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(57) ABSTRACT 

An LED lighting device is provided which is capable of 
being connected to a network and being controlled by a host 
computer also connected to the network. The lighting device 
has several lifespan expanding features such as including 
several extra LEDs such that as the LEDs of the lighting 
device degrade over time more LEDs can be turned on thus 
allowing a constant luminosity to be maintained. 



Patent Application Publication Jun. 9, 2005 Sheet 1 0f 18 US 2005/0122064 A1 

F/E. l 



Patent Application Publication Jun. 9, 2005 Sheet 2 0f 18 

\ 00000000000 
.\ 00000000000 
'\ 00000000000 

\ 00000000000 
\ 00000000000 
\ 00000000000 

\ ~ 00000000000_ 

\ 00000000000 
\ 00000000000 

\ 00000000000\ 
\\ GOOOOO OO 

\\ OOOFDOOC) 0O 
W‘ g in“; 

/ 

US 2005/0122064 A1 



Patent Application Publication Jun. 9, 2005 Sheet 3 0f 18 US 2005/0122064 A1 

F/5_ EA 



Patent Application Publication Jun. 9, 2005 Sheet 4 0f 18 US 2005/0122064 A1 

r i , 
33333 .3 3 

U 

\\ 

4 x M , 

w 

20 

Z i 
F751 51 





Patent Application Publication Jun. 9, 2005 Sheet 6 0f 18 US 2005/0122064 A1 

aommnmumnon 150 

I MEASUREMONHOR mmsuamummn 

COWEEAQLON cégg??él?‘ LED#1 REFERENCE + mmmnmcr i 
' A 9' [EVELLH LEVEL n2 

/“152 
smmmsrw V 

VAlUEI 

p156’ 
SENDDEVICE 

SIAIUSINFUHMAHON ' 

172 
p170 T 

SHINTENSIWHO “NOCOMMUNICAHON” 
MAXIMUM V smmsmmcmoa 

(FAST FLASHING) 

[75 F176’ f 
MEASURE MONHOR MEASURE MONITOR 

YES LED#1LEVELH ' LED #mvmz ' 

N0 150 j ‘ F164 
CALCULATE m1 DEGRADATION "END-OF-UFE“ 

FACIOR H smwsmmcmon 
:m/unu/um (mom 

r190 
‘ I 

' 'CLEANINGNEEDEW 

M swusmmcmoa 
(SlOWFLASHING) 

192 i i 17 p196‘ p196 
CALCULATENUMBERNOHED sum LED USAGE TUHNUNNLEASI 

C“§[‘§£§%§H§/%fgm1 ’ UNCHMNS f IIMECOUNIERS ’ usm LED CHAINS 

‘ ‘V 



Patent Application Publication Jun. 9, 2005 Sheet 7 0f 18 US 2005/0122064 A1 

200 

200 

200 

FIE. 5 



Patent Application Publication Jun. 9, 2005 Sheet 8 0f 18 US 2005/0122064 A1 

9% 

2* 51.3% 

3% 

£01.38 

4 

2o 20 2.6 



Patent Application Publication Jun. 9, 2005 Sheet 9 0f 18 US 2005/0122064 A1 

SQ 

mm m |m\h\ 

%% @W 
a w w * 

_ 9% ANN “Wm 
/ / \ g; 

n/ N-z_> 
_ 

2252-2; 

ztogom ...... -- E258 50% E; Ii 

.3 g a 

V V + “T 

gaaogzg " 221% i220 _ 

gsmEw E; 

$335252 
wwzww 5; 

EC 30 



Patent Application Publication Jun. 9, 2005 Sheet 10 0f 18 US 2005/0122064 A1 

HOST PC 

G) 
/ @230 

F/5_lU 



Patent Application Publication Jun. 9, 2005 Sheet 11 0f 18 

HOST PC 

US 2005/0122064 A1 

Jig 
Q 

I 

I 
I 
I 
I 
I 
I 
I 

: 
g 52 

F/EL ll 



Patent Application Publication Jun. 9, 2005 Sheet 12 0f 18 US 2005/0122064 A1 

246' 

