US008614552B2

a2z United States Patent (10) Patent No.: US 8,614,552 B2
Campbell et al. (45) Date of Patent: Dec. 24, 2013
(54) DETECTION OF THE POSITION OF AN ELV 5882; 85833% :} ggggg Q’Van Meurs
u
DIMMER FOR CONTROLLING OPERATION 3008/0246414 Al 10/2008 Xu et al.
OF AN ISOLATED ELECTRICAL LOAD 2008/0252233 Al 10/2008 Wu
2009/0160358 Al 6/2009 Leiderman
(75) Inventors: Gregory Campbell, Walpole, MA (US); 2009/0200952 A1 8/2009 King
: ; 2009/0284182 Al 112009 Cencur
g’seph ﬁﬁhaeé DiBartolo, South 2010/0102753 Al 4/2010 Pilz
oston, MA (US) 2010/0181935 Al 7/2010 Wu
2010/0289430 Al  11/2010 Stelzer et al.
(73) Assignee: Lumenpulse Lighting, Inc., Montreal, 2010/0301751 Al 12/2010 Chobot et al.
Quebec (CA) 2011/0084623 Al 4/2011 Barrow
2011/0101877 AL* 52011 Zhanetal. ...occococnn. 315/206
. . . . s 2011/0121754 Al* 5/2011 Shteynberg et al. .. 315/294
(*) Notice: Subject. to any dlsclalmer,. the term of this 2011/0291583 Al* 122011 Shen .. ... 315287
patent is extended or adjusted under 35 2012/0235585 Al*  9/2012 Lysetal. ... .. 315/200 R
U.S.C. 154(b) by O days. 2012/0274216 Al* 11/2012 Datta ...... .. 315/127
2012/0319608 Al* 12/2012 Xuetal. ....ccocovrnene 315/208
(21) Appl. No.: 13/345,079 * cited by examiner
(22) Filed: Jan. 6, 2012 Primary Examiner — Douglas W Owens
. s Assistant Examiner — Jonathan Cooper
(65) Prior Publication Data (74) Attorney, Agent, or Firm — Pierce Atwood LLP; Joseph
US 2013/0175944 A1l Jul. 11, 2013 M. Maraia
(51) Imt.ClL (57) ABSTRACT
HOSB 41/14 (2006.01) A system and process for controlling power delivered to an
(52) US.CL electrical load, such as lighting system, to controllably effect
UsPC .......... 315/291; 315/294; 315/297; 315/312; operation of the load (e.g., intensity of illumination). In at
315/209 R least some embodiments, the system and process interpret a
(58) Field of Classification Search user-adjustable setting of a typical electronic low voltage
USPC oo, 315/291, 209 R, 294, 297 (ELV) dimmer control device that is otherwise isolated from
See application file for complete search history. facility AC power. An electrical stimulus, such as a relatively
low power AC or DC voltage, is applied at one or more
(56) References Cited externally accessible terminals of the ELV dimmer control.
An electrical response of the dimmer control to the stimulus
U.S. PATENT DOCUMENTS is measured at one or more externally accessible terminals of
7,242,150 B2 7/2007 Delonge et al. the dimmer control. The electrical response varies according
7,511,628 B2 3/2009 Salvestrini to the applied electrical stimulus and a user-adjustable setting
7,808,191 B2  10/2010 Wu of the dimmer control. An indication of the setting of the
7,839,095 B2 11/2010 Ballenger et al. user-adjustable control is determined from the measured
200 67/6%8882’558 ?1 421%8(1) é g;lhenger et al f:lectrical response, and used to correspondingly dim a light-
2006/0255745 Al1* 11/2006 DeJonge etal. ... 315/209R  Ingsource.
2006/0255959 Al  11/2006 Salvestrini
2008/0093997 Al* 4/2008 Chenetal. ................ 315/224 26 Claims, 10 Drawing Sheets
ADJUSTABLE POWER
LIGHT FEED 200
INTENSITY ‘/
\ T / LINE NEUTRAL /23"
/ 21 204 /202
222
w0 o\
LIGHT —]
SOURCE N
|/ Power 22 e 204c \&
220 LINE 5'—‘ J/ T 204b M- 208
NEUTRAL b 28 [ 28
234 % 2324
232

236

------- jss



US 8,614,552 B2

Sheet 1 of 10

Dec. 24,2013

U.S. Patent

7 914

AAO NI

// \ FIAD 2V JALLYEIN

LAY IOTHS

NS

N

N

<---f---> /

FWLL | 4 e

/Al

/

--->

/

NO NariL

S/

\ A0 N
WoOSIA N

TIVWIG

FIPAZ 2V FATLISS

<

INISEOH2
Q3L

N )
FGUITTIWY



US 8,614,552 B2

Sheet 2 of 10

Dec. 24,2013

U.S. Patent

g 914

IV 30187

m / TFALOIN
1
1
| AALIIDHI ¥ia - 2via
m TOMLNGT M % ed
| AHLO O e e
1
!
N ~ b - -
m 901 7
1
1
1
“ FAHUXES OL LLNO
' 230N //
1
L ALY e
L TOULNDD
| HIHLO O
1
: —
“ 07 / INTT
o ____ ||||||||||||||||||||||||||||||._

