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ollabc rgy Efficient Lighting

* Integrating sphere is used to measure total luminous flux of light
sources

 Measured is by comparison with a luminous flux standard lamp
(substitution method)

Basic principle:

 The illuminance of the internal surface will be spatially uniform and

temporally constant when illuminated by an omni-directional light
source

 The luminous flux is related to the indirect illuminance on the
internal surface of the integrating sphere (ie no light from the light
source is directly incident on the detector)

Assumption:

* Lamps have the same spectral distribution. (ie no correction for
spectral mismatch. See other presentation)
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Where b = ind.ﬂ.A
Ei,4 is the indirect illuminance on the internal surface of the
sphere

* p istheluminous reflectance of the internal surface
* A istheinternal surface area

And kozl_TpA

ko istheideal sphere responsivity with units: Im/Ix

Note: these functions work on the basis of: omni-directional light
source; and uniform reflectivity and no obstructions in the sphere.
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Because of practical issues within a real sphere, the ideal sphere
responsivity, kg, cannot be used, due to

* Non-uniform reflectivity

— coating may not be applied uniformly to all parts of the sphere
— door seams create light captures (lower reflectivity)

— Internal structures (eg supports, baffles) may have different
reflectances

— Dust gravitates to the lower surfaces within the sphere
altitudinally lowering the reflectance of this region

* |Internal obstructions

— Internal structures (eg supports, b,giﬂes] cause shadowing
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source

* These non-ideal effects (variations due to obstructions, non-
uniform reflectance) can be thought of as the sphere
response factor, fS o when using an isotropic light source

* Then the real sphere responsivity for an isotropic light source
can be expressed as

k = ky. fs,iso

* Obviously f_._ =1 foran ideal sphere with an isotropic light
source
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isotropc source

* A source with a non-uniform luminous intensity distribution in
a non-ideal sphere, will again produce a different sphere
responsivity value.

* The sphere responsivity value will not be the same for:
— different light source orientations
— variations in light source luminous intensity distributions

due to the non-uniform reflectivity and internal obstructions
creating a directionally weighted responsivity within the
sphere.
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| i isotropc source

* Then the real sphere responsivity for a set

orientation of a non-isotropic light source can be
expressed as

k = ko-fs,z

* where f; 7 is the sphere response factor for the
real sphere for a set orientation and particular
luminous intensity distribution of the light source
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| standard reference lamp

* Can be determined using a reference light source

k= (I)Ref

Where Ein ref

* @p,r is the total luminous flux of the standard reference lamp

* EingRres is the indirect illuminance (on the detector) due to
the total luminous flux, ®p,r

* kincludes to the combined effects of the “responsivity of an
ideal sphere of the same dimensions and reflectance”
modified by the “variations due to obstructions, non-uniform
reflectance etc” for this intensity distribution and lamp
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test lamps

* The test lamp MUST have the same relative intensity
distribution as the standard reference lamp.

* Remember: This is because the light directly incident on each
part of the internal surface will undertake a different series of
reflections (to different parts of the internal surface which

have varying reflectance and obstructions) before reaching
the detector

Then
Diest = k. Eind, test

Where k has been determined from calibration with the
standard reference lamp
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| ?éi-,:i?n"gt What about lamps with different
| distributions to reference lamp?

e Let’s consider a sphere which is not perfect inside (eg has
obstructions and varying surface reflectance)

* Then the light directed to each part of the surface will have
different losses on the path to the detector. Therefore
collectively contributing differently to the overall detector
response.

(I) — k . . .
test dependent on beam and orientation ind, test

* Therefore the partial contributions need to be determined.
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Diost = k. Eind, test
So

* Let’s consider the “partial sphere response” to a small parallel

beam (PB) of light in the direction (8, @) incident on part of
the sphere internal surface.

Dpp

fs,PB(G,cp) — Ei g
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Partial sphere element
Partial sphere response

[K(6, 9)]

Detector
Indirectilluminance

[E ind,PB]

= -
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-
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Luminous flux
[Pp5]
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In order to ascertain the spatial response within the entire
sphere the beam is rotated (scanned) to every orientation inside
the sphere.

This is effectively producing an isotropic light source (equal
intensity in all directions) of intensity, Ipg, with a total luminous
flux of 4m Ipp

This collective result is the Spatial Response Distribution
Function (SRDF) or K(8, ¢) to a theoretical isotropic source of
41 Ipg lumens.

