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Credit(s) earned on completion of material of construction or any
this course will be reported to AIA method or manner of

CES for AIA members. Certificates of handling, using, distributing, or
Completion for both AIA members dealing in any material or product.

and non-AlA members are available
upon request.

Questions related to specific materials, methods, and
services will be addressed at the conclusion of this
presentation.

This course is registered with AIA CES
for continuing professional
education. As such, it does not
include content that may be deemed
or construed to be an approval or
endorsement by the AIA of any
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Learning
Objectives

At the end of this course, participants will be able to:

e Gain a basic understanding of what wireless mesh control technology is, and “best fit” projects

e Understand best practices for building a project specification, including detailed exploration of
design goals, technology, and cost-benefit evaluation

e Facilitate discussions and coordinate with a project team for selecting wireless mesh, including
overcoming specific concerns

e Learnlessons from unigue recent projects that inform the best practices in the specification process
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LEDucation
Wireless Mesh: What is it?

Many to many network topology
Every node communicates wirelessly with every other node

Topology Types

5 O B K K

Tree Hybnd

Mesh Star
Source: TechTarget
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Wireless Mesh: What is it?

* No centralized gateway
* No linear topology with
‘master’ or ‘auxiliary’

relationship
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Wireless Mesh: Benefits

* No single point of failure

* No requirement for a gateway or
central hub

* |ntelligence resides in each node

* Programmable from average
smartphone or tablet




LEDucation

Trade Show and Conference

Wireless Mesh: Concerns

* Range anxiety
* |Interference with other frequencies

* Security

* General lack of knowledge about the
technology
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Building a Project Specification: Initial Considerations

* |dentify design goals for #;m
project : "ﬁﬁ”ﬁﬁ”ﬂ

BﬂRﬂTIﬂN

%gg

_._,_N_DATA DECISIUN S WAREHOUSE

* Evaluate technology w36 {oi
options for controls MAKING“‘“’“
. . GUALH IKFORMATION TECHNOLOGY : 'EDAL
— |s wireless mesh a good fit *"“ﬂ'-“-*-DATA*gm‘}ﬁﬁﬁfﬁﬁgumsg‘“’
from an economic R —

perspective?
— a technology perspective?
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Building a Project Specification:

‘Making the sausage’

* |dentify project-specific concerns and ‘must-haves’
before deciding on a specific control solution

* Any specific concerns?

* Obtain references from comparable projects for the
solution finalists

* Draft project specifications as a project team effort
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1)

LUMIMAIRE

1

THE 5 PILLARS INTERFACE
OF
LIGHTING
WIRELESS CONTROLS
CONDUCTORS PROTOCOL
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LUMINAIRE

A complete lighting unit consisting of a lamp,
a driver, a housing, a medium to distribute
the light, and connection to an energy source.
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~a EXAMPLES

\ LUMINAIRE
\

LED Troffer
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EXAMPLES
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EXAMPLES
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A DOCUMENTATION

LUMINAIRE

Control Intent Narrative

1. Integral and remote occupancy and daylight sensors for individual light fixture
control:
A. Each light fixture has its own zone for independent control
B. Each light fixture has its own occupancy sensor
C. Each light fixture in daylight zones has its own daylight sensor
2. Wireless lighting controls with web accessible user interface to do the following:
A. Identify lighting zones and status
B. Toggle and dim lighting zones
C. Collect occupancy data and space utilization
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A DOCUMENTATION

LUMINAIRE

TYPE LOCATION
L1 VARIOUS
L2 GARAGE
L3 BOH SPACES
L4 ENTRY
PARKING LOT

L5

Light Fixture Schedule

INTENT

Recessed downlight for general
illumination of various spaces.

Canopy light for general garage
illumination.

Industrial linear for BOH space
illumination.

Recessed wall wash for entry space

Pole light for general parking lot
illumination.

POWER SUPPLY

Integral Dimmable Driver

Integral Dimmable Driver

Integral Non-Dim Driver
Remote Dimmable Driver

Integral Dimmable Driver

CONTROLS INTERFACE

CONTROLS PROTOCOL

-\‘\“'ul’.d-'é.

