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1. INTRODUCTION 

The integrating sphere substitution method is a method to 
realise the total luminous flux of a light source [1]-[5]. The 
method generally comprises an integrating sphere, a standard 
light source with a known total luminous flux value, and a test 
light source, the flux of which is to be measured. The 
integrating sphere is a hollow sphere, the inner wall of which is 
coated with a highly reflective material. Once there is a light 
source inside, due to the high reflective spherical-shaped wall, 
multiple reflections of the luminous flux occurs. This leads to 
the illuminance of the light due to the light source at every 
point on the sphere wall to be theoretically equal to each other. 
A photo-detector, installed somewhere on the sphere inner 
wall, then detects and measures this uniform illuminance in a 
form  of  an  electronic  signal.  In  order  to  measure  the  total  

 
 
 

luminous flux of the test source, both the standard and test 
sources would be, one at a time, installed at the centre of the 
sphere. The electronic signals corresponding to the illuminance 
of each lamp, detected by the photo-detector, are consequently 
collected. As the total luminous flux of the standard source is 
known, such value for the test source can be calculated, hence 
the name substitution method. 

Accuracy of the measured total luminous flux value is 
generally a topic of interest in the researches [6]-[9]. For the 
integrating sphere substitution method, a source of the 
inaccuracy is the spatial non-uniformity of the illuminance on 
the sphere wall [9], [10]. Such non-uniformity is partly 
attributed to the occurrence of a crucial component in the 
sphere called baffle. The responsibility of a baffle can be 
explained as follows: As the photo-detector is to detect the 
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uniform illuminance due to multiple reflections of the flux from 
the sphere wall, it must not detect the direct flux from the light 
source. Thus a thin opaque plate called baffle is needed to be 
installed between the light source and the photo-detector; its 
duty is to shield the direct flux from the light source not to 
incident directly on the photo-detector. The baffle is a 
necessary component of an integrating sphere; however, it is 
alien to the plain sphere wall. The uniformity of illuminance is 
thus destroyed, leading to the inaccurately measured total 
luminous flux of the test source.  

This inaccuracy in the measured value is enhanced when the 
luminous intensity distributions of the standard and test sources 
become increasingly different. An apparent example of such 
case is when the standard light source is a typical spherical 
incandescent lamp while the test light source is of linear shape, 
such as a linear fluorescent lamp or a linear LED lamp. 
Moreover, the alignment of a linearly-shaped lamp in an 
integrating sphere can be varied, leading to different baffle 
conditions, hence the different non-uniformity characteristics 
of the sphere response. 

A number of methods have been reported to reduce the 
spatial non-uniformity of the sphere caused by the baffle. These 
include increasing the number of photo-detectors on the sphere 
wall [9], [10] and improving the response of the detector [11]. 
These methods, however, require either modification of the 
sphere or changes of the sphere components, both of which 
may not be economically or practically suitable for an existing 
sphere. Some reports studied the effects of baffle on the sphere 
uniformity. It has been reported that the baffle characteristics, 
such as its shape and reflectance, could increase and decrease 
the measured total luminous flux value through its reflection 
and shadow, respectively [7], [12], [13]. This method could be 
used to reduce the spatial non-uniformity of the sphere. 
However, the reports have studied only in the cases where the 
standard and test light sources were not much different in 
shape. There is still a lack of study on the effects of baffle in an 
integrating sphere on the measurement of the total luminous 
flux of a linearly-shaped lamp by using a typical spherical 
standard lamp, even though such measurements have been 
practiced generally due to the extensive use worldwide of the 
linearly-shaped lamps. 

This paper reports the effects of baffle in an integrating 
sphere on the total luminous flux measurement of a linearly-
shaped lamp at two different lamp alignments: perpendicular 
and coaxial alignments. Two baffle effects – baffle reflection 
and baffle shadow – have been varied; their concurrent effects 
were then studied through the trends of changes of a correction 
factor called spatial correction factor and its relative 
measurement uncertainty. The results from this study could be 
used to optimise the baffle condition and hence improving the 
sphere uniformity. It could consequently be further developed 
to be an economic and practical method for any existing sphere 
to improve the accuracy the measured total luminous flux, by 
the integrating sphere substitution method, of a linearly-shaped 
lamp. 