In order to compare different sphere arrangements this function
needs be a normalised Spatial Response Distribution Function
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Distribution Function

* The normalised SRDF, K*(6, ¢) is achieved by determining the
K (6, @) at each orientation relative to the average K,,,.(6, ©)

. K@, )
K*(0,¢) =
Kave (6, 9)
where fzz [o_ K(8,p) sinb db de
Kave(eJ (P) = = = 41T
Therefore 4t K(6, 0)
f CoJo_o K(8,9) sind do do
fay
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p = 0.80

E1.1-1.2
mi-1.1
H0.9-1
=LA Dy m0.8-0.9
e v ’ TN 0.7-0.8

(#,#)=(90,0)

o

4
&

Detector
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ngle ¢
o5
—_ ~ 'w
position 5 .
#§ =180°
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 Simulation vs actual measurement
« p=0.98 1.02 Measurement
E - = Simulation
S 1.01 |
&
(fp ]
@ 1
b
N 0.99
™
E p.os
=
0.97 ' ' ' :
-180 -90 0 a0 180
angle ¢ (degree)
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UNEP (? :-:Lgnrﬁieng Calculatlng the sphere response
factor

* The sphere response to an oriented light source is the
summing of the product of the relative intensity of the light
source in each direction I,.,;(8, ¢) and the relative (partial)

spatial response of sphere in that direction K™ (6, ¢), as a
proportion of the total flux of the lamp.

* The sphere response factor (ie normalised response) is then:
f c o Joro Ire1(8, @)K (8, @)sind do de

q@d
2 \ ,
f(pno f; o Tre1(6, @)K (0, p)sind d6 do

s = 2
Jpmo oo Trei(6, CP) sind do de
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If the sphere was a perfect sphere with the same response at the
detector regardless of the orientation (8, ¢) of the light,

then the partial sphere response for all orientations is

K(6,9) = Kgpe (6, 9)

making the normalised partial sphere response

. K(6, )
K*(6,9) =
Kave (9’ (p)
=1
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i U | [N SRR R s T | \(\&"/‘2}’ HI_-I—C rcqr?itri]c;nalLightingTest(entre

|
Z
w
"

22



Global
O Efficient
Lighting

L
[\ GELC

€ centre The sphere response factor

Thus f = o Jo_o Ire1(8, 9)K=(8:¢9)sing db dg
S
f Ofg 0 Ie1(6, ) sinB dO de
becomes fzn f: o Ire1(6,9)sind do do

S

f "l Lret(6, ) sing dO do

fs =1 (for a perfect sphere)
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BUT no sphere is optically perfect! M1 ettt fente
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s response factor

* No sphere has a normalised partial sphere response factor of
Lin all directions.  K*(68,¢) # 1 forall (0, ¢)
* So need to determine:

— sphere response factor when calibrated with an omnidirectional

standard lightsource, f .

— sphere response factor when measuring the test lamp light in a
particular orientation, f; ,

* The corrected sphere response factor (for the combined total
luminous flux measurement correction for the test lamp is
then given by:

fs,iso )
f‘;; — ‘/PL <~ \\\\3’
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* C(Calibration of the sphere with the reference standard lamp
(Dref = Eipg-k
= Eind,ref- ko-fs,ref
* Using this information to substitute k|

(Dref
ko —
E ind,ref- f s,ref
* into test lamp equation
d,= Eind,z- k
— Eind,z- ko. fs,z
E.
— (D'r‘ef X ind,z X fs,z

E ind,ref f sref
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* If luminous intensity distributions of both the reference
standard and test lamps (ie beam angles for directional lamps)
and their orientation is the same in the sphere then

f;,z = f. s,ref
and g
ind,z
ind,ref
Can
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angular distribution of lamp

* These measurement errors can be observed by rotation of a
lamp in the sphere.

* The magnitude of the error is influenced by a number of
parameters.

— Reflectivity of the internal sphere surface
— Baffle, size, position, reflectance
— Detector angular response

— [Change in light output due to lamp orientation]
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* Simulated horizontal rotation of a twin CFL in 2m sphere and
o = 0.80
Vertical planes
No.16 CFL-2 0° (+ =0,30,60,00")
T —— orizontal plane |._ 1.010
5 So=" S —— ¢ =007 =]
/ .\ E 1.005 |
@
E 1.000
8w
(¥}
0° @ 0.995 |
&
2 0990
7]
0.985
0 90 180 270 J60
Horizontal angle of the lamp (deg.)
[ [ TR o EOURDR (LT TS| PR 1. S, \(;pL;;\\QV
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angular distribution of lamp

* Range of sphere response factors from simulations when
different types of lamps are rotated horizontally

1.02

1.01

fs 1.00

0.99
0.98
! g E - o = % E L
= (w LL LiL ) =
(4 T =
(/ AW Y
\\/\ " ) n I_1_C Ic\lr?itri]c;nal Lighting Test Centre
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woeonooangular distribution of lamp

