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Abstract
Uniform, adequate and pleasant illumination over a certain target area is a common requirement in
many applications.Light emitting diodes gradually becoming the fust choice for many lighting applications
because ofluminance eIficacy, compactnesi and durability. llluminalion system consists ofone or many light
sources and used to create a visual e.vironment fur visibility ofobjects of variable sizes and shapes. LED
lighting sources are composed of seveml individual LEDs mounted on a panel. Denser the LED array,more
uniform is the illumination. However, high density of LEDS in an array is restricted due tothe thermal
problem, available space and cost. High bright LEDS are intense point sources oflight and create bright spots
known as l,ED hotspots that are harmful to human eyes. Technical specifications to be considered for
designing of lighting system arc desirable intensity distribution, color, energy consumption, cost, effect on
heakh, safety, ambient light efect, etc. To avoid these problems systematic approach is necessarythat
provides an optimized design ofillumination system. Diflerent coDfigurations ofLED arays such as circular,
linear and square are used to obtain anuniform illumination. Therefore, it is important to obtain better uniform
illumination using less number ofLEDS. One oflhe ways to obtain anuniform illumination is to use difirsers.
Diffusers are essential to distribute the light emitted by the LEDS evenly and reduce their glare_ A vast of
diffuser materials are available today those have a dmmatic effect onillumination. A lrosted glass positioned
in front ofthe light source was the traditional method as a diffuser. The liosted glass has hiSh absorprioncoell'icient and it blocks a large amount ofthe LED light. Also glass is bulky that increases rhe overall weight
ofthe final device. Another problem is that glass materials cannot eflciently hide the point sources of light
and can result in LED hotspots. ln addition. glass is prone to cmck during shipping and installation.To
overcome these difl'icultics, plastics (acrylic and polycarbonates) are dominating the LED diffusers.
Polycarbonate diffusers convert the point-shaped glary light Fom LEDS into homogeneous surface spread
light with high luminous etficiency and excellent hotspo! hiding. Acrylic gives good resultr but adds weight,
complexity and cost to the overall luminaire design. The acrylic and polycarbonate diffusers ofler good
uniformity but light efllciency ofsource is reduced during light diffirsion action.Reflection and absorption by
surrounding wall coatings. furniture and furnishing materials also allect rhe uniformity of light. This paper
reports simulalion results to flnd effect ofdiflerent materialsabsorption and reflection properties on uniform
illumination. Simulation was carried out using DIALux soffware. selection ofoptimal diffuser maierial to
obtain glare liee unilorm illumination for a specific application is also highlighted.
Keywords: opticrl diffusers, uriformity, glare, DIALux, reflection rnd absorptiotr coeflicients.

Introduction:uniform, adequate and pleasant illumination over a certain targer area is a common requirement
in many applications.Solid state lighting is replacing traditional lights for many lighting applications because
ofluminance eflicacy, compactness and durabilityl.SeveralLEDs are mounted on a panelto produce required
illumination level. I-BDS have somc dcgree o[ directionality: uniform illumination over a target area is the
major practical problem. High bright I-EDS arc intense point sources of liSht and degree of
directionalityproduces spots ofconcentmted lights, known as LED hotspots whichare harmful to humin eye2.
l herefore, to provide glare-liee LED lighting, or to create wide viewing angles, designers often choose to
diffuse thc light emitted. Several diffusing materials are available such as glass, acrylic and polycarbonate etc.
Sclection of proper diffuser dcpends on factors like uniform Iight transmission, absorption and transmission
coefl-rcient, durability and flexibility in designing. A liosted glass positioned in front ofthe lisht source was
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the tmditional method as a diffuser. Now-a-days plastic like acrylic and polycarbonates are uscd as light
diffusef. The comparison ofglass, acrylic and polycarbonatc materials is in table l.
'l able I

PC

2.4 to 2.8

Acrylic
l.l6 to I .18

Transmission

Moderate

Very good

Good

Light diffusion

Cood

Very good

Excellent

UV resistance

Average

very good

Average

Thermal resistance

Exccllcnt

Good

Very good

Paramcter
I)cn

si

Glass

t) ( gnr/cc)

lmpacl resislance

1.2

Very good

(,
Surrounding liSht in a room affLcts the humnn mood and thc clliciency ofthe individual. li) pcrform spccillc
trsk in thc.oonr. alwals pleasanl and sulllcient light inrensily i\ rrquircdl. Whcn arliticial light is instailed in
a room llr specitlc ta\k. the irctual illumina{ion ol-ihc room is total elllct ofnatural runlighl liorrr w;ndoNS
idoors. anillcial light and rcllections fiom \\alls : lioors:ceilings ; fixlurcs and turnilure's in the room. For

