WO 2014/018234 PCT/US2013/048985
High-Voltage Dimming
Manager Manager Control
CPU and associated Luminaire
104 circuitry
Energy Power | 110
Meter
122
High Power \
(External/Battery)
Lighting Control Sub-
VO | |Power System
100
vy
C icati
On&?ggfj on Communication Smart Sensor Smart Sensor
Interface CPU System
102
130 135
y
A A A A y
Sensor 140
Light Motion Temperature Camera Air Quality
Sensor Sensor Sensor Sensor
141 142 143 144 145

FIGURE 1




WO 2014/018234

2/15

Communication
Channel
{Communication with
External Device)
<«

Lighting Control
Sub-System
100

Sensor
140

Comm.
Interface
130

Controller
120

Luminaire
110

Lighting Control
Sub-System
101

Sensor
140

Comm.
Interface
130

Controller
120

Luminaire
110

FIGURE 2

PCT/US2013/048985

Lighting Control
Sub-System
102

Sensor
140

Comm.
Interface
130

Controller
120

Luminaire
110




WO 2014/018234 PCT/US2013/048985

3/15

Central Controller

10
Communication
Channel
Lighting Control Lighting Control Lighting Control
Sub-System Sub-System Sub-System
100 101 102
Sensor Sensor Sensor
140 140 140
Comm. Comm. Comm.
Interface Interface Interface
130 < 130 i ™ 130
H B
Controller Controller Controller
120 120 120
Luminaire Luminaire Luminaire
110 110 110

FIGURE 3



WO 2014/018234 PCT/US2013/048985

Logical
Group
410
Lighting Control Lighting Control Lighting Control
Sub-System Sub-System Sub-System
100 101 102
Sensor Sensor Sensor
140 140 140
Communication
Channel
{Communication with Comm. Comm. Comm.
. External Device) Interface Interface Interface
- 130 130 EEEE 130
Controller Controller Controller
120 120 120
Luminaire Luminaire Luminaire
110 110 110

FIGURE 4



WO 2014/018234 PCT/US2013/048985

User
Interface
Alternate External Central Controller 520
Device 2V
530 310
Communication
Channel
Lighting Control Lighting Control Lighting Control
Sub-System Sub-System Sub-System
100 101 102
Sensor Sensor Sensor
140 140 140
Comm. Comm. Comm.
Interface Interface Interface
130 < 130 ~ ™ 130
[ |
Controller Controller Controller
120 120 120
Luminaire Luminaire Luminaire
110 110 110
Logical
Group
510

FIGURE 5



WO 2014/018234 PCT/US2013/048985

6/15

A sensor of the lighting control sub-system generating a sensed input

10

Controlling, by a controller of the lighting control sub-system, a light output of
the luminaire based at least in part on the sensed input
620

Communicating, by the controller of the lighting control sub-system, at least one
of state or sensed information to the external device

30

FIGURE 6



WO 2014/018234 PCT/US2013/048985

7/15
Utility
Smart
710 \ Meter
Wireless Interface
i 740
A\
L1 L2 L3
v 21 723 725
A A A
Central / . .
A lit
Controller y Iéein;aolry
720
A J
L4 L4 L6
122 124 726
Light Motion Temp. Camera

Sensor Sensor Sensor

FIGURE 7



WO 2014/018234

Communication
Channel

-
|

PCT/US2013/048985
Unified Controller, Sensor
and Actuator
> Controller Control Light Unit
820 840
4 A T A 4
Light Motion Temperature Camera Air Quality
Sensor Sensor Sensor Sensor
831 832 833 834 834

FIGURE 8




WO 2014/018234 PCT/US2013/048985
9/15
A
Steady
Start
Up State
Operation
Sensor(s)
librati
Default Profile 2 ration
Triggered Triggered  Triggered
Sensing  Sensing Sensing
| |
t1 t2 t3
Time
Power Up

(t0)

FIGURE 9



WO 2014/018234 PCT/US2013/048985

10/15
Steady
State
A Operation
of
Light1
Change Damping
P Interval q
Triggered
Sensing
Fixed Adjustment
- Interval J Light
Random Level
Time Adjustment
Delay /
' ' >

Time

e - "

Cycle Until Target
Level has been reached

—— o

Initial Stabilization Repeat Upon Next
Time Triggered
Sensing

FIGURE 10



WO 2014/018234

A
11/15

Target Level

PCT/US2013/048985

Acceptable Level -

Light Level

*\\\\Dﬂﬂ

Initial
Level

Delta 2

Fixed Adjustment Interval
+

Random Time Delay

FIGURE 11



WO 2014/018234

12/15

Power On
1201

PCT/US2013/048985

Interupt
1203

Occupany
Detected?
1204

Sleep Poll
1205

Light Level

at Target ?
1206

Light Level
Acceptable ?
1207

Large Delta Change
1208

Small Delta Change
1209

v

Random Delay

1210

Increase Light by
Delta
1211

Sleep Until Fixed
Adjustment Interval
1213

Light Level
Change Effective ?
1212

FIGURE 12

Abort, Recompute
Target Level
1214




WO 2014/018234 PCT/US2013/048985

13/15

Delta 3

Light Level

Initial
Level

Target Level

\J

Fixed Adjustment Interval
+

Random Time Delay

FIGURE 13



WO 2014/018234

Interupt
1401

14/15

PCT/US2013/048985

Occupany
Detected?
1402

Light Level

at Target ?
1403

Damping Interval ?
1406

Sleep Poll
1405

Reset Change
Damping Interval
1404

Change within Change

Small Delta Change
1407

Decrease Light by
Delta
1408

Sleep Until Fixed
— Adjustment Interval
1410

Light Level
Change Effective ?
1409

FIGURE 14

Abort, Recompute
Target Level
1411




WO 2014/018234 PCT/US2013/048985

15/15

DETECTING A LIGHT ADJUSTING TRIGGER EVENT

151

SELECTING A RANDOM DELAY TIME

—
(o
N
(@)

ADJUSTING THE LIGHT, WHEREIN THE LIGHT ADJUSTMENT
OCCURS THE RANDOM DELAY TIME AFTER DETECTING THE
LIGHT ADJUSTING TRIGGER EVENT

1530

FIGURE 15