[Brand X] Remote
Occupancy Sensor

0-10V
[Brand X] Integral
0-10V Occupancy and Daylight
Sensor

[Brand X] Integral

(INTEGRAL) SWITCHED
Occupancy Sensor

[Brand X] Remote
Occupancy Sensor

0-10V
[Brand X] Integral
0-10V Occupancy and Daylight
Sensor
ol E',;IG
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ENERGY SOURCE

ENERGY SOURCE

The source of electric power.
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ENERGY SOURCE i
Driver
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ENERGY SOURCE

Light Fixture Schedule

L1 VARIOUS F'{eces.sed.downhgh.t for general
illumination of various spaces.

L2 GARAGE Canopy light for general garage
illumination.

L3 BOH SPACES Industrla! Imegr fqr BOH space
illumination.

L4 ENTRY Recessed wall wash for entry space

L5 PARKING LOT Pole light for general parking lot

illumination.

"~ DOCUMENTATION

POWER SUPPLY

Integral Dimmable Driver

Integral Dimmable Driver

Integral Non-Dim Driver

Remote Dimmable Driver

Integral Dimmable Driver

CONTROLS PROTOCOL

CONTROLS INTERFACE

0-10Vv

0-10Vv

(INTEGRAL) SWITCHED

0-10Vv

0-10Vv

[Brand X] Remote
Occupancy Sensor

[Brand X] Integral
Occupancy and Daylight
Sensor

[Brand X] Integral
Occupancy Sensor

[Brand X] Remote
Occupancy Sensor

[Brand X] Integral
Occupancy and Daylight
Sensor
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ENERGY SOURCE

"~ DOCUMENTATION

Device Layout and Schedule

Legand
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DAYLIGHT HMARVESTING FOR
FERIMETER AISLES

Daylight Harvesting Sensor

Daylight harvesting sensor for
parameter misles and rones

Maotion Sensor with wireless Controller
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Optional Gateway

* Enengy manitoring

SCHEDULED CONTROL WITHOUT
GATEWAYS OR INTERMET

H

= Machanical fosm

D ‘Wireless Swilch
= Al deck

R

+Rirverse pholDSEnsor 1o entrasce

- ;ﬂi Motlan Sensor with Photocel

leducation.org



LEDucation

Trade Show and Conference

CONDUCTOR

An object or material used to
transmit signal in one or more
directions.

|

CONDUCTORS
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L\ EXAMPLES

CONDUCTORS

Wireless Transceiver

Sends and Receives data

—"'

Modified Images Credits:
1. https://commons.wikimedia.org/wiki/File:Vintage_Pair_of_Elmex_Solid_State_Transceivers,_Model_666,_Made_in_Japan_(9035278787).jpg/
2. https://www.publicdomainpictures.net/en/view-image.php?image=29417&picture=router
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DOCUMENTATION

C

CONDUCTORS

Zoning Diagram

Corridor and Lounge F2
w O = Temcioch * F2A
H: oy m:-:-h-- | F:zlllﬂt
01 N1-3
FO7 o0V N4-6 nur-qm:-uﬂ F2 (] FZlﬁu
Elevator Lobby CONTROLS F2 F2A
OM » Temeciock and <
oo m g R
1 01 1 +
FO3  010v  El2  TerTigeckcladCeig S F2A
FOSA 010V EL3 =
Mot Qecupancy sensdrs shall b
e B Rl 3 a2 ey
oorupancy of fhe sevaior lobby
will b grrid. Ciortracion o st
SN \ocatony priod 10 rieling
B0 werhy SOSQUSE COVErSgE.
ON = Wisll Mourted Articubatng
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FO1 010V MP1-3 OFF = Wil blosrtad Artgasitong
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CONDUCTORS

Signal Range Diagram

Max Bluetooth Range’
100ft (30.4m)
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CONDUCTORS
One-line Diagram
rr———""">">"""""""""—"""""""" —i_ ___________ —|r ____________________________ R
Wireless I Contact Closure I Wired
| |
y ﬁgfﬁﬁﬁgﬁensor I:LEFD?.:’apeater Cti'o‘tad Output Cc[lElact Input ;I'erceclock
" L m

@ @
L

& e S 7
| (.U_-EV\ ECHO BUS TO EXPANSION BRIDGE 7 &
E | E L/ 24Y FROM ECHO POWER SUPPLY
|
|
|

®) ([

g

o808

Occupancy sensors send "open" signal to normally closed contact. Normally closed output contact Maintained input signals circulation lighting to go to high preset.