2. EXPERIMENTAL 

The integrating sphere used in this work was a 2-m-diameter 
UL2000 integrating sphere from LMT Lichtmesstechnik 
GMBH, at the centre of which a lamp was to be installed. The 
sphere inner wall was coated with LMT PHP80 paint with the 
percentage reflectance of 80 % ± 1.5 %. The right hemisphere 

was movable for sphere access. At the centre on the left 
hemisphere wall a photo-detector was placed, in front of which 
was a baffle. The detector was from LMT and had a field of 
view of 2π, with the spectral correction factor '

1f of 0.5 % and 
the luminous responsivity of 18.96 nA/lx. These characteristics, 
nevertheless, had no effect on the trend of changes of the 
measured total luminous flux value when the baffle changed, 
which was a main purpose of this study. 

Figure 1 shows the schematic diagram of the sphere with the 
photo-detector and the baffle. Each position on the sphere 
inner wall was denoted angularly by two angles – vertical angle 
θ and horizontal angle φ, where the reference position of θ = 0 
was at the bottom of the sphere and φ = 0 at the hemisphere 
front-interface. Both angles were measured from their 
corresponding reference positions in a counter-clockwise 
direction as shown in Figure 1. 

The experiment was started where the spatial response 
distribution function, K, of the sphere was determined. This 
parameter is the electronic signal obtained by the photo-
detector when a light source illuminates at a specific position of 
the sphere wall; hence it is a function of the sphere wall 
position, i.e. K(θ,φ). The parameter was obtained by installing a 
sweeping LED at the centre of the sphere as shown in Figure 1. 
The sweeping LED set was from LMT Lichtmesstechnik 
GMBH and comprised of a LED and two stepping motors, 
namely θ-motor and φ-motor. The LED had an aperture of 33 
mm diameter and emitted typical cool-white light, the spectrum 
of which can be found elsewhere [14]. Due to the aperture, the 
LED would directionally shine the light onto a specific angular 
position on the sphere wall. With the two stepping motors, the 
LED could be rotated to shine on every position on the sphere 
wall. To start the scanning procedure, firstly, the LED was 
arranged to illuminate at the beginning position, i.e. the bottom 
point of the sphere; (θ,φ) = (0,0). The LED was biased at 3.5 V 
by using a power generator, providing a driven current of 0.17 

 
Figure 1. Front-viewed schematic diagram of the sphere with the sweeping 
LED set to obtain the spatial response distribution function, K(θ,φ), at a 
specific angular position.  
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A. Prior to the sweeping, the LED was left biased at this 
condition for two hours before the scanning was executed in 
order for the LED light to be stable. After two hours, the 
scanning started; the response signal K(0,0), detected by the 
photo-detector at this beginning position, was collected by a 
computer program. Subsequently the θ-motor rotated the angle 
θ by increasing at a 5° interval, and thus the LED illuminated 
the new positions. At each position, the response signals, 
K(5°,0), K(10°,0), K(15°,0), and so on, were collected, until the 
illuminated position was the top of the sphere and K(180°,0) 
was collected. Then the θ-motor rotated the LED back to (0,0) 
while the φ-motor rotated the angle φ for a step of 5° around 
the vertical axis to be at (0,5°). With φ at 5°, the previous 
procedure was repeated where the LED was rotated 
horizontally; The response signals K(0,5°), K(5°,5°), K(10°,5°), 
and so on, until K(180°,5°), were collected. The LED was then 
rotated back to the position that θ = 0 and new φ increased by 
5°. Such procedure was repeated until φ = 360°, where 
(180°,360°) was the last illuminated position that the response 
signal was collected, i.e. the whole inner wall of sphere was 
swept and K(θ,φ) for every angle θ and angle φ was obtained. 
This set of data was the K profile of the sphere for a given 
sphere condition. For example, a different baffle would provide 
a different K profile. 

