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We open our eyes and we think we're seeing the whole

world out there. But what has become clear— and really
just in the last few centuries — is that when you look at
the electro-magnetic spectrum we are seeing less than
1/10 Billionth of the information that's riding on there.
So we call that visible light. But everything else passing
through our bodies is completely invisible to us.

Even though we accept

the reality that's presented

to us, we're really only seeing a
little window of what's happening.

ps: facebook.com/jain:

13869/1979341898918200
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J RS HE

SCIENTIFIC CALCULATION EXAMPLE
1 2
{'“ - KZ} x 100 = H
K1 TEXT
K1 = HIqh(‘St color value TEXT COLOR: BLACK B TEXT COLOR: BLACK B
BACKGROUND COLOR: RED 13 BACKGROUND COLOR: WHITE 85
K2 = Lowest color value
H = Contrast value {,3_3}“00_38 {55'13}“00-84
13 85
Optimal contrast value CONTRAST NOT SUFFICIENT CONTRAST
is at least a hue of 70. @ SUFFICIENT FOR DISPLAY D FOR DISPLAY

— Arthur&Passini 1992

20
[EF 2R ¢ https://kelcthomas. files.wordpress.com/2013/12/screen-shot-2013-12-23-at-22-10-20.png

SRR

Arthur #1 Passini SURIZAERE [BAGEILE] NEtEA L
[BAEE | NETEAE MfEdHEEEeHEEE 8
R 5B ] (Light Reflectance Value), BLUtkAEEE, AILUE
E—FHEE [EedHE] , 2% (EHEE-E
HEE)=EEE]*100
HEKRNRT0, REZECHESNERSE, SEEZT—E
%W]\ilﬁﬁl_ﬁﬁaxu 124 (Standards for Accessibility Design)
S, AT TIHAFFIRERFREEZRZE B2 [S8EE
i) KRAZRSREFTNERIER, LHEEHERALRR, 17
RERAHT0OD L EHE,

21

ST 2RI - https://designagehk.org/2019/02/18/red-black-prohibition-signs/
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- [H. Rl BHEARHIER, MBS FBETRXFN
e, BEILBEREN, mM3E100,
. E@%A@%}%Mﬁ; 2 (clarity), BEFUZR AL EPRFIFTAR
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BT
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| les | couleurs T

Beige UNE LISIBILITE OPTIMALE

23
B ZJR : https://pic-bois.ch/accessibilite/
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Mandatory Signs

Colour: White and blue

A blue circle containing a white image
denoting that a specific course of action
must be taken.

Prohibition Signs
Colour: Black, red and white

A red circular band crossed with a
diagonal bar on a white background. A
black symbol behind this band indicates
the prohibited action.

Hazard Signs
Colour: Black, yellow and white

A yellow triangle with a black border and
symbol denoting a hazard in the
environment.

Safe Condition Signs
Colour: White and green

A green rectangle or square with a
symbol /text in white providing
information about safe conditions.

Fire Equipment Signs
Colour: White and red

A red rectangle or square with a
symbol /text in white providing
information about the location and use
of fire fighting equipment.

General
Signs

General Signs

Colour: Any

These are not safety signs and therefore
are not governed by a spedific colour
scheme or format. They are to be used
for any non safety purpose.
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A SR © https:/kknews.cc/news/pl3g4jp.html
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uvec UvB uvC R IRA IRB IRC
200-280 nm || 280-315 nm 315-400 nm  |{380-780 nm  |780-1400 nm |1400-3000 nm [[3000nm i
> Sk, || KABMEE |[thER#  (BNRRE (REGES. |fEES.
1 Py k= THEREE  |REE KERKERN  [BZERAE
BE B
b A2, KES|| RERLR (&R 1% G 515
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380

¥R SPD:

Spectral Power Distribution

Spectral power distribution

430 480 530

580 630
i (nm)

—Diode emission spectrum

Phosphor emission spectrum

Source: Kim and Schubert (20089
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Blue or white LED

Your retina with permanent damage

Source: http://forum.xcitefun.net/funky-led-eye-lashes-t41147.8Gnl

Light

AE

Retinal pigment

. epithelium
Ganglion cells Horizontal cells Choroidal
ON-Bipolar cells L latt
\ v
Bruch's
membrane
Amacrine cells OFF-Bipolar cells
Miller glia cells