\ BpOr

200



US 8,614,552 B2

Sheet 3 of 10

Dec. 24,2013

U.S. Patent

£ 21

QQwN —

]

b2Eg

774

3 s PEZ

THHLIIIN

T

lL

G&02 1

2EOC b

iz

iz

27

INIT
L

27

e

IS
LHETT

SIMOd 1|

z2ee

o0e

AL

INIT

ALTENALNT
LHITT
FIEVLSILGY

/N

/




U.S. Patent

250

Dec. 24, 2013 Sheet 4 of 10

US 8,614,552 B2

25z

APPLYING ELECTRICAL STIMULUS TO
EXTERNALLY ACCESSIALE TERMINAL
OF DIMMER

254

MEASURING ELECTRICAL RESFONSE
AT EXTERNALLY ACCESSIBLE
TERMINAL OF DIMMER

256

DETERMINING INDICATION OF
SETTING OF USER-ADIUSTABLE
DIMMER CONTROL

258

DIMMING LIGHT SOURCE RESPONSIVE
TO DETERMINED DIMMER SETTING

FI6. 4



U.S. Patent Dec. 24, 2013 Sheet 5 of 10 US 8,614,552 B2

e6e

APPLYING ELECTRICAL STTMULUS TO /
ELV DIMMER

i 64

MEASURING ELECTRICAL RESPUNSE —/
AT EXTERNALLY ACCESSIBLE
TERMINAL{S) OF ELY DIMMER

, 266

DETERMINING INDICATION OF /
SETTING OF USER-ADJUSTABLE ELYV
DIMMER CONTROL

, 268

PROVIDE DETERMINED INDICATION /
OF SETTING TO ADJUSTABLE LED
POWER SOURCE

FIG. 5



US 8,614,552 B2

Sheet 6 of 10

Dec. 24,2013

U.S. Patent

Y9 914

viz

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
I
I
I
1
O
'QT.
R
1
1
1
1
1
1
1
1
1
1
1
1
AN
-

k\wg\m

|

\ A5AL OV NI A

O O

908




US 8,614,552 B2

Sheet 7 of 10

Dec. 24,2013

U.S. Patent

90c

g9 914

L5HE 2y Z.N\w



US 8,614,552 B2

Sheet 8 of 10

Dec. 24,2013

U.S. Patent

20 I
T T T T T T T T T T T T T T T T T T T TSI ST ST T T EEEEEE e 1
........................ ! GEOZ m H _
m m “ w NO 7405 m
! N A dWvdo
[ —t m
1O “ m g m WX m
S m o oAt :
et il L DOA+ !
Q0Z ! .-------------------./. ................. '
m #IZ R_V|o
oy m 20
m (NFO)
\ L2074
202

AN i

L5 2y \(LMA



US 8,614,552 B2

Sheet 9 of 10

Dec. 24,2013

U.S. Patent

£ 914

INILLFS
02423430
>
|||||||||||||||||||||||| 1 QV%N gic
13
“ A
[ "
Lo |
! ]
1
’ S S
(W
o ) e W
N \\ 1
902 \ |
|
7y L ov0e -
"\ o ¢
1
1
L Ndo) o
m s - 20N+
I7e




US 8,614,552 B2

Sheet 10 of 10

Dec. 24,2013

U.S. Patent

§ 914

INILLFS
GALF130

S
| ettt 4 —_—
e oIT
ZiT
\ _ gef

o

“

|

“ i

| :

m 19 m . V\

1 1 -

m PO T . £x

" AN

1 1 ] 1

1 —mmu_ 7 1 W

| o &2 4
o0z _ . _
1 1

m _ 224

“ 2y | oroz

| ( ©

_ " O ®

| i

“ L (NGao) S/ -~
1 I

iMs I

e e e e e e e == 1 —_
AIE
Ol
02



US 8,614,552 B2

1
DETECTION OF THE POSITION OF AN ELV
DIMMER FOR CONTROLLING OPERATION
OF AN ISOLATED ELECTRICAL LOAD

BACKGROUND

1. Technical Field

This application relates generally to the field of lighting.
More particularly, this application relates to the technology of
controlling electrical loads, such as the intensity (i.e., dim-
ming) of lighting sources.

2. Background Information

Presently, there are a variety of lighting sources in wide-
spread commercial use. Some popular examples include
incandescent, fluorescent, and solid state (e.g., light emitting
diode (LED)) lighting sources. Even within certain lighting
categories, there can be further distinctions, such as incan-
descent lighting operating at AC line-voltage levels (e.g.,
120V, 60 Hz), or at DC low voltage (e.g., 6, 12, or 24 volts).
Lighting sources operating at DC low voltages can be further
distinguished into those using magnetic transformers and
those using electronic (e.g., solid state) transformers. LED
lighting sources typically require a matched LED driver, or
power supply, providing the appropriate driving current and
voltage levels dependent upon the nature of the LED lighting
source.

In many lighting applications it is desirable to provide
some measure of control to allow for variability of one or
more attributes of the lighting source beyond simply “on” and
“oft” For example, a dimmer control can be provided to
otherwise control the power delivered to the lighting source to
achieve desired illumination intensity. Each type of lighting
source (load types) has individual characteristics that gener-
ally require special types of dimmers. It is important to use a
dimmer that is designed, tested, and UL listed for the specific
lighting source/load type.

Dimmer controls can be user accessible, for example, as in
wall switch styles providing a user adjustable control, such as
a rotary knob, a sliding switch and electronically controllable
switches (e.g., capacitively coupled). A user adjustment of the
control is automatically converted by the dimmer into a cor-
responding power adjustment, for example, allowing a con-
tinuous adjustment of the resulting illumination from a maxi-
mum power (e.g., full on) to a minimum power (e.g., off). As
a consequence of fundamental differences between the vari-
ous lighting sources, a dimmer for one might not work with
another. Thus, a dimmer control suitable for incandescent
lighting may not be suitable for fluorescent or solid state
lighting sources.