Apart from obtaining K from the sphere, the luminous 
intensity distribution, I, of a standard spherical lamp and a 
linearly-shaped lamp were also acquired. This parameter is the 
luminous intensity, in the unit of candela, at each angular 
position around an illuminating lamp. Thus the parameter is a 
function of angular position on the sphere wall; i.e. I(θ,φ). 

The luminous intensity distribution at each angular position 
of the standard lamp, Is(θ,φ), and of the test lamp, It(θ,φ), were 
obtained by using a mirror-type gonio-photometer from 
Photometric Solutions International, PSI. The operating 
principle of the gonio-photometer can be found elsewhere [15]. 
Briefly, each lamp was operated on the gonio-photometer while 
a mirror rotated around the lamp and reflected light to a photo-
meter to collect its luminous intensity at a 5° interval for both θ 
and φ angles, similarly to the steps of the K(θ,φ). Once 
completed, the Is(θ,φ) and It(θ,φ) profiles were obtained. 

In this study, the standard lamp was a Polaron LF200 
spherical incandescent lamp, and the test lamps were five linear 
fluorescent lamps, denoted as lamps A, B, C, D, and E. All test 
lamps had been preliminarily burnt for 300 hours prior to the 
experiment to ensure their emission stability during the 
experiment. All test lamps had different diameter, length, and 
colour correlated temperature (CCT) as shown in Table 1. The 
objectives of using such test lamps with different characteristics 
were to investigate whether the diameter, length, and CCT of 
the test lamps would affect the effect of baffle in the sphere. 
Figure 2 shows Is(90°,φ) and It(90°,φ) profiles of the standard 

lamp and five linearly-shaped test lamps, respectively, at θ = 
90°, which was the horizontally cross-sectional plane at the 
middle of the sphere. For the standard lamp, Is(90°,φ) looked 
roughly uniform for all angles φ, corresponding to the spherical 
shape of the lamp. This was much different from those of 
linearly-shaped test lamps. For the test lamps, a pole of the 
lamp was set at the position φ = 0. For all test lamps, It(90°,0) 
and  It(90°,180°) were zero as they were at the poles of the 
lamp. The values gradually increased to maximum at It(90°,90°) 
and It(90°,270°) as such positions were at the middles of the 
lamp. The It(90°,φ) of all lamps were of similar shape but with 
different magnitudes due to their different lengths; the lamps 
A, B, and E, provided expectably higher I due to their longer 
lengths and hence higher power outputs. 

K(θ,φ), Is(θ,φ), and It(θ,φ) of each angular position (θ,φ) were 
further used to calculate their normalised values, ( )* ,K θ φ ,

( )* ,sI θ φ , and ( )* ,tI θ φ , respectively, as follows [3]. 
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Subsequently, ( )* ,K θ φ , ( )* ,sI θ φ , and ( )* ,tI θ φ  were 
used to calculate the spatial correction factors of the standard 
lamp, scfs, and of the test lamp, scft, as follows [3]:  
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Figure 2. Luminous intensity distributions, Is(90°,φ) and It(90°,φ), of the 
standard lamp and five linearly-shaped test lamps, respectively, at the 
plane θ = 90°. 

Table 1. Details of the linearly-shaped test lamps. 

Lamp Diameter (mm) Length (mm) CCT (K) Color 

A 
B 
C 
D 
E 

26 
26 
26 
26 
16 

1175 
1175 

560 
560 

1130 

 6120 
2820 
6120 
3865 
6120 

Daylight 
Warm white 

Daylight 
Cool white 

Daylight 
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Consequently, the final spatial correction factor of the 
measuring system, scf, was calculated as the ratio of scft and scff as 
follows:  

= .t

s

scf
scf

scf
 (6) 

This scf is a factor indicating how different the measured 
total luminous flux value is from the accurate value when the 
luminous intensity distributions of the standard and test lamps 
are different.  