31
Source: Zrenner (2008)
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Action spectrum
of retinal light damage
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Relative ONL loss

ROS rhodopsin (optical density)
o
=N
o
E=N

0.2 0.2
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| | | | |
300 350 400 450 500
Wavelength (nm)

Source: Organisciak and Zarbin (2010) 32
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HRIARERE Electroretinography
(ERG)

Miller glia
cells

Ganglion

cells

Depolarizing bipolar
cells via Miller cell

Source: Zrenner (260%)

fRafiEi R B

(Hematoxylin and Eosin, H&E Sl'aining)

35
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B B FEEMER
transmission Electron Microscopy (TEM)

FEABETFRME
transmission dictron Microscopy (TEM)
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Amplitude (nV)

300

200

100

Control

2700K 3500K 4000K 4500K

Correlated Color Temperature (CCT)

. Before

o After

5000K 6500K

39
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fRJtAT / & H&E RE

GCL: ganglion cell layer IPL: inner plexiform layer
INL: inner nuclear layer OPL: outer plexiform layer (synaptic)
ONL: outer nuclear layer OLM: outer limiting membrane

PIS: photoreceptor inner segment POS: photoreceptor outer segment
40

BRJEAT / #& TEM RI
IZ] Control [z ' LED light injured

41
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fJEET / #%& TEM RIR
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ROS

Rhadopsin

Al trans-retinal

Melanin (me,
Phagosome (me) Lipofuscin (li)
Lysosome

PRE nucleolus Lipofuscin (1i) Melanolipofuscin (mli)

(RPE) . Benoste oty
Basal infolding (81) , Inflammation — 50501 linear
! ch’;‘ Choriocapillaris ((() — s—— deposit (blid)
Choriocapillaris (CC) membrane(BrH) ‘ 42
BBRl / % TEM RIR
RICAHI
] L o L3
Bruch's Membrane £ Choriocapillaris
T P
Ml
t \ ‘
43

22



RWE R FEERE

400 450 500 550 600 650 700 (nm)

UV-Blue Blue-Green
(photosensitizer-mediated) (photopigment-mediated)
retinal phototoxicity retinal phototoxicity

24
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1.007 —— L cones
v 14 — M cones
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= 0501 / -~ -rods
0.251
000+t T—————————
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photoreceptor wavelength discrimination
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pin: pLS IS

Invisible UV Visible

uvc

‘ uvs IuVA |

All ages

200 280 315 400
300 349

2% of 320nm
before 10yrs 1% 1-2%

J

Wavelength in nm

= % and site of light absorbtion

2w % of light transmitted
to the retina

Source: French Agency for Food, Environmental and Occupational Health & Safety. Lighting systems using light-emittingibdes: heal

issues to be considered (2008).
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BRI EL 2R

56

Invisible UV visible Invisible IR H
uve ] uve [ UVA ] Light Infrared ]
100 200 280 315 400 460  >500 >630 780 Wavelength in nm

320

IAge <9 years

absorbs at 4!

59-480nm

/= % and site of light absorbtion

g % of light transmitted
to the retina

—

Source: French Agency for Food, Environmental and Occupational Health & Safety. Lighting systems using light-emittingxfiodes: heal
issues to be considered (2008).

FERY R IR 275

Invisible UV Invisible IR
uvc | uvs | uvA | . Light Infrared
100 200 280 315 400 460 >500 >630 780 Wavelength in nm

ge 10 years

15%

absorbs at 459-480nm

M= % and site of light absorbtion

s % of light transmitted
to the retina

7
Source: French Agency for Food, Environmental and Occupational Health & SaFeS!y. Lighting
008).

systems using light-emitting diodes: health issues to be considered (2

29



FERRINEL 57 5

Invisible UV Invisible IR
uvc I uvs I UVA I . Infrared
100 200 280 315 400 460  >500 >630 780 Wavelength in nm

ge 60-70 years

67% 32%

= % and site of light absorbtio

S % of light transmitted
to the retina

absorbs at 459-480nm

Source: French Agency for Food, Environmental and Occupational Health & Safety. Lighting systems using light-emittingxfBdes: healt
issues to be considered (2008).
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[B A 2R : https://www.ihealth.com.tw/article/E A&/
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F 3R ¢ https://fonghu0217.pixnet.net/blog/post/44844094-75 ¢ IR-F3 A fE-43 1)