Repeaters used as needed to ensure adequate coverage. | connected 1-for-1 with input Loss of input signals circulation lighting to go to low preset.
| contact. Program input contact Timeclock sends blink warning and override commands at pre-determined
| for maintained input signal. | times. Keypad overrides timeclock off preset during blink warning.
L 4 B J
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A PROTOCOL IS

A common and standardized set of rules that
allow devices to communicate with each
other. A protocol will also employ a topology
for device-device connectivity.
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PROTOCOL

EXAMPLES

0-10V

Uses two low voltage conductors
Hardwired terminations

10V = Full

<1V = Lowest output

Requires a relay to turn off

Driver provides voltage, dimmer
reduces voltage

S\
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EXAMPLES

Wi-Fi

» Uses wireless gateways and
transceivers

 Uses CAT5 between local devices

« Gateways often need line voltage
or transformer for power

« Commands are given from a
source and distributed by
gateways

« Can dim to OFF without a relay
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EXAMPLES

Bluetooth Mesh ﬂ /ﬂ\

« Radio frequency wireless signal
. . " N

» Uses wireless transceivers
« |P addresses for all devices H /ﬂ\ hg /f\”/ﬁ\
* Does not require a gateway TN SN S
« Commands are given from a /\ \q-»

source and repeated /2N /t /TN
« Can dim to OFF without a relay

leducation.org
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PRE-DRIVER VS. POST-DRIVER

* Pre-driver is between the energy source and the driver
* Post-driver is between the driver and the LED

/N e

DIMMER LED

2 &
\ j
IveR PO,

DRIVER
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PROTOCOL

Zoning Diagram

Corridor and Lounge F2
w O = Temcioch * FZA
5% = Timeciock. | F2A
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FOSA 010V EL3 s = -
Mot Decupancy seenons shall be
SarPabd B IRk S P Sy
oorupancy of fhe sevaior lobby
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FO1 010V MP1-3 OFF = Wil blosrtad Artgasitong
Foz 010V MP4-5 Vacancy Sensor
Fid 010V MP7-5 Priset = 4 Scares Preset
FO5 010V MP10-11
Dremerang « Marmasl Scene Dhrmmang
B Gl (hSnriid Py
sty Egeciy Pttt 000 19
Runction and dim
with ponfroiler.
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PROTOCOL

Signal Range Diagram
Max Bluetooth Range'

100ft (30.4m)
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¢\ DOCUMENTATION

Occupancy sensors send "open" signal to normally closed contact. Normally closed output contact Maintained input signals circulation lighting to go to high preset.

E l_i_, E @ 24V FROM ECHO POWER SUPPLY UEV 0808/
|
|

PROTOCOL . .
One-line Diagram
r-r-—————-— " T I
I | | .
. Wireless | Contact Closure | Wired
I I I
I | I
I Occupancy Sensor Repeater Coptact Output Contact Input Timeclock
| @ .i @ e i ﬁ
| ) ( ) ( ©oee nE] El- o 7
| | (E‘\ /'_‘\ ECHO BUS TO EXPANSION BRIDGE 4 y
I | —
I
I
I |
| Repeaters used as needed to ensure adequate coverage. | connected 1-for-1 with input Loss of input signals circulation lighting to go to low preset.
| | contact. Program input contact Timeclock sends blink warning and override commands at pre-determined
| | for maintained input signal. | times. Keypad overrides timeclock off preset during blink warning.
L S B
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INTERFACE wﬁm

The means by which independent and often
unrelated systems interact or communication is
achieved.

-
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s\ EXAMPLES

INTERFACE

Wireless Router

Image Credit: https://freesvg.org/wireless-router-22770
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M

* Integral Sensor

&/

High Bay or Low Bay Light Fixture
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<\ DOCUMENTATION

INTERFACE

Control Intent Narrative

1. Integral and remote occupancy and daylight sensors for individual light fixture
control:
A. Each light fixture has its own zone for independent control
B. Each light fixture has its own occupancy sensor
C. Each light fixture in daylight zones has its own daylight sensor
2. Wireless lighting controls with web accessible user interface to do the following:
A. Identify lighting zones and status
B. Toggle and dim lighting zones
C. Collect occupancy data and space utilization
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35 YDOCUMENTATION

INTERFACE

Sequence of Operations
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INTERFACE

Device Layout and Schedule

Legand
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INTERFACE
One-line and Wiring Diagram
rr———""">">"""""""""—"""""""" —i_ ___________ —|r ____________________________ R
Wireless I Contact Closure I Wired
| |
y ﬁgfﬁﬁﬁgﬁensor I:LEFD?.:’apeater Cti'o‘tad Output Cc[lElact Input ;I'erceclock
" L m

@ @
L

& e S 7
| (.U_-EV\ ECHO BUS TO EXPANSION BRIDGE 7 &
E | E L/ 24Y FROM ECHO POWER SUPPLY
|
|
|

®) ([

g

o808

Occupancy sensors send "open" signal to normally closed contact. Normally closed output contact Maintained input signals circulation lighting to go to high preset.