Due to the normalised nature of both I* and K*, the value of 
scf technically falls around one. The value of exactly one 
indicates that the measured total luminous flux is equal to the 
accurate value. If scf is less than one, the measured value is 
higher than the accurate value, and vice versa. However, K can 
be affected by the scanning angular width and the aperture of 
the scanning LED [12], thus the absolute value of scf calculated 
in this study may deviate if those parameters are varied. As a 
purpose of this study is to investigate the trend of change of the 
measured total flux value, the attention was then focused only 
on the trend of scf regarding the change in the baffle conditions; 
i.e. if the change induced the increase in scf, the measured total 
luminous flux value was then decreased, and vice versa. 

A source that causes the scf to deviate from one is the 
presence of the baffle. This is because the baffle creates two 
non-uniform characteristics on the sphere wall [12], [16]: (1) the 
baffle reflection, or the high-signal region, on the sphere wall 
around the detector behind the baffle, and (2) the baffle 
shadow, or the low-signal region, on the sphere wall opposite to 
the detector. In this report, these effects on the total luminous 
flux measurement of a linearly-shaped lamp were examined in 
three studies as follows: 

a. Effects of the baffle reflection on the total luminous 
flux measurement of a linearly-shaped lamp with 
perpendicular alignment (i.e. the lamp was aligned 
perpendicularly to the line from the photo-detector as 
shown in Figure 3a). 

b. Effects of baffle reflection and baffle shadow on the 
total luminous flux measurement of a linearly-shaped 
lamp with perpendicular alignment. 

c. Effects of baffle reflection and baffle shadow on the 
total luminous flux measurement of a linearly-shaped 
lamp with coaxial alignment (i.e. the lamp was aligned 
along with the line from the photo-detector, as shown in 
Figure 3b). 

The perpendicular and coaxial alignments were chosen for 

study as they are the two common installing configurations of a 
linearly-shaped lamp inside an integrating sphere.  

In each study, the effects of baffle reflection and baffle 
shadow were varied by changing the baffle size (in Studies a., b. 
and c.) and position (in Study a.). Then the corresponding scf 
was evaluated. In all studies, the baffles were painted with LMT 
PHP80 paint at both front and back sides. Thus their 
reflectances were controlled to be at 80 % ± 1.5 %, similar to 
that of the sphere wall, during the whole experiment. 

The trend of change in the measurement uncertainty of scf 
was also examined. In each study, the measurement uncertainty 
of scf was calculated through the Monte-Carlo simulation [17]-
[19]. This was processed by the factor being calculated 
repeatedly for 10,000 times. In each time, the parameters 
K(θ,φ), Is(θ,φ), Is(θ,φ), and θ, were randomly varied within their 
uncertainty ranges, and scf was calculated by using (1) - (6). 
Consequently, a total of 10,000 different scf values were 
obtained. Due to the random nature of the calculated 
parameters, the 10,000 scf values were normally distributed. 
However, with such a large number of scf, its uncertainties 
estimated by using the normal distribution assumption were 
very small. Thus, in the following results, each uncertainty was 
estimated under the rectangular distribution to provide a larger 
value and to ensure that the uncertainty was covered in the 
range. This change in assumption had no effect on the trend of 
change in uncertainty, which was a purpose of this study. 

Regarding the rectangular distribution of scf values, the 
absolute and relative uncertainties of scf were calculated by using 
the maximum scf, scfmax; minimum scf, scfmin; and mean scf, scfmean, 
of the 10,000 scf values, as follows:  

 
−

= max minAbsolute uncertainty of 
12

scf scf
scf , (7) 

= ×
mean

Abs. unc. of 
Relative uncertainty of 100%

scf
scf

scf
. (8) 

All the relative uncertainties reported in this study were with 
a coverage factor of k = 1, corresponding to the level of 
confidence of 57.74 % regarding the rectangular distribution 
[20].  