F/EJE 



Z50 

Patent Application Publication Jun. 9, 2005 Sheet 13 0f 18 US 2005/0122064 A1 

INITIAUZATION 

'I [F352 354 r256 
SEND 

MEASURE AMBIENT DAYIICHT “SH HIGH'NTENSHYI _ 7 V 

UGHTINTENSIIY INTENSITY. COMMAND 

SEND 
"SETIOW INTENSITY" > 

COMMAND 

W262 
MANUAI SEND SELECTED 
INTENSITY > "SETINTENSITY' 
OVERRIDE YES COMMAND 

_ ‘ NO 

264 ’\ [/7255 
INCREMENT ADDRESS TO SEND 

NEXT DEI/ICE ON 7 "REOUESTSTATUS" > 
NETWORK COMMAND 

270 
ELACDEYICEAS ' _ 

DEFECTIVE IN DATABASE ' 

‘ YES 

STORE DEVICE STATUS IN 
DATABASE 

T /“ 274 _ 

EVALUATE TOTAL SYSTEM Fl 5“ l j 
IUMINOSITYUSING 
DEVICES STATUS 

W275 
DISPLAY 

SYSTEM IUMINOSIIY "CRITICAL FAHUREI _ 7 V 

BEIOIIICRITICAI IEYEI. IND‘CAIOR 0N GUI 

260 I/“Z?Z 
DISPLAY 

MAINTAIN CMMM = 
IEYEI? INDICATOR ON GUI 

NO 





Patent Application Publication Jun. 9, 2005 Sheet 15 0f 18 US 2005/0122064 A1 

mmjmt 
.wmwil 

ll -ll_ll| ll .QQN 
k 

1/ _ 

_| I 

_ _ 

_ 

Tl§mlvf Na. 

qmwimi w 

wmw 



Patent Application Publication Jun. 9, 2005 Sheet 16 0f 18 US 2005/0122064 A1 

mmjmt 

wmcv 



Patent Application Publication Jun. 9, 2005 Sheet 17 0f 18 US 2005/0122064 A1 

Qu 
% 
/ 

F/5.l7fl 312 
j 



Patent Application Publication Jun. 9, 2005 Sheet 18 0f 18 US 2005/0122064 A1 



US 2005/0122064 A1 

LIGHTING DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The current invention is an light emitting diode 
(herein referred to as LED) lighting device having multiple 
features designed to allow the lighting device to maintain 
luminosity as measured in candelas, over its lifespan. The 
invention is also designed so that multiple lighting devices 
can be connected in a netWork controlled by a host com 
puter, such that the general luminosity over an area (eg a 
tunnel) can be controlled. 

[0002] Traditionally, roads and tunnel lighting devices 
have used uses HID (High-Intensity Discharge) lamps, poW 
ered With high-voltage (eg 300 VAC to 400 VAC). 

[0003] Existing roadWay standards divide the length of the 
tunnel into a number of regions. Each region requires a 
lighting intensity (sometimes herein referred to as luminos 
ity) that increases as it is nearer the entrance/exit points 
(because of the presence of higher illumination from the 
sun), and decreases toWards the middle of the tunnel. As an 
example, a typical system can use one 130 W lamp per 1.75 
m per road lane in order to satisfy the daytime speci?cations 
required in the Interior Zone of a tunnel. 

[0004] A problem With current tunnel lighting lamps is 
With lifespan. In a typical tunnel lamp Which uses one or 
maybe tWo illumination sources, the lighting device can 
easily become unuseable should the illumination source 
break doWn. In these cases the illumination sources need to 
be replaced manually before the lighting device can again 
provide suf?cient light. It also is necessary to close lanes in 
the tunnel While the maintenance is in progress. Thus 
maintenance of lighting devices can become costly and time 
consuming. 
[0005] Therefore, a neW lighting device Which alloWs for 
a longer lifespan Without maintenance is desired. The 
present invention attempts to provide such a lighting device 
using LEDs as illumination sources. While an individual 
LEDs is on its oWn not suf?cient to provide lighting for a 
tunnel, LEDs only cost a fraction of What a typical HID lamp 
Would cost. An LED further uses much less poWer than that 
of a typical HID lamp. Therefore, a plurality of LEDs can be 
provided for a lighting device and the cost and poWer usage 
Would still be beloW that of a typical HID lamp. For instance 
a example LED lighting device could provide lighting for 
the interior of a tunnel, While using 780 LEDs and being 
poWered by a 24 VDC poWer supply. 