[& F 38 © https://www.ihealth.com.tw/article/ & 7 &/
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[E 3R : https://www.ihealth.com.tw/article/ & P &/

BHAfE
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[B A 2R : https://www.ihealth.com.tw/article/E A&/
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[ F 35 © https://fonghu0217.pixnet.net/blog/post/44844094-75 ¢ IE-F A f&-43 1)

EEMENERE (AMD)

Dry AMD Wet AMD

Pigment
clumping

v

Subretinal
Hemorrhage

Drusen Geographic
Atrophy

F3EIR : https://cdn2.hubspot.net/hubfs/4678477/2019%20Bulletin/AMD.png
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EZEMHENEKE (AMD)
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Bl A &R : https://www.ihealth.com.tw/article/5R 5 & BI &R 7 8/
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B (300 or 350 lux — 500 lux)
EEM  (80-100 Ra)
i (3000 ~ 4200 K)
BZ ¢ (UGR 10 ~ 15)
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. e = [JSA
llluminance (Ix)

-« & --=UK
1200 ) ) )
= @~ - = Soviet Union /Russia

1000

800

1930 1945 1960 1975 1990
Year

Illuminance recommendations fluctuations since 1930

Boyce PR. Human Factors in Lighting, 2nd edn. CRC press: New York, 2003, pp 458-488
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F BB M/ 4Bt ¥ (photokeratoconjunctivitis) ¥ % % 2 &
< ~,
B 9575 £ 43

- A2 HEEHFADRLEG RENLSRBG FEERG
BB 1 A R 2 B
BEERRESEES] -
ABMASHEIZESANABRLEH LI EILGE  BAFANTY
¥ 0 P OA XA B Bk (arc eye) & A1 T P (welder’s flash)[1] = P T Ak ey 44+
Ko BFAFTRBEPHFARRGERING o B FFHELHH AR URR
Aatiedm ~ KBRT @AY MR RIPR2] - —AmE  BEMEARBM AL
REZHTHRRIMEAMF S Z BERIRUV-B)II & ZAVHMBMEXTR
53845 oY K AE AT § 5 [1,3] -
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BEEEEER
204,7.9%

BEREIASHER
534, 20.7%

WEMHERE 4 02%

m 2 18 07%
mEEEORMNEER 21, 08%
BEEUREER
mEEMAANERER
mERRMMARER 3,01%
AR ER 15, 0.6%
BERUEEMES 2,0.1%
mEEEME 84,3.3%

BEEMEREEERRR) 1.0.0%

BEXUBERAER 63,24%
mEXEENEX
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A;EF-CNS 15436

ZIKT%—EE‘E%E*EEEIJJYTGO WLLTF., BBESEEXRA60 Hz . %EE B /E250
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EJE?B’%’I‘@J?EZ%Y, DEAE A E LT BRI,

2EEER
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ARS%E B

81
RARHSS EPE ML

41



| EIfREH-1EC 62471-4

200

150

Relative Energy
8

Wavelength (Nanometers)

C==w A
—

HRZRIR : TUV Taiwan

REIRIEDHE
2z B>
Components :
LED chips/ packages

SSL products:
LED lamps/luminaire

r N s <
Low power High power ) IES LM-79-08
CIE 127:2007 CIE TC2-63 ANSI C78.377-2008
CIE TC2-46 IES NP xx CIE TC1-69 Color rendering
- / AN

LED arrays A /LED modules

Safety
TIEC 62471:2006 (CIE S009:2002)

CIE TC2-58 Radiance/luminance

IES LM-80 Lumgn|maintenance
CIE TC2-50 LED|cljsters & arrays 1\ J
p B ( Definitions(terminology) h
LED light engines IES /ANSI RP-16
_(ASSIST Recommendations) JAN IECTS 62504 )

HRIFRIR: Hong Kong Standards and Testing Centre
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ES