3. RESULTS AND DISCUSSIONS 

Figure 4 shows a typical normalised spatial response 
distribution function, K*, of the left and right hemispheres of 
the sphere used in this experiment obtained by using a circular 

 
Figure 4. A 3-dimensional plot of a typical set of K*(θ,φ) of (a) left and (b) 
right hemispheres of the integrating sphere with a circular baffle; the 
horizontal axis, y, and the vertical axis, z, are the distances from the sphere 
centre. 

 
Figure 3. Top-viewed schematic diagram of a linearly-shaped test lamp in 
the sphere with (a) perpendicular and (b) coaxial alignments. 
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baffle. The baffle had a diameter of 120 mm, or 12 % of the 
sphere radius, and was located at 250 mm, or 25 % of the 
sphere radius, from the photo-detector. 

The result indicated that K* was not uniform all over the 
sphere. Two distinct characteristics could be observed: (1) the 
high-signal region at the centre of the left hemisphere where the 
photo-detector and the baffle were located, and (2) the low-
signal region at the centre of the plain right hemisphere. Both 
anomalies are of circular shape as a result of the circular baffle. 

Both characteristics were originated from the presence of 
the baffle [12]. The high-signal region at the left hemisphere 
was due to the baffle reflection; the light from the lamp was 
incident at the sphere wall around the baffle; it then incidented 
and reflected from the back surface of the baffle to the photo-
detector, hence the signal at that area higher than those in the 
surroundings. The low-signal region at the right hemisphere 
was due to the shadow of the baffle seen by the photo-detector. 
This is represented in Figure 5 which shows the relation 
between K*(90°,φ) and φ, i.e. at the plane with θ = 90°, the 
horizontally cross-sectional plane at the middle of the sphere. 
These two characteristics were expected to affect scf differently 
and were examined in the three following subsections.  

3.1. Effects of the baffle reflection on the total luminous flux 
measurement of a linearly-shaped lamp with perpendicular 
alignment 
The effect of the baffle reflection, i.e. the high-signal region, 

on scf was studied by the reflection being varied while the baffle 
shadow was controlled to have a constant size, and the 
corresponding scf was calculated. The experiment was carried 
out in a perpendicular alignment due to the space limitation in 
the sphere and the effect enhancement. 

The baffle was in a racetrack shape as shown in Figure 6, 
with the width, w, fixed at 120 mm, and the length, l, varied. To 

vary the baffle reflection but not the baffle shadow, the baffle 
was positioned at different distances, d, from the photo-
detector. When d increased, the baffle length, l, increased in the 
ratio that the baffle shadow on the opposite hemisphere at 
every baffle position was of the same size. The values d of 106 
mm, 154 mm, 202 mm, and 250 mm, therefore corresponded 
to the value l of 220 mm, 320 mm, 420 mm, and 520 mm, 
respectively. At each position d, the scf was calculated. Figure 7 
shows the schematic diagram of the sphere and baffle when the 
baffle was at the closest position to the photo-detector. 

Figure 8 shows the effect of baffle distance, d, on scf and its 
corresponding relative uncertainty. The relations of all five test 
lamps are of similar trend and show that, once the baffle was 
further away from the photo-detector, scf increased, indicating 
the decrease in the measured total luminous flux value. As the 
baffle shadow (low-signal region) was the same for all baffle 
distances, the reason of this behaviour was mainly due to the 
baffle reflection (high-signal region) generated around the 

 
Figure 7. Top-viewed schematic diagram of the sphere with a perpendicular 
lamp alignment with the baffle position and size changed such that the 
baffle reflection varied but the baffle shadow remained the same. Solid line 
of the baffle shows its closest position to the photo-detector. 

 
Figure 6. Sketch of the racetrack shaped baffle with width w and length l. 

 
Figure 8. Relations between the baffle distance, d, and scf and its 
corresponding relative uncertainty, with a coverage factor of k = 1, of 
linearly-shaped test lamps with perpendicular alignment. 

 
Figure 5. Relation between K*(θ,φ) and φ, at θ = 90°,  i.e. the horizontally 
cross-sectional plane at the middle of the sphere. 
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photo-detector. When the baffle became further away from the 
detector, light reflecting from the back of the baffle had 
decreasing magnitudes. This then led to the decrease in height 
of the signal at such area and the area size, resulting in the 
decreasing trend of the total luminous flux value.  