One such class of dimmer controls is referred to as elec-
tronic low voltage (ELV) dimmer controls. ELV dimmer con-
trols are suitable for adjusting electrical power (e.g., average
or RMS power) distributed to a low-voltage lighting source
powered by electronic transformers, and therefore its light
output, by effectively “chopping” the AC voltage waveform
that is supplied to the lighting source as power. The particular
chopping format used in ELV dimmers is commonly referred
to as “trailing edge dimming” or “reverse-phase control.”” At
its full brightness setting, the ELV dimmer control allows
most, if not all, of the AC power waveform to pass through it,
to power the light. As the dimmer control is adjusted to a
dimmer setting, the second half period of each of the positive
and negative portions of each AC power cycle is chopped by
a value proportional to the position of an internal potentiom-
eter. A dimmer setting results in a lower average (e.g., RMS)
power over the period, resulting in corresponding reduction
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of illumination output. An example of such a chopped AC
waveform is illustrated in FIG. 1.

A waveform of a typical AC power cycle is represented by
a sine wave having a period T, (e.g., T=16.7 msec for a 60 Hz
power). The period includes a positive half cycle and a nega-
tive half cycle. An example of a trailing edge chopping
includes a sudden and precipitous change in the AC voltage to
substantially zero volts, as shown by the vertical portions of
the waveform occurring at T/2—t and T—t. The AC voltage
sine wave resumes upon each zero crossing until the next
chopped portion, the pattern repeating for each AC cycle.
Adjustment of the user adjustable control changes the posi-
tion of the chopped portion (e.g., T), such that the resulting
waveform has greater or lesser average power.

Unfortunately, such dimmers are generally not well suited
for LED lighting sources. Such solid-state lighting applica-
tions generally include a power supply converting facility AC
power to power suitable for the solid state lighting. In par-
ticular, for LED lighting the direction of current as well as its
amplitude are controlled by such a power supply to provide
desired illumination. As such, digital lighting applications are
typically isolated from the AC mains by the presence of such
a driving power supply. Accordingly, there is no assurance
that providing an ELV chopped AC signal to a driving power
supply associated with solid state lighting will result in the
intended illumination setting, or dimming. In fact, there is no
assurance that the solid state lighting will even operate as
intended when powered by such a chopped AC waveform.

SUMMARY

It would be desirable to overcome the above mentioned
shortcomings and drawbacks associated with the prior art.

Described herein are techniques for controlling power
delivered to a lighting system in order to control the intensity
of illumination of the lighting system. In particular, tech-
niques are described herein for enabling various lighting sys-
tems to use ELV dimmers as a source of input for dimming
solid state or traditional sources, without the typical negative
effects often associated with the use of an ELV dimmer pro-
vided in combination with (e.g., series) such lighting arrange-
ments. Low-power, low-voltage devices and processes are
described for sampling an ELV dimmer’s position, such that
ELV dimmer can be utilized in systems with high voltage
power signals, and without regard to the controlled lighting
technology.

In one aspect, at least one embodiment described herein
provides a process for dimming a light. The process includes
applying an electrical stimulus at a first externally accessible
terminal of a dimmer device. The dimmer device has a user-
adjustable control that is settable between low and high dim-
mer settings. An electrical response is measured at a second
externally accessible terminal of the dimmer device. The
electrical response is responsive to the applied electrical
stimulus and a setting of the user-adjustable control. An indi-
cation of the setting of the user-adjustable control is deter-
mined from the measured electrical response, and a light
source is dimmed responsive to the determined dimmer
device setting.

In another aspect, at least one embodiment described
herein provides a system for dimming a light. The system
includes an electrical power converter that is adapted for
converting an AC line voltage to a preferred electrical stimu-
lus. The preferred electrical stimulus is suitable for driving at
least one externally accessible terminal of a dimmer control
device having a user-adjustable control input settable
between low and high dimmer settings. The system further
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includes an electrical signal detector adapted for measuring at
an externally accessible terminal of the dimmer control
device, an electrical response of the dimmer control device to
the preferred electrical stimulus. The electrical response is
indicative of a setting of the user adjustable control input. A
signal converter is provided in electrical communication with
the electrical signal detector. The signal converter is adapted
for converting the measured electrical response to a dimmer
control signal indicative of the setting of the user adjustable
control input.

In yet another aspect, at least one embodiment described
herein provides a system for detecting a setting of a line
voltage dimmable controller. The system includes means for
applying an electrical stimulus at a first externally accessible
terminal of a dimmer device. The dimmer device has a user-
adjustable control settable between low and high dimmer
settings. The system also includes means for measuring an
electrical response at a second externally accessible terminal
of'the dimmer device. The electrical response is responsive to
the applied electrical stimulus and a setting of the user-ad-
justable control. Means for determining from the measured
electrical response an indication of the setting of the user-
adjustable control are also provided, as are means for dim-
ming a light source responsive to the determined dimmer
device setting.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is further described in the detailed
description which follows, in reference to the noted plurality
of drawings by way of non-limiting examples of exemplary
embodiments of the present invention, in which like reference
numerals represent similar parts throughout the several views
of the drawings, and wherein:

FIG. 11is a graph of an example of a chopped AC waveform
produced by an ELV dimmer control under normal operation;