Repeaters used as needed to ensure adequate coverage. | connected 1-for-1 with input Loss of input signals circulation lighting to go to low preset.
| contact. Program input contact Timeclock sends blink warning and override commands at pre-determined
| for maintained input signal. | times. Keypad overrides timeclock off preset during blink warning.
L 4 B J
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INTERFACE

DOCUMENTATION

The “Specs”

PART 2 PRODUCTS

2.01 0-10V Dimming Controller

A.

General

1. Basis of Design:

2.  Convert DMX512 signal to analogue DC.
3. Convert DMX512 signal to relay control.
4

Variants:
a. Variant 1: Eight relays.
b. Variant 2: Sixteen relays.
Mechanical
1. Housing:
a. Type 1 NEMA enclosure.
b. Black powder coat 18-gauge steel.
c. Four 3/4inch, 1-inch, 1.25-inch line voltage conduit knockouts.
d. Two 3/4-inch low voltage conduit knockouts.
e. Front hinged cover.
f.  Steelinternal dead front hinged door and high voltage barrier.
2.  Mounting: Four round keyholes.
3. Ports:
a. Two 3-pin male headers for DMX512.

b
C.
d

One 14-pin double row male header for power in.

Four 10-pin double row male headers for relay output and input.

One 3-pin male header for contact closure.

leducation.org
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Building a Project Specification:
Tips and Tricks

* Use manufacturer guideform specifications

 Most manufacturers will assist with drawings,
wiring diagrams

» Refer to previous similar projects to leverage prior
work

* New guide from PNNL

Gpviare Cmcadesy Ml kg Corurmanting &
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Applications

e |deal for retrofits

— Reduces materials and installation
costs by reducing need for wiring

— Easy to scale over time

— Flexible for challenging installation
environments (concrete
construction, historically significant
structures)
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Applications

e Great fit for new construction

— Scalability and ease of adjustability for
commercial office space

— Dynamic scene control for hospitality and
retail

— Ease of use for education
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Applications

* Robust enough for outdoor projects

— Area lighting
— Sports fields

— Parking lots

— Parking garages
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Learnings from the Field

No longer ‘early adoption’ stage . . . millions of
square feet of installed wireless mesh projects

in operation > 2 years

Many manufacturers have published case
studies on these projects that can provide
insights into best practices and challenges
encountered

Image credit: Packback.co

leducation.org
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Learnings from the Field: Range Anxiety

* Unanticipated environmental aspects can
iImpact range
— tree canopies in outdoor applications
— wind in parking structures

* If these are possibilities, spec in more
nodes to boost range

{ERE
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Learnings from the Field: Zone control or LLLC?

=
FE

* It doesn’t have to be an ‘either/or’ proposition o
unless project goals specifically drive to one outcome e

* Consider using both for different project spaces S

e Consider using zone control as a ‘starting point’ since
one of the benefits of wireless mesh is ease of future —

scalability
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Learnings from the Field: Gateway or

No Gateway?

Let the project goals drive this decision

Many wireless mesh systems don’t require gateways for
basic functionality but do for advanced capabilities |-

How important are:

— Remote access
— Data on occupancy patterns

------

— Data on energy usage

leducation.org
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Additional Resources

e Lighting Controls Association

— Education Express
— LCATV

e Bluetooth mesh or Bluetooth NLC

* Zigbee

e |ES elLearning Portal

* Pacific Northwest National Lab (PNNL)

e Lighting Controls Podcast

ieaducacion.org


https://lightingcontrolsassociation.org/
https://www.bluetooth.com/
https://www.digi.com/solutions/by-technology/zigbee-wireless-standard
https://elearning.ies.org/
https://www.pnnl.gov/projects/observational-research/research-and-publications
https://www.lightingcontrolspodcast.com/
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This concludes The American Institute of Architects Continuing
Education Systems Course

webster@penumbracontrols.com

C. Webster Marsh:
rrenner@mcwonginc.com

Rita Renner:

«80La,,
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