The relative uncertainty of scf on this effect decreased with 
the increase in the baffle distance. This was expected to be a 
result from the fluctuation of the high signal in the reflection 
region. Once the baffle was further away from the detector, the 
signals were less fluctuated, leading to the narrower range of the 
signal and hence lower uncertainty. 

3.2. Effects of the baffle reflection and baffle shadow on the total 
luminous flux measurement of a linearly-shaped lamp with 
perpendicular alignment 
Here the baffle was in a racetrack shape with the width, w, 

fixed at 120 mm, and the length, l, varied from 120 mm to 520 
mm. Its position d was fixed at 250 mm from the photo-
detector. As the baffle position was fixed but its size changed, 
both the baffle reflection and shadow would be consequently 
changed simultaneously. 

Figure 9 shows the relations between the length, l, of the 
baffle and scf of the system and its corresponding relative 
uncertainty. The relations of all test lamps exhibited a similar 
trend where scf decreased while its relative uncertainty increased 
with the increase in baffle length l. This indicates that, for this 
perpendicular arrangement, once the baffle became longer, the 
measured total luminous flux would increase.  

This trend of scf was a combined effect of both baffle 
reflection and baffle shadow. Once the baffle length increased, 
both effects would be enhanced as both areas increased. The 
increases in baffle reflection and baffle shadow caused the 
increase and decrease, respectively, of the measured total 
luminous flux [12]. However, the increases in both effects were 
of different ratios where, in this lamp alignment, the effect of 
baffle reflection dominated. This was because once the baffle 
length increased, its edges became closer to the sphere wall 
around the photo-detector. This caused the magnitude of the 
high signal due to the baffle reflection to increase dramatically 
with the baffle length, while the magnitude of the low signal did 
not change. Consequently the effect of baffle reflection 
dominated that of the baffle shadow, resulting in the higher 
measured total luminous flux and the lower scf. 

The relative uncertainty of scf in this lamp alignment was 
increased with the baffle length, indicating that, once the baffle 

length increased, the signal was more fluctuated. This was 
expected to be a result from the fluctuated signals in the baffle 
reflection region which became more fluctuated when the 
baffle was longer and closer to the sphere wall. 

3.3. Effects of the baffle reflection and baffle shadow on the total 
luminous flux measurement of a linearly-shaped lamp with 
coaxial alignment 
In this study, the lamp alignment was in a coaxial 

configuration as shown in Figure 3b, while the baffle was in a 
racetrack shape with width, w, of 120 mm, and the varied 
length, l, from 120 mm to 520 mm. In each l, scf was calculated.  

Figure 10 shows the relations between the baffle length, l, 
and scf and its corresponding relative uncertainty. The relations 
show that the increase in baffle length caused scf increased, 
indicating the decreasing measured total luminous flux.  

This is a combination effect of both baffle reflection and 
baffle shadow, where both increased with the increase in baffle 
length. However, the decrease in the measured total luminous 
flux value indicated that the increase in baffle shadow was more 
pronounced. This can be explained by using the areas of both 
regions as shown in Figure 11. When the baffle length 

 
Figure 10. Relations between the baffle length, l, and scf and its 
corresponding relative uncertainty, with a coverage factor of k = 1, of 
linearly-shaped test lamps with coaxial alignment. 

 
Figure 11. Schematic diagram of the sphere showing the areas of baffle 
reflection and baffle shadow when the baffle was short (black), and long 
(grey). 

Figure 9. Relations between the baffle length, l, and scf and its 
corresponding relative uncertainty, with a coverage factor of k = 1, of 
linearly-shaped test lamps with perpendicular alignment. 
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increased, the areas of both shadow and reflection regions are 
both increased. However, as the shadow was further away from 
the photo-detector than the reflection, the size of the former 
increased at the higher ratio than the latter. Hence its effect 
dominated, resulting in the decrease in the measured total 
luminous flux value with the increase in baffle length. 