FIG. 2 is a block diagram of an embodiment of an ELV
dimmer circuit;

FIG. 3 is a functional block diagram of system for deter-
mining a setting of a dimmer control and dimming a light
source responsive to the determined setting;

FIG. 4 is a flow diagram of an embodiment of a process for
determining a setting of a dimmer control and dimming a light
source responsive to the determined setting;

FIG. 5 is a flow diagram of another embodiment of a
process for determining a setting of a dimmer control and
providing an indication of the determined setting to an adjust-
able LED power source;

FIG. 6 A is a circuit diagram of an embodiment of a detector
configured for determining a setting of a dimmer control in
response to AC stimulus;

FIG. 6B is a circuit diagram of another embodiment of a
detector configured for determining a setting of a dimmer
control in response to AC stimulus;

FIG. 6C is a circuit diagram of yet another embodiment of
a detector configured for determining a setting of a dimmer
control in response to AC stimulus;

FIG. 7 is a circuit diagram of an embodiment of a detector
configured for determining a setting of a dimmer control in
response to DC stimulus; and

FIG. 8 is a more detailed circuit diagram of an embodiment
of the detector illustrated in FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following detailed description of the preferred
embodiments, reference is made to accompanying drawings,
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4

which form a part thereof, and within which are shown by
way of illustration, specific embodiments, by which the
invention may be practiced. It is to be understood that other
embodiments may be utilized and structural changes may be
made without departing from the scope of the invention.

The particulars shown herein are by way of example and
for purposes of illustrative discussion of the embodiments of
the present invention only and are presented in the case of
providing what is believed to be the most useful and readily
understood description of the principles and conceptual
aspects of the present invention. In this regard, no attempt is
made to show structural details of the present invention in
more detail than is necessary for the fundamental understand-
ing of the present invention, the description taken with the
drawings making apparent to those skilled in that how the
several forms of the present invention may be embodied in
practice. Further, like reference numbers and designations in
the various drawings indicate like elements.

FIG. 2 depicts an electronic circuit schematic of an
example of an ELV dimmer control 100. The dimmer control
100 includes a housing 102, with at least three externally
accessible ports or terminals 104a, 1045, 104¢ (generally
104). The housing 102 can conform to that of a typical single
or multi-gang electrical switch, suitable for installation
within a standard electrical box. A first externally accessible
terminal 104a is intended under normal operation for con-
necting to a power line, such as a 120 Volt, 60 Hz AC power
line (e.g., LINE). A second externally accessible terminal
1045 is intended under normal operation for connecting to a
power line neutral (e.g., NEUTRAL), and a third externally
accessible terminal 104c¢ is intended under normal operation
for connecting to a controlled device (e.g., OUTPUT TO
FIXTURE). The ELV dimmer control 100 also includes at
least one user adjustable control 106, such as a knob, a dial, a
slideable switch, or the like. In an intended mode of opera-
tion, the typical ELV dimmer control 100 receives facility AC
power input by way of the LINE and NEUTRAL terminals
104a, 1045.

The example dimmer control 100 includes three fixed-
value resistors R1, R2, R4, one potentiometer R3, and one
capacitor C1 connected in series between the LINE and NEU-
TRAL terminals 104a, 104b. In particular, resistors R1 and
R4 are coupled between the LINE and OUTPUT TO FIX-
TURE terminals 1044, 104¢, while resistor R2, potentiometer
R3 and capacitor C1 are coupled between the OUTPUT TO
FIXTURE and NEUTRAL terminals 104¢, 1045. A first
internal node, NODE A, is provided between resistors R1 and
R4, with an electrical interconnect to other internal control
circuitry of the dimmer control 100 (not shown). Likewise,
second internal node, NODE B, is provided between resistor
R3 and capacitor C1, with an electrical interconnect to other
internal control circuitry of the dimmer control 100 (not
shown). In the example circuit, two diodes for alternating
current (DIAC) X1, X2 are coupled in series between NODE
B and the other internal control circuitry. Such DIAC devices
X1, X2 conduct current only after a breakover voltage has
been reached momentarily.

A functional block diagram of system 200 for determining
a setting of a dimmer control and dimming a light source
responsive to the determined setting is shown in FIG. 3. An
ELV dimmer control 202, such as described above, includes
three externally accessible terminals: LINE 204q, NEU-
TRAL 2045 and OUTPUT TO FIXTURE 204c¢, and a user
adjustable control 206. The system 200 also includes an ELV
dimmer adapter 210 coupled between the ELV dimmer con-
trol 202 and an adjustable power supply 220, for example,
adapted to drive a solid-state (i.e., LED) lighting source 222.
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In the illustrative example, the ELV dimmer adapter 210 and
the adjustable power supply 220 receive facility AC power
(i.e., LINE and NEUTRAL), whereas the ELV dimmer con-
trol 202 does not.

In accordance with the techniques described herein, the
ELV dimmer adapter 210 receives AC power and converts the
AC power to a lower-valued, test voltage. The ELV dimmer
control 202 is not connected directly to facility AC power as
would otherwise be done under normal operations. Rather,
the lower-valued test voltage provides an electrical stimulus
to the ELV dimmer control 202, applied to at least one of
terminal 204¢ and terminal 2045 (e.g., between the termi-
nals), while the LINE terminal 2044 is left open circuit, or
otherwise unconnected.