pcrlbrming speciflc lask. minimum required illuminations slandard values in I LJX are ncll known. While
dcsigning application bascd illunr;nation s), stcms. ifthe el'Gct oIre0eclions lionr surroundi08 surtirccs in !he
room is not laken into accounl thrn illunrination dcvcloped might be more or exccss than required standard
illunination. lhi\ siluilion rnight causc Blarc problem to thc pcrsons in the room while perlirming specilic
lask. ln this paper. lhc Ralls ol lhc room arc considered as rellecling surfhces and \rc halc rcponed the cllact
olthe $all paints diilerent retlection coelllcicnls on illumination at specilic bcation in thc.oorn. lablc l
shows dillcrent t)pcs ol wall paints and thcre rcllecting propert).1)lAl.u\ s;mulalion soll,rare is used to
sinlulatc the dilt'erent condilions. I)1Al.ux 4.12 is liccwarc available having good pcrli)rmance lbr purc
da\light scencs and artiticial light scenesr-
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Table2

(

Refleclivity

Type of Daint
White Wash /
Water based paints /
Distemper paint /
Matte Finish Paints

Reflectivity

Oil based paints /

Modemte

Emulsion paint

Reflectivity

Satin Paint/
Gloss Paint / Luster

More
Retlectivit)

Imaqes of the wall painl

L€ss

Simulation Using DIALux A room of 12'x 12' having height of 9' with a window size 6' x 4' located 3,
above the floor and a door of size 6' x 4' is considered. A glass window has 90o% transparency and a non
tmnsparent door has 7570 reflectivity. A Phillips LED lamp of 13 wafts having 1000 lumen light output is
installed at the top ofworkpace T" above the floor. Surlight fom wihdow and the reflections fiom walls,
floor, ceiling, furniture and furnishing materials contribute in actual illumination. Workspace is above the 2.5,
from floorand a glare observing point is at location (6.5', 6', 4'). In this paper we have studied eIlect ofwall
reflectivity on the total illumination and reported its effect on uniformity of illumination.
There are several interior paints such as distemp€r, luster, enamel and emulsion. Distemper paints are water
based paints, and there major constituents are chalk, lime, water and some colouring agents ifnecessary.
Luster paints, Enamel paints and Oil paints all come under the category of solvent based paints.
The effect of reflection coelficient variation from 40 yo to 90 y. is simulated. The fig. I shows simulation
model for 40 % and 60 oZ reflection coelficient ofwall surfaces. Fig. 2 illustrates the intensity variation in the

work plane for these varied reflecting conditions.The average illumination variation with respect to
reflectivity is shown in fig. 3(a), uniformity variation against the reflectivity is plotted in fig3 (b).
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Results: As can be seen from the gmphs, the average illuminance and uniformity level increases as the
reflectivity ofwall paint increases.We can also s€e the similar eflect in the simulated picture ofthe room at
varied reflectivity ofthe wall paints.The isolines curve shown in the above figures indicate the illuminated
area ofthe room. lt can be clearly seen fiom the figures that the illuminated area ofthe room increases as the
reflectivity ofthe light in the room improves due to wall painls increased reflectivity factor.Due to variation in
the rcflectivity levels of wall for the selected colou paint,we have not seen the effect of glare at the
workspace location fiom various light sources.
Conclusions:- The simulated results indicate that you can increase the reflectivity level ofthe specific wall
paints for better and uniformly spread illumination in the room for specific task.
By selecting proper t,?e ofthe wall paint, we can keep the glare factor from all the lighting sources controlled
when observed from workspace location. Uniformly lit environment also provides eye comfort for thos€
working with PC screens, which are by themselves lighl sources.
Referenca's:

1

(

2
3
4
5

Moreno, 1., Muflo!, J. & lvanov, R. Uniform illumination of distant targets using a spherical light-emitting diode
anay. Optical EngineeringirS, 033001 (2007).
Hu, R. et ol. Desi8n of a novel freeform lens for LED unirorm illumination and conformal phosphor coatinS.
Optics Expressm, !3727 -73737 l2072l.
Hu, J., Zhou, Y. & Sheng, X. Optical d iffusers with enhanced properties based on novel polysiloxane@ CeO 2@
PMMA fille|s. Journal ol Moteriols Chemistry C3, 2223-2230 l20t5).
Wolska, A. & Sawicki, D. Evaluation of discomfort Bla re in the 5Or elderly: experimenta I study. lnt I Occup Med

Envion Heolth21, 4/4-459 l2014l.
Fakra, A. H., Boyer, H. & Maamari,
2008,, {Dalian, China, 2008).

F. in ,nterndftohol Conlerence on Building Energy ond Envionment (COBEE

(

JETlRcPo6o29|JoumalofEmergingTectrnotogiesi@

(

(