Effects of the increase in area of baffle shadow caused the 
decrease in the measured total luminous flux value only in the 
coaxial alignment, not in the perpendicular alignment. This was 
because in the former, the increasing area of the baffle shadow 
was the area perpendicular to the middle of the lamp, which 
was the area with high luminous intensity distribution I(θ,φ), 
while the reflection region was the area with low I(θ,φ) from the 
lamp pole [21]. Thus, the shadow effect was more pronounced 
in the coaxial alignment. In the perpendicular alignment, the 
baffle reflection region was the area with high I(θ,φ). Thus its 
effect was more pronounced as explained in the previous 
section. 

The relative uncertainty of scf in this coaxial alignment 
increased with baffle length. This was because the increases in 
both baffle shadow and baffle reflection regions induced more 
fluctuated signals. It can be observed that the uncertainty of scf 
from this coaxial alignment was around 10 times higher than 
that in the perpendicular alignment obtained from the same 
baffle size. This indicated the poorer measurement performance 
of this alignment than that of the perpendicular one. 

4. CONCLUSIONS 

Baffle is a crucial component in an integrating sphere which 
is used in the measurement of the total luminous flux of a 
linearly-shaped light source. However, the presence of a baffle 
in front of the photo-detector in the sphere created two non-
uniform characteristics of the sphere response on the sphere 
wall – (1) the baffle reflection, or the high signal region, around 
the detector behind the baffle, and (2) the baffle shadow, or the 
low signal region, on the opposite hemisphere. By using the 
spatial correction factor, these effects were found to differently 
cause the deviation of the value of measured total luminous flux 
from accurate. The increase in the baffle reflection caused the 
measured total luminous flux value to increase. On the 
contrary, the increase in the baffle shadow caused the value to 
decrease. 

The increase in size of a baffle increased both effects. 
However, the dominant effect of the two depended on the 
lamp alignment. In the perpendicular lamp alignment, the effect 
of baffle reflection dominated that of the baffle shadow, 
resulting in the increase in the measured total luminous flux 
value, i.e. decrease in scf. This was because, when the baffle 
length increased, its edge was closer to the sphere wall and 
hence the height of the signal in the reflection region increased 
more dramatically compared to the baffle shadow. In the 
coaxial lamp alignment, on the contrary, the effect of baffle 
shadow dominated. This resulted in the decrease in the 
measured total luminous flux value, i.e. increase in scf, when the 
baffle length increased. This was due to the increasing size of 
the shadow which was at a higher ratio than the increasing size 
of the reflection. Another reason was that the increasing 
shadow area was the area with high luminous intensity of the 
linearly-shaped lamp, and hence it was more effective than the 
increasing reflection area, which was the area with very low 
luminous intensity. 

The increase in both baffle reflection and shadow also 

affected the uncertainty of the scf. Once the area of either 
region increased, the signals were more fluctuated, resulting in 
the increase in the measurement uncertainty. It was observed 
that the relative uncertainty of scf in the perpendicular alignment 
was 10 times lower than that in the coaxial alignment. This 
indicated that the former alignment could be used to improve 
the measurement uncertainty. Moreover, such alignment also 
provides more space for adjusting the baffle conditions to 
improve the measurement accuracy. 

These trends on the measured total luminous flux value and 
its measurement relative uncertainty were similar regardless of 
the difference in the length and diameter of the linearly-shaped 
test lamps. This indicated that the results from this study could 
be applied to other linear shape lamps with different lengths 
and diameters from those used in the study. 

As the presence of a baffle can affect the accuracy of the 
measured total luminous flux, its conditions including size and 
distance need to be carefully designed to provide the measured 
total luminous flux as accurately as possible. This paper focused 
mainly on the trend of change in the measured total fluxed 
value. Nevertheless, with further studies, the results could be 
developed thus that the baffle adjustment could be an 
economic and practical method to improve the accuracy the 
measured total luminous flux, by the integrating sphere 
substitution method, of a linearly-shaped lamp.  
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