In more detail, the ELV dimmer adapter 210 includes an
internal power supply and/or power converter 212 that con-
verts AC line power to a suitable test voltage. In at least some
embodiments, the adapter 210 also includes a detector 214, a
processor 216 and a communications interface 218. The
detector 214 is coupled to one or more of the OUTPUT TO
FIXTURE and NEUTRAL terminals 204¢, 2045. The detec-
tor 214 is configured to measure an electrical response at one
or more of the first and second externally accessible terminals
2045, 204c¢ of the dimmer device. The measured electrical
response is responsive to the applied test voltage and a setting
of the user-adjustable control 206. The processor 216 is in
electrical communication with the detector 214, such that the
processor 216 receives an indication of the measured electri-
cal response. The processor 216 is configured to determine
from the measured electrical response an indication of the
setting of the user-adjustable control 206. The processor 216
is further in communication with the communications inter-
face 218, which is configured to convey an indication of the
dimmer setting to the adjustable power supply 220. The
adjustable power supply 220, in turn, adjusts an intensity of
illumination provided by the LED lighting source 222 by an
amount corresponding to the user adjustable setting 206.
Thus, ELV dimmers can be used for controlling power deliv-
ered to solid-state as well as traditional lighting systems in
order to control the intensity of illumination, without regard
to the otherwise negative impacts of chopped AC waveforms
typically provided by such dimmers.

In at least some embodiments, the ELV dimmer adapter
210 is also accommodated within a housing 211 that con-
forms to a typical single or multi-gang electrical switch.
Accordingly, in at least some embodiments, such an ELV
dimmer adapter 210 can be installed together with an ELV
dimmer control 202, within a common multi-gang standard
electrical box 230. The box 230 can be fed by an AC power
feed or circuit, which can be split within the box 230 (e.g.,
using wire connectors 232a, 2325) to power the ELV dimmer
adapter 211 and to a second set of electrical conductors 234
providing AC facility power to the adjustable power supply
220. The communications interface 218 can be configured to
convey an indication of the dimmer setting to the adjustable
power supply 220 by any suitable means. Examples include
one or more dedicated lines (e.g., electrical conductors, opti-
cal fibers) 236 (shown in phantom), wirelessly and over avail-
able electrical conductors, such as the AC conductors 234, by
using a suitable power line communications (PL.C) protocol.

FIG. 4 s a flow diagram of an embodiment ofa process 250
for determining a setting of a dimmer control and dimming a
light source in response to the determined control setting. In
particular, a typical ELV dimmer control can be used as a
human interface for adjusting intensity of an LED lighting
source. In a significant departure from a typical installation,
however, the ELV dimmer is not directly connected to facility
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AC power. In fact, in at least some embodiments, an AC line
input terminal is left open or otherwise disconnected. Rather,
an electrical stimulus, such as a relatively low AC or DC
voltage, is applied to one or more of first and second exter-
nally accessible terminals of the dimmer control. The process
includes measuring at one or more of the first and second
externally accessible terminals, an electrical response of the
dimmer control at 254. An indication of setting of the user-
adjustable dimmer control is determined at 256. Such a deter-
mination can include a voltage level, such as an average AC
voltage, a DC representation of the AC voltage, or a time
value associated with a voltage transient. Any such value
indicative of the determined setting can be used to dim a light
source at 258.

Another embodiment of a process 260 for determining a
setting of a dimmer control and for providing an indication of
the determined setting to an adjustable LED power source is
illustrated in FIG. 5. Once again, a typical ELV dimmer
control can be used as a human interface for dimming an LED
lighting source. Similarly to the previous embodiment, the
ELV dimmer control is not directly coupled to facility AC
power, as it would be in a typical installation. The process
includes applying electrical stimulus to an externally acces-
sible terminal of the typical ELV dimmer at 262. An electrical
response is measured at externally accessible terminal(s) of
ELV dimmer at 264. An indication of a setting of user-adjust-
able ELV dimmer control is determined at 266, and the LED
lighting source is dimmed in accordance with the determined
setting at 268.

Sensing Via AC Input

Referring again to FIG. 2, under normal operation, the
series combination of all resistances R1-R4 and the capacitor
C1 form a low pass filter that drives other control circuitry of
the ELV dimmer control 100. Beneficially, the two DIAC
devices X1, X2 allow such other circuitry to be essentially
ignored at low voltage levels, because the DIAC devices X1,
X2 present a high impedance to the timing circuit when their
breakover voltage has not been exceeded (e.g., at low levels).
Such a breakover voltage level may vary, depending upon the
particular device, or device-to-device variations, but it is gen-
erally above about 30 volts, a value much higher than many
microcontroller-based systems require. The circuitry above
NODE C (FIG. 1) may also be ignored if the LINE terminal
104a is left open or otherwise unconnected and the particular
topology insures that there is a high impedance between the
top ““To other control circuitry” and the NEUTRAL terminal
1045. A goal is to sense the position of the potentiometer R3
of'the ELV dimmer control 100 with sufficient specificity, in
order to dim an external light source, such as a digitally
controlled light source, as if the ELV dimmer control 100
were directly affecting the light output of the external light
source. There are various solutions to this problem, such as
the illustrative embodiments described below.

Given the available externally accessible terminals 104, a
relatively low AC test voltage (e.g., less than 30 volts-peak)
can be applied to one or more of (e.g., between) terminals
104¢ and 1045. The frequency of the applied AC voltage can
be chosen based on the values of the components, and in
particular the value of the capacitor C1. For example, a fre-
quency can be chosen such that the impedance of capacitor
C1 is substantially negligible in comparison to that of resistor
R2. Accordingly, it is possible to interconnect an external
resistor network (e.g., within the ELV adapter 210) to the
NEUTRAL terminal 1045, in order to sense the position of
the potentiometer R3. Since C1 resembles or otherwise
approximates a short circuit at such high frequencies, the AC
test voltage applied between terminals 104¢ and 1045 will
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vary at the output of the resistor network according to the
potentiometer R3 setting, and likewise with the position of
the user-adjustable control 106.

