l ] 0 oo ) s
4 - ol s |
68
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Adding in all
the zones

together

makes for a

complicated

controls

zoning plan.

e S de4 iS4 S8 EESIIRAEY

JilsiileiliEsaistatisalci

Eﬁ%ﬁﬂ&ﬂﬂ%ﬁﬂz

[TTTT]

IY\
UL TR O

69

WaveLinx- Connected Lighting System

A Wireless

A With its intuitive mobile application used for programming,
WaveLinx Wireless is easy to install and get running. Its rich
portfolio of wireless sensors, control devices and accessories
make it the ideal solution for indoor and outdoor applications.

A Wired
A Offers all functions needed to meet your applications from a
floor to a complex. The system includes the ILP series panels

that can perform multi zone 0-10V dimming, multi loop DALI
based addressing, multi zone relay switching.

A WaveLinx Lite

A Eliminates all the hassles associated with a complex lighting
controls solution making the commissioning process intuitive

®ignify //

(%) COOPER )

Lighting Solutions

(206) 575-6865

WAVELINX

Iﬁlighting design lab
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WaveLinx- Connected Lighting System

3rd Party Integration Smart Lighting Apps —

1) B &
| == o

elix Admin Trelli Lghting

C —I— SR )
] [T
[
e N /@ D
WaveLinx WaveLinx
Wired Wireless
D 2 2 System System A R Wicess s
(., cen
e \ / wired ,
paveLir i OR. [Ty srenphone
et aied JOR (CR) ((«r)) [ e
o

pusscrioom (44 (o) o) () (o) (o)

D"-&ﬂ =0 Ul 0T

ine Wired local bus devic

== 2

®ignify //
OOCOOPER "f"\ Iighting design lab

Lighting Solutions

(=

S
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Wavelinx- Connected Lighting System
Designed to meet all commercial/industrial applications

Wavelinx is an ideal solution for both small and large projects. Scale from one room to an entire floor, or from one building to multiple buildings and sites.

Ideal for these spaces:

Office Healthcare Education Industrial Outdoor
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WaveLinx- Connected Lighting System- w/ LLLC Metalux
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Wavelinx- Connected Lighting System
Case Study- Warehouse distribution, Spanaway, WA

AdZ P} o }(SZ % @E}i S A 5} % E}A] 0}A
maintenance easy to use solution that would
only use lighting in locations requiring it for
use and avoid having lights burn all day for ho
reason. Q
Energy savings as a result of zoned occupancy
control was roughly 360% in comparison to
a standard timeclock }vS§@E&}o }( $Z *»% X
tJustin Blair SeaTac Lighting
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