HEiR X E 1R

AAxuh

R B

R

HAHER (CCT)

SSL&, & % 2700K, 3000K, 3500K, 4000K,
4500K, S000K, 5700K, 6500K # N\ & -

& ER— B

& BH

& & (CRI)
HREAN

£% Bl

3%

BERRR: Tt

84

Bi

Lk 2 E {35 ——

BB Z EIER
Ha
KRMAHEE | 235000 hes (B ¥/ EEEI)
L., = 25000 hrs (EE£E W)
TCRHER S
& B # PF =09 (F¥) :07(x%)
RIKEERE |-20C
S R & R R | 4K UL1598 & ) TMP ¢ {87 T AR = i
W ERERE = 120 Hz
B EET# FCC 47 part 15/18
e 32 <24 dB (Class A)
R ] IEEE C.62.41-1991 Class A

BRIkt

85
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® AN _EBRSERE

IESNA LM-79 IESNA LM-80

Details Testing Procedures for the Details Testing Procedures for the Lumen

Photometric & Electrical Performance Maintenance Testing of Individual LED’s.

of an LED Luminaire

— B
[y - ¥ e

ke | A Ll
| 0 i
! N 1 s
. un
H
" I
e !
» L] {ll
[ » n o )
Operating time 0}
86
i A ~ e ﬁ E —
=B BeRn RS
Light Output/L welion Sansx === Brond
pu umens -
Measures ight ouput. The higher e I h f -
number. the more bght 15 emmed Ig tln a_(-:-.ts-
Hagertee wh “ToAw gz wied Flua Lumara” 00
MY et gt
p Light Output (Lumens)
8 Watts —5 watts
S8 erergy requined o kgt
10 oA The Owee T wate ™ p| Luions por Welt ficecy] . g
s energy U
Raparind s et Powe: (et on 161 ot acy ) :::‘:' ?:::’)Oﬂﬂi
F ndex
L per Measures color accuracy

Watt/Efficacy 2cx wdder 3 T o] of P 4G b P
Measures eficency The higher the
b (he mone efcent he product

Ragored as Thcacy’ o LLTH et gt

MRCrum o P ok Mppeaace o i

#— Correlated Color
Temperature (CCT)
fight color.

1ESNA LM-79-2008

AT Ve e et

meat st petTarCe Duaiten o LED umeaes
0 rimgrs arnca € slown b 8 s comparac
o e e sens of P e wae

—P -

R R P
Registration Number e oo s o
Model Number F
Type

Makes Critical Information Readily Available on Product Packaging

Source: U.S. DOE lighting facts program
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FTC Label

ZBIFTC vs. DOE 12/~ #R &8

DOE Label

lighting facts

Mandatery (July 2011)

Voluntary

Directed to Consumers

Dirsctad to Purchasers,

Specifiers, Utilities, Retailers,

Lighting Professionals

Applies to Medium Screw

Applies to all Solid-State

Base Bulbs Lighting Products
Does Not Require Testing to Requires Testing to Verify
Verify Performance Performance

Source: U.S. DOE lighting facts program 88

IEC 62471

HEY L EIEITRED

w118 2

1.Consider hazards relative to light exposure to €Y € and
skin over a period UP O 8 hours.

2.Radiation power are measured and compared with
specified limits related to light wavelength and
exposure time To determine fall into which “ Risk

Group”

89
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IEC 62471
WA Ze 2 $E1E 850 BB B i =

* Measure at a distance giving

500 lux for general purpose
lighting (GLS) products

 Otherwise at 200mm distance

90

IEC 62471

HEY L EIEITRED

Table 5.4 Summary of the ELs for the surface of thglskin or cornea [irradiance based values)

w118 2

H d Rel t Wavelength | Exposure | Limiting EL in terms of
Na::rl; . euz‘:iac:‘n range duration | aperture |constant irradiance
q nm sec rad (deg) W-m?
Actinic UV £ _S°E, 5(2)-01 | 200-400 | <30000 | 1.4 (80) 30/t
skin & eye —
S F A <1000 10000/
EyeUV-A |Eyu=Y E;-A2 | 315400 | S1000 | 14(80) p
B|Ue—|lght =V‘E (2)-AA 5100 < 100/t
small source Bo= 2 Fi BAY A 300700 >100 <0011 10
0,75
Eye IR rR=) E; 04 780 -3000 >1000 1.4 (80) 100
Skin thermal| Ew = > E; -AZ | 380 - 3000 <10 o sr 20000/¢%7