In at least some embodiments, the test voltage can be AC
coupled, such that any DC offset of the test voltage at the input
results in a detected voltage that varies by the same amplitude
around zero volts, being negative for part of its period. In at
least some embodiments, detecting AC coupled signal can be
compensated for by using a biasing network, such as the
resistor biasing network as shown in FIG. 6A. Resistance
values of resistors RS and R6 can be chosen based on the
resistance values of the potentiometer R3 and resistor R2, so
that significant voltage amplitude will be present at the out-
put. A DC offset can be determined as the product of a biasing
voltage VCC and the resistor combination of R5/(R5+R6).
Likewise, assuming V ;4 75718 AC coupled (e.g., centered
about zero volts), V . can be determined as set forth below
in Eqn. 1, in which the quantity R5||R6, represents a parallel
combination of resistors R5 and R6, i.e., RSR6/(R5+R6).

(R2 + R3) RS

v Eqn. 1
(R2+ R3+ (R5|IR6Y) ~~°C (RS + R6)

Vour = Viv ac TEsT -

With all other values fixed, the output voltage V - varies
according to the resistance value of the potentiometer R3, and
likewise according the setting of the user-adjustable control
206 (FIG. 2). In the example embodiment, one or more of the
test voltage and the biasing voltages can be supplied by the
power supply 212 of the ELV adapter 210 (FIG. 3).

In at least some embodiments, the output voltage repre-
senting a detected output can be converted, for example, to a
digital value for interpretation by the processor 216. For
example, the processor 216 can translate the detected output
voltage to a control value according to a function, such as a
predetermined lookup table. Alternatively or in addition, the
output voltage can be used to directly drive the communica-
tions interface 218 for controlling the adjustable power sup-
ply 220 of the dimmable illumination source 222.

In some embodiments, the output voltage of the detector
V oo 1s converted or otherwise approximated by a DC volt-
age. For example, such a DC output voltage indicative of the
detected AC signal can be converted to a digital value accord-
ing to an analog-to-digital converter (ADC). Referring to
FIG. 6B, a modified detector 214' includes a capacitor C2
added to the biasing circuit of the previously described detec-
tor 214. For example, the capacitor C2 can be added in a
parallel arrangement with the second biasing resistor R5. The
R-C combination forms a low-pass filter for the output signal
V oo approximating it by a substantially DC value. In such
applications, the capacitor C2 should be significantly larger
than capacitor C1.

In at least some embodiments, the resistance values in the
circuit are most likely high in value (e.g., 10 kQ or higher).
For embodiments in which ADC sample speeds are to be kept
high, a voltage follower circuit can be added to provide a
higher current drive without affecting the amplitude. An
example of another detector 214" illustrated in FIG. 6C,
includes a voltage follower. The circuit is essentially the same
as illustrated in FIG. 6B, except that a voltage follower circuit
is added to the output of the filtered biasing network (i.e.,
resistors R5, R6 and capacitor C2). In the illustrative embodi-
ment, the voltage follower is provided by an operational
amplifier X1, configured to provide unity gain, as shown, with
its non-inverting input coupled to the filtered biasing network.
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Sensing Via DC Input:

An alternate method for determining the position of the
user-adjustable control 206 (i.e., the potentiometer R3) is to
apply a DC voltage (e.g., VCC) at terminal 204¢ (or between
terminal 204¢ and terminal 2045), while terminal 204a is left
open or otherwise unconnected. Referring nextto FIG. 7, in at
least some embodiments, VCC is provided by a power supply
provided within an ELV adapter 311. Thus, in at least some
embodiments VCC can be derived from AC facility power.
The DC voltage VCC is applied to one terminal of a single-
pole-double-throw switch SW1. Another terminal of the
switch SW1 is coupled to ground through a load resistor R7.
In operation, the switch SW1 initially connects the DC volt-
age to terminal 204¢ for a sufficient duration of time to charge
the internal capacitor C1 of the ELV dimmer control 202 to a
full DC voltage through resistors R2 and R3. The switch SW1
can be controlled, for example, by a processor 316 to switch
the terminal 204¢ from the DC voltage to the load resistor R7.
When so configured, the previously charged capacitor C1 is
discharged through the load resistor R7 (or more appropri-
ately, through the combination of resistors R2, R3 and R7).

With all of the other resistance values constant (i.e., R2 and
R7), the time taken to discharge the capacitor C1 is propor-
tional to the value of potentiometer R3. The discharge time
can be sensed using a detector 314, alone or in combination
with a microcontroller (e.g., processor 316). The detector can
include, for example, a voltage level detecting circuit, such as
a comparator, to detect a voltage at terminal 204¢ above or
below a threshold voltage.

In measuring such intervals of time, the ELV adapter 311
can include a timing reference 317. In some embodiments,
the timing reference 317 can be provided by a digital timing
circuit, such as a resettable counter driven by a reliable clock
source. Alternatively or in addition, the timing reference 317
can be received from an external timing source. Thus, the
processor can measure a period of time from the command to
discharge the capacitor (e.g., switch terminal 204¢ from VCC
to resistor R7) to when the voltage at terminal 204¢ falls
below a predetermined discharge value. In at least some
embodiments, the detector 314 and processor 316 also coop-
erate to determine when the capacitor C1 is sufficiently
charged. This can be accomplished, for example, by monitor-
ing the voltage at terminal 204c.