[0006] LED lighting devices are knoWn in the art, though 
most of these lighting devices, are use for making billboards 
and traffic signals. Examples these kinds of lighting devices 
can be found in US. Pat. No. 6,175,342 Nicholson et al., 
US. Pat. No. 6,150,771 Perry, US. Pat. No. 6,150,996 
Nicholson et al., US. Pat. No. 5,514,698 Nicholson et al., 
US. Pat. No. 4,357,671 Miller, US. Pat. No. 4,271,408 
Teshima et al., and US. Pat. No. 4,298,869 Okuno. 

[0007] Using a plurality of LEDs as a replacement for an 
standard illumination source is less common, but are for 
instance described in US. Pat. No. 6,255,786 Yen, and US. 
Pat. No. 6,211,626 Lys et al. These lighting devices shoW 
that LEDs can be used to replace more standard illumination 
sources. They do, hoWever, not have features Which alloW 
for a constant luminosity to be maintained over an extended 
lifespan. 
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[0008] Certain patents, such as US. Pat. No. 6,236,331 B1 
Dussurealt, US. Pat. No. 6,153,985 Grossman, and US. Pat. 
No. 5,783,909 Hochstein, propose to compensate for long 
term LED degradation through a variable current. In these 
lighting devices, Which deal mostly With traffic lights, the 
luminosity output of traf?c lights using LEDs is stabiliZed by 
varying the current ?oW. The lighting devices measure the 
luminosity output of the LEDs and either increase or 
decrease the current being supplied to the LEDs as a result. 
The current control is usually performed either through 
proportional DC (Direct Current) control, or through PWM 
(Pulse Width Modulation) of the LED supply. In the context 
of roadWay or tunnel lighting, the use of PWM to control the 
LED intensity may be problematic. This is because it can 
lead to visible stroboscopic beat effects in the light super 
position of multiple lighting devices each having slightly 
different, non-synchronized PWM frequencies. 

[0009] It Would therefore be advantageous to have a 
different Way of stabiliZing the lighting device’s luminosity. 

SUMMARY OF THE INVENTION 

[0010] Therefore the present invention provides a lighting 
device comprising 

[0011] a plurality of groups of light emitting diodes, 
each of said groups of light emitting diodes contain 
ing one or more light emitting diodes, each of said 
light emitting diodes being con?gured so as to pass 
betWeen an energiZed light emitting state and a 
non-energiZed state; 

[0012] luminosity measuring means for providing a 
standard luminosity reading at predetermined time 
intervals (eg from a test diode); 

[0013] controller means for transferring at predeter 
mined time intervals, in response to said standard 
luminosity reading, one or more of said groups of 
light emitting diodes betWeen a ?rst energiZed group 
Wherein said light emitting diodes are in said ener 
giZed light emitting state and a second non-energiZed 
group Wherein said light emitting diodes are in said 
non-energiZed state. 

[0014] In one aspect of the present invention said control 
ler means may be con?gured to maintain all of the light 
emitting diodes in said ?rst energiZed group When a prede 
termined luminosity reading is provided by said luminosity 
measuring means. 

[0015] In one embodiment said luminosity measuring 
means for providing a standard luminosity may comprise 
one or more test light emitting diodes coupled to light 
sensors, such that said test diodes can emit light Which Will 
then be measured by the light sensors. This measurement 
Will then form the basis for said standard luminosity. 

[0016] The invention further provides a lighting device 
comprising 

[0017] a plurality of groups of light emitting diodes, 
each of said groups of light emitting diodes contain 
ing one or more light emitting diodes, each of said 
light emitting diodes being con?gured so as to pass 
betWeen an energiZed light emitting state and a 
non-energiZed state; 




