91
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IEC 62471
WA Ze 2 $E1E 850 BB B i =

Table 5.5 Summary of the ELs for thradiance based values)

Wavelength | Exposure | Field of EL in terms of
Hazard Relevant . R X
. range duration view constant radiance
Name equation . 2.1
nm sec radians W-m™.sr’)
0,25 -10 |0,011-V(t/10) 10:/r
‘ =S, -84)-M ~ 10-100 0,011 107/t
Blue light lg=2 L;-84) 300 - 700 100-10000| 0,0011.V¢ 10%¢
= 10000 01 100
Retinal S RD-A B <0,25 0,0017 50000/(ct-t ™)
thermal | =25 RA 3801400 | 42510 |0,0114(#110)|  50000/(cct°)
Retinal
thermal =N, RAD-M
(weak visual Lr 2b R4 780 — 1400 >10 0,011 6000/a
stimulus)
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radiance is watts per

steradian per square
meter (W-sr-1:m-2)

Risk Action Symbol Emission' limits : Units
spectrum Exempt | Lowrisk | Mod risk
Actinic UV Syv(A) E 0,001 0,003 0,03 W-m*
Near UV Eya 10 33 100 W-m™
@ue light B(%) Ia 100 10000__|_ 4000000 |Wm-sr ]

lue light, . | 2
small source B(4) Es 10 1.0 400 W-m
t?\itrlrrgl R(4) [ 28000/« 28000/« 71000/ |W-m?Zsr'
Retinal
thermal, weak | Rey Le | 6000ic | 6000/ | 6000 |W-m?sr
stimulus™
IR radiation, 1 2
eye En 100 570 3200 W-m
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Retinal Blue-light

Retinal Blue-light-
small source

Hazard Wavelength Quantity Bioeffect
Range (nm)
Eye Skin
Actinic UV skin 200-400 Irradiance Cornea-photokeratitis Erythema
and eye (weighted) Conjunictiva- conjunctivi- Elastosis
tis & -
cataractogenesis HIfH:
UVA eye 315-400 Irradiance Lens-cataractogenesis

ina- photoretinitis T’E H[}I“E ;’:

tina- retinal burn

Retinal thermal- weak
visual stimulus

nfrared radiation eye

780-1400 tina- retinal burn
(weighted)

8U-3000 madiance Cornea- corneal burn
Lens-cataractogenesis

Thermal skin

380-3000 Irradiance Skin burn

SRR - Hong Kong Standards and Testing Centre
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Risk Group:

Hazards

Exempt Group

No Biological hazard

Group 1
(Low risk)

Not pose hazard due to normal behavioral
limitation on exposure

Group 2
(moderate risk)

Not pose hazard due to aversion
response to very bright light source/ thermal
discomfort

Group 3
( high risk)

Pose hazard even for momentary / brief
exposure
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200 nm to 400 nm

UV emitted from
this product

Hazard Exempt Risk Risk Group 1 Risk Group 2 Risk Group 3
Group
Ultraviolet hazard Not required NOTICE CAUTION WARNING

UV emitted from

this product.

UV emitted from this
oroduct.

RISK GROUP 3

WARNING IR emitted from this product. Do not look at operating lamp

CAUTION UV emitted from this product. Eye or skin irritation may result from

exposure. Use appropriate shielding

hazard

780 nm to 2 000 nm

Corneallens infrared

Not required

NOTICE

IR emitted from
this product

CAUTION

IR emitted from
this product

WARNING

IR emitted from this
product.

Retinal therma
hazard, weak visual
stimulus

780 nm to 1 400 nm

Not required

WARNING

IR emitted from
this product

WARNING

IR emitted from
this product.