Having determined the discharge time interval, the posi-
tion of the potentiometer R3 (and hence the user-adjustable
setting 206) can be inferred. For example, the detected time
can be determined by the processor 316, which converts the
measured time interval to a dimmer control setting according
to a function, such as a lookup table. The processor 316 can,
in turn, forward a suitable indication of the user-adjustable
control 206 to a dimmable light, for example, through a
suitable communications link, such as a power line commu-
nications link.

It is worth noting that the voltage seen at the microcontrol-
ler input node will be VCC divided between the three resis-
tances in the circuit proportionally. This means that unless
resistor R7 is significantly larger than the highest value of the
potentiometer added to resistor R2 this signal may not be
suitable as a digital input. Resistor R7 can be chosen to
accommodate this, but depending on the value of C1, it may
cause excessive delays in discharging the capacitor if resistor
R2 or potentiometer R3 are large in value. In order to address
such situations, an amplifier can be added to the output to
scale the divided voltage to an appropriate digital level. Alter-
natively or in addition, a comparator can be used to compare
the voltage against the center point of its divided range.
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FIG. 8 illustrates another ELV dimmer adapter 311, in
which the detector 314 of the previous embodiment is imple-
mented by a comparator X3 configured to compare a dis-
charge voltage measured at terminal 204c¢ to a fixed reference
value V. The reference value V. is determined by the
biasing network of resistors R8 and R9, driven by a suitable
DC voltage VCC. In the illustrative example, the reference
value is determined by the product of VCC and the value
R8/(R8+R9).

If the switch SW1 can be switched at a fixed frequency,
such that the measurement can become a duty cycle or per-
centage of the period for which the output is at a high digital
output. These types of outputs may be sensed by a microcon-
troller (e.g., processor 316) as well. Care must be taken to
ensure the period is long enough for full charge and discharge
of the capacitor.

In the above description and appended drawings, it is to be
appreciated that only the terms “consisting of”” and “consist-
ing only of” are to be construed in the limitative sense while
of all other terms are to be construed as being open-ended and
given the broadest possible meaning.

Since certain changes may be made in the above described
improved system for sensing the position of a ELV dimmer,
without departing from the spirit and scope of the invention
herein involved, it is intended that all of the subject matter of
the above description or shown in the accompanying draw-
ings shall be interpreted merely as examples illustrating the
inventive concept herein and shall not be construed as limit-
ing the invention. Additionally, although the illustrative
examples describe varying intensity or otherwise dimming
lighting sources, it is understood that the techniques
described herein can be used to vary other lighting source
attributes, such as color, scene, color temperature, and the
like.

Since certain changes may be made in the above described
high power light emitting diode (LED) lighting unit for
indoor and outdoor lighting functions, without departing
from the spirit and scope of the invention herein involved, it is
intended that all of the subject matter of the above description
or shown in the accompanying drawings shall be interpreted
merely as examples illustrating the inventive concept herein
and shall not be construed as limiting the invention.

Whereas many alterations and modifications of the present
invention will no doubt become apparent to a person of ordi-
nary skill in the art after having read the foregoing descrip-
tion, it is to be understood that the particular embodiments
shown and described by way of illustration are in no way
intended to be considered limiting. Further, the invention has
been described with reference to particular preferred embodi-
ments, but variations within the spirit and scope of the inven-
tion will occur to those skilled in the art. For example,
although the various examples provided herein relate to dim-
ming light sources, similar devices and techniques can be
used for the control of any suitable electrical device, such as
electric motors (e.g., fans) or as may be advantageous in other
aspects of industrial process control. It is noted that the fore-
going examples have been provided merely for the purpose of
explanation and are in no way to be construed as limiting of
the present invention.

While the present invention has been described with refer-
ence to exemplary embodiments, it is understood that the
words, which have been used herein, are words of description
and illustration, rather than words of limitation. Changes may
be made, within the purview of the appended claims, as
presently stated and as amended, without departing from the
scope and spirit of the present invention in its aspects.
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Although the present invention has been described herein
with reference to particular means, materials and embodi-
ments, the present invention is not intended to be limited to
the particulars disclosed herein; rather, the present invention
extends to all functionally equivalent structures, methods and
uses, such as are within the scope of the appended claims.

We claim:

1. A method for dimming a light, comprising:

applying an electrical stimulus at one or more of a first and

second externally accessible terminals of a trailing edge
dimming/reverse phase control ELV dimmer device, the
dimmer device having a variable resistor as a user-ad-
justable control settable between low and high dimmer
settings;

replacing the electrical stimulus with a resistive load and

measuring an electrical response at one or more of the
first and second externally accessible terminals of the
dimmer device, the electrical response being responsive
to the applied electrical stimulus and a setting of the
user-adjustable control;

determining from the measured electrical response an indi-

cation of the setting of the user-adjustable control; and

dimming a light source responsive to the determined dim-

mer device setting.

2. The method of claim 1, wherein the electrical stimulus is
a non-modulated dc voltage.

3. The method of claim 2, further comprising applying a dc
offset to the electrical response, the measured electrical
response including the applied dc offset.

4. The method of claim 2, wherein detecting the electrical
response comprises low-pass filtering the electrical response.