* Range of sphere response factors from simulations when
different types of lamps are rotated horizontally

Group 3 s
Downward ' }
dominant
intensity 1.01
R
fs 1.00
>, Group 2
Group 1 VertiFaIIy
Horizontally 0.98 — — ‘domm.ant
dominant 2 T 5 8 2 B B & intensity
intensity o O 5
(&%) .
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UNEP

30



oy Global

4 ici .
1) nening  Understanding the error due to

[N GELC Centre

woeonooangular distribution of lamp

* Actual measurements relative to goniophotometer
20.0% Total Flux Measurement
* Sphere 15.0% 10 deg lamps
— Dia=1.5m '
— p=0.95

10.0% |
5.0% & /\\
0.0% A S—

o | W
-10.0% -

Relative to Goniophotometer

-15.0%
-20.0% - T T | T T
s 2 s 2 % 5 3
5 ® ) & £ o
a oa) e o0 = -
[ 5 8 S 8
P : © - =}
X o o o s
2 - = =
Z 2 z
Beam Direction in Sphere + -
LN
) —
National Lighting Test Centre
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oo gngular distribution of lamp

* Actual measurements relative to goniophotometer

Total Flux Measurement
20-30 deg lamps

20.0%

* Sphere N N
~Dia=15m | Bus
— p=0.95

5.0% &
0.0% -
-5.0% &

-10.0% |

Relative to Goniophotometer

-15.0% -t

-20.0% -+

Down
Up

External Down
Away from Baffle
Towards Baffle
Towards door hinge
Towards door latch

Beam Direction in Sphere
PL<<\ _Q
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woeonooangular distribution of lamp

* Actual measurements relative to goniophotometer
20.0% Total Flux Measurement
¢ Sphere 15.0% 50-60 deg lamps
— Dia=1.5m
- p=0.95

=
©
e
N

5.0%

0.0%

-5.0% -

Relative to Goniophotometer

-10.0%

-15.0% +

-20.0% -+

External Down
Away from Baffle
Down

Towards Baffle
Towards door hinge
Towards door latch
Up

Beam Direction in Sphere

PL<<\ N

\(//"v’ National Lighting Test Cent
) MLt
UNEP 33



Global
Efficient
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e @rrors: influencing factors

» Baffle Size
e Baffle Size/Location
» Reflectance of sphere wall

e Detector angular response
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* Investigation of simulated SRDF curves for different baffle

sizes . 1.2 &) om
= - === S0 CM
© 42 cm
e 1.1
-
S
v 1.0
-
E 0.9 }
o
E o8
2
=
0.7 ' ' '
-180 -90 0 a0 180
¢ (degree)
7N
\(\/1\' ’U[y n |_1—C Icir?itri]znal Lighting Test Centre
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[ ]

* Indicates that errors in the sphere response factor, fs increase
with increasing baffle size

_ 1.03 -
* Group 1: horizontally enhance:
* Group 2: vertically enhanced 0 '
[ |
* Group 3: highly downward Emu _I I | I
0.99 |
0.98
= 0 7 = 0 =
e & 4 o O & [ I i I
—1 =] - - = = i = =
s & ©£8¢8 2 2 B
a O O o O a o O O
20 cm 30 cm 42 cm
F ™\
\(\&":}’ n |_1_C lc\lr?itri]c;nal Lighting Test Centre

|

£
Z
(7]
8,

36



— Global

(,Ir 3 : = . .

L8 Y e Understanding magnitude of error
'+ ICentre . .

e due to: Baffle Size/Location

» Different baffle sizes/locations change shadow cone size
around detector
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oo due to: Baffle Size/Location

* Investigation of simulated SRDF curves for different baffle
sizes/locations . 1.8 30cm/0.5 R

= 15cm/0.25

e 1.6 30cm/0.25

L

5

s 1.4

&

Pl 1.2 i

ks

MN1.0

yw

E 0.8

=

0.6 : : '
-180 -80 0 90 180
(degree)
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\\,L\!,\‘U[y n |_'I—C lcqrz:itrignal Lighting Test Centre
UNEP

38



p‘-“f ~

(/

UNEP

Global
(?( ?;I{t'?n"gt Understanding magnitude of error
due to: Baffle Size/Location

Indicates that errors in the sphere response factor, fs increase
with 1/3 R to 1/2 R placement of the small baffle from

detector 1.03 V]
Group 1: horizontally enhanced 1-02 m
Group 2: vertically enhanced f51‘m | 0
: 1.00
Group 3: highly downward 1 I f |_I
0.99
0.98
= oM - o M ™ 0y m
e 88 388 888
s 28 pg&é¢ 5 8 ©
o Q d o Q Jd o Q O