WARNING

IR emitted from this
product.
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Hazard

Exempt Risk
Group

Risk Group 1

Risk Group 2

Risk Group 3

Ultraviolet hazard

200 nm to 400 nm

Not required

Minimise exposure
to eyes or skin.
Use appropriate
shielding

Ey= or skin irntation
may result from
exposure. Use
appropriate shielding

Avoid eye and skin
exposure to
unshielded product

Retinal blue light
hazard

300 nm to 400 nm

Not required

Not required

Do not stare at
operating lamp. May
be harmful to the
eyes

Do not look at
operating lamp. Eye
injury may result,

Retinal blue light or
thermal hazard

400 nm to 780 nm

Not required

Not required

Do not stare at
operating lamp. May
be harmful to the
eyes

Do not look at
operating lamp. Eye
injury may result,

Corneallens
infrared hazard

780 nm to 2 000 nm

Not required

Use appropriate
shielding or eye
protection

Avoid eye exposure
Use approprate
shielding or eye
protection.

Avoid eye exposure
Use appropriate
shielding or eye
protection

Retinal therma
hazard, weak visual
stimulus

780 nm to 1400 nm

Not required

Do not stare at
operating lamp.

Do not stare at
operating lamp

Do not look at
operating lamp.
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Z<ER IEC 62471
ANSI| /IESNA RP 27

#62471 (EREE/£EK) RP 27 (ER)

1. &R 1. 18R

2. {fFREZEBE 2. 2 8l5%

3. FHEE iR E 3. mBE NN
IEC 624714B[3) 15 1%

ANSI /IESNA RP 27

The original and the model adopted for defining

regulations are essentially the same for :

B associated risks

B exposure limits for the spectral distribution of
optical radiation (ultraviolet, blue light, infrared
etc.),

B representative radiometric magnitudes
(irradiance and radiance)

B methods of measurement.
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protection of thermal lesions on the retina
weighting function R (1) of the Integrated spectral radiance
L(x) of the light source in the visible and near IR or IR-A

(380—1400 nm)

R (), fixed by the ANSI/IESNA standard, is relaxed to
wavelengths of 380—495 nm.

100

IEC 62471157 RIRE
ANSI /IESNA RP 27

EN 62471 : does not stipulate any regulations regarding
usage restrictions, labeling requirements or warnings addressed

to the user. It only makes reference to the relevant product
standards and a guide to product labeling.

RP-27.03-07 : It makes particular reference to the following:

B Minimum labeling content regarding the precautions that must
be taken for ordinary use

B Product identification (risk classification)

B Technical information supplied with the product

HERIFRIR: Underwriters Laboratories Inc 101
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Radiometry ( iE5E fl@ HE )
Photometry ( tEE LIS )

n~

* Radiometry measures a broader
band from UV to visible to IR (safety
standard use this one)

* Photometry is limited to only the
visible spectrum.

Irradiance (ERE)
Radiance (#E=F)

In Radiometry, two density of power measured:
Lamp / LED standards chiefly rely on the
irradiance and radiance hazard values for
classifying the risk groups.

Irradiance: power / unit area
« Radiance: power / (unit area)(solid angle)
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BREAJCREIE MEER

BRI FRAIRR (MELEER)
LUTKRERMHF, ME a-e RIFF—BIT o ELERE

(a)&i@m (CCT)
% 3000K - 4200K ---> ERES 2R

BREAJCRERE BRER

BRI BN (@HELEER)
LITIREZ4EHF, ME a-e RiFrF—BHT G ELEEREE

(b) ;EEE (CRI85 LULE, &
FE Y 90---> HiEH
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BREAJCREIE MEER

BRI AR (HELLEER)
LUTREZEHFE, ME a-e RIFrF—BEN G ELEERE

(c) BXAE KX 200 |

Mt

(BUREY, RAIREE)---> EX

BREAJCRERE BRER

BRI BN (@HELEER)
LITIREZ4EHF, ME a-e RiFrF—BHT G ELEEREE

(d) THER
13W-25W #kIRiE---> Bl &N
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Kruithof Curve

10000Lux |

1000Lux

100Lux

INluminance (Lux)

10Lux

2000K 3000K 4000K 5000K 6000K 7000K

Color Temperature
110
ERFR ¢ hitps://www.irjet.net/archives/V3/i1/IRJET-V311105.pdf
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