5. The method of claim 1, wherein applying the electrical
stimulus comprises:

applying a dc voltage to substantially fully charge an inter-

nal capacitive load of the dimmer device;
subsequently replacing the applied dc voltage with a resis-
tive load, the resistive load discharging the internal
capacitive load of the dimmer device until the internal
capacitive load is substantially discharged; and

measuring a time between replacement of the applied dc
voltage with the resistive load and discharge of the
capacitive load.

6. A method for determining a setting value of a trailing
edge dimming/reverse phase control user-adjustable ELV
dimmer, comprising:

applying an electrical stimulus to an externally accessible

terminal of the ELV dimmer, the ELV dimmer having a
variable resistor as a user-adjustable control input set-
table between low and high dimmer settings;

replacing the electrical stimulus with a resistive load and

measuring an electrical response at a second externally
accessible terminal of the ELV dimmer, the electrical
response being responsive to the electrical stimulus and
a setting of the user-adjustable control;

determining from the measured electrical response an indi-

cation of the setting of the user-adjustable control.

7. The method of claim 6, wherein the electrical stimulus is
a non-modulated dc voltage.

8. The method of claim 7, further comprising applying a dc
offset to the electrical response, the measured electrical
response including the applied dc offset.

9. The method of claim 7, wherein detecting the electrical
response comprises low-pass filtering the electrical response.

10. The method of claim 6, wherein applying the electrical
stimulus comprises:

applying a dc voltage to substantially fully charge an inter-

nal capacitive load of the ELV dimmer;
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subsequently replacing the applied dc voltage with a resis-
tive load, the resistive load discharging the internal
capacitive load of the ELV dimmer until the internal
capacitive load is substantially discharged; and

measuring a time between replacement of the applied dc
voltage with the resistive load and discharge of the
capacitive load.

11. A system for dimming a light, comprising:

an electrical power converter adapted for converting an AC

line voltage to a non-modulated dc preferred electrical
stimulus suitable for driving at least one externally
accessible terminal of a trailing edge dimming/reverse
phase control ELV dimmer control device having a vari-
able resistor as a user-adjustable control input settable
between low and high dimmer settings;

an electrical signal detector adapted for measuring at an

externally accessible terminal of the dimmer control
device, an electrical response of the dimmer control
device after replacing the preferred electrical stimulus
with a resistive load, the electrical response being
indicative of a setting of the user adjustable control
input; and

a signal converter in electrical communication with the

electrical signal detector, the signal converter adapted
for converting the measured electrical response to a dim-
mer control signal indicative of the setting of the user
adjustable control input.

12. The system of claim 11, further comprising a solid state
light source in communication with the signal converter, the
solid state light source being dimmable in response to the
dimmer control signal.

13. The system of claim 12, wherein the solid state light
source comprises at least one light emitting diode (LED).

14. The system of claim 11, wherein the electrical signal
detector comprises a resistive network in electrical commu-
nication between the at least one externally accessible termi-
nal and the signal converter.

15. The system of claim 14, further comprising a low pass
filter in electrical communication between the at least one
externally accessible terminal and the signal converter.

16. The system of claim 11, wherein the electrical signal
detector comprises a resistive load and a switch in electrical
communication between the electrical power converter, the
resistive load and the at least one externally accessible termi-
nal of the dimmer control device, the switch configured to
selectively connect one of the resistive load and the electrical
power converter to the at least one externally accessible ter-
minal of the dimmer control device.

17. The system of claim 16, further comprising:

a timing reference; and

a processor in communication with the electrical signal

detector, the switch and the timing reference.
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18. The system of claim 11, further comprising:

an adjustable power supply in communication with the
signal converter, the adjustable power supply configured
to provide an output drive current responsive to the dim-
mer control signal; and

a solid-state light source in electrical communication with

the adjustable power supply, the solid-state light source
providing a variable output illumination responsive to
the output drive current.
19. The system of claim 18, further comprising a commu-
nications link between the signal converter and the adjustable
power supply.
20. The system of claim 19, wherein the communications
link comprises a power line communications link.
21. The system of claim 19, further comprising a commu-
nications link between the signal converter and the adjustable
power supply.
22. A system for detecting a setting of a line voltage dim-
mable controller, comprising:
means for applying an electrical stimulus at a first exter-
nally accessible terminal of a trailing edge dimming/
reverse phase control ELV dimmer device, the dimmer
device having a variable resistor as a user-adjustable
control settable between low and high dimmer settings;

means for replacing the electrical stimulus with a resistive
load and measuring an electrical response at a second
externally accessible terminal of the dimmer device, the
electrical response being responsive to the applied elec-
trical stimulus and a setting of the user-adjustable con-
trol;

means for determining from the measured electrical

response an indication of the setting of the user-adjust-
able control; and

means for dimming a light source responsive to the deter-

mined dimmer device setting.

23. The method of claim 1, wherein the variable resistor is
coupled in series between a resistor and capacitor internal to
the conventional ELV dimmer device.

24. The method of claim 23, wherein the resistor is coupled
in series to the first externally accessible terminals of the
conventional ELV dimmer device and the capacitor is
coupled in series to the second externally accessible terminals
of the conventional ELV dimmer device.

25. The system of claim 11, wherein the variable resistor is
coupled in series between a resistor and capacitor internal to
the conventional ELV dimmer device.

26. The system of claim 25, wherein the resistor is coupled
in series to the at least one externally accessible terminals of
the conventional ELV dimmer device and the capacitor is
coupled in series to the at least another externally accessible
terminals of the conventional ELV dimmer device.
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