J0cm/0.5R 15cm/0.25R  30cm/0.25R

PL<< \\
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due to: reflectance of sphere wall

* Investigation of simulated SRDF curves for different
reflectances in the recommended range (> 80%)

—~ 1.2 80 %
= 90 %
Q1.4 | 98 %
-
a
(1] 'I-D ™
2
E 09 F-- -
N
o
c 0.8
S

0.7

-180 -90 0 90 180
i (degree)
N\

\, Y |_'I— National Lighting Test Centre
Ny ALrc
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! Centre
due to: reflectance of sphere wall

Indicates that errors in the sphere response factor, fs
decrease with increasing reflectance

Group 1: horizontally enhanced 1-92 0
Group 2: vertically enhanced 1.01 ;
Group 3: highly downward ){‘E1|m]_‘ I I .yt
0.99
0.98
i — ™M L L.
233 282 'g24g
© 8 2 2 2Bp 5 B B
& g O & O 3 o O &
80 % 90 % 98 %
fany

\/ v ; g vz
V 'I— National Lighting Test Centre
WOy NLrcus
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Understanding magnitude of error
due to: detector angular response

* Investigation of simulated SRDF curves for cosine, modified
cosine and baffle FOV response

1.2 = = = Cosing
® 1.0} Modife
=%

a 0.8 ¢
0
e
I 0.6
@ 0.4}
]
T 0.2}
L e I
-90 -60 -30 O 30 60 80

Angle of incidence (deg.)

Cosine

W I Modified
o = Baff. Lum.
7y
S
Q 2.2
L
o
o 1.7 |}
0]
M
o
= 1.2 |
- e
5% /
| zzmmnl
0.7 '
-180 -90 0 90 180
) ¢ (degree)
¢ A
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oo due to: detector angular response

* Indicates that errors in the sphere response factor, f
decrease with increased reduction in cosine response

* Group 1: horizontally enhanced

1.03
* Group 2: vertically enhanced ' o )
. ' [ |
* Group 3: highly downward 1,01
S8
run—TJ
0.99
0.98
— W 03 — o
238% 288
5656 666
Cosine Maodified
¢

WO/ AL C
UNEP

1.05

1.00

0.95

0.90

Group 1
Group 2
Group 3

Baff. Lum.

National Lighting Test Centre
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* \Variation in the error level in the sphere response factor is
apparent due to the comparative difference between
different lamp distribution types and the isotropic light
source.

e This is also the case for the real world situation of an omni-
directional standard reference lamp. (It is not a perfect
isotropic source! It has a dead zone due to the cap.)

* So these errors could be reduced by using a standard

reference lamp with a light distribution replicating the test
lamp.
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fcriccente - Practical considerations

Test lamps should only be measured against standard
reference lamps with the very similar angular distribution.

So, firstly need to know the beam angle of the test lamp.

Can we accept the rated beam angle of the test lamp in order
to select an appropriate standard reference lamp?

t‘<¢bp
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Beam Angle Variations

Cannot assume that the rated beam
angle is correct

Need to check (measure on optical
bench) before selecting a standard
reference lamp with similar beam angle

Declared | Measured

angle

difference
60 40 -20
60 38 -22
60 37 -23
60 38 -22
60 42 -18
60 39 -21
60 48 -12
60 45 -15
60 42 -18
60 38 -22
60 41 -19
60 42 -18
60 30 -30
60 31 -29
_6ep | 32 | .28
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Beam Angle comparison - Labelled vs Measured
(NON - Very Wide Floods)
12
10
8
9
c
S 6
=
o
=g
2
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-30 -26 -22 -18 -14 -10 -6 -2 2 6 10 14 18
Variation in Beam Angle
¢ o \
\(// N

AN
\A‘ '01)’ n |_‘I_ C lcira:itri]c;nal Lighting Test Centre
UNEP .



Global
@ e Beam angle variations from

NI GELC |Contre

UNEP Collaborating Centre for Energy Efficient Lighting l I l a r ket p I a Ce

Beam Angle comparison - Labelled vs Measured
(Very Wide Floods)

12

10

gLLJILUJJJ]]hI 1

-30 -26 -22 -18 -14 -10 -

Variation in Beam Angle

Frequency
o
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Maintain a range of reference lamps with appropriate beam
angles/distributions (This may present an issue in terms of
maintaining a large range of standard lamps)

Undertake calibration measurements of various light
distribution lamps against the omni-directional standard
reference lamp to determine correction factors for future use
with test lamps (Future test lamps must be tested in the same
orientation as the original calibration test. Remember the
SRDF variations!)

If measuring a significant quantity of lamps of similar light
distribution, calibrate one on a goniophotometer system.
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