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ABSTRACT CALCULATION METHOD OF THE

An evaluation system of the visibility of a ball fying LUMINANCE OF A BALL AND ITS
is indispensable for the best architectural design andg ACKGROUND

artificial lighting design of a baseball dome stadium, 1,4 finishing of a ball and all inner surfaces of the

as it is essential to create a suitable visual environ-yome is assumed to be diffusive. If we know the
ment for both players and spectators to watch the balljyminance of a ball surface and its background, the

This paper describes a simulation theory of the lUminance can be calculated as shown below.

visibility of balls flying in the baseball dome space o+ Ex

proposed by the authors and shows the recom- T:T """" (1)
mendable reflectance of the construction material and

suitable artificial lighting system by the simulated LB:LE“ ________ @)
results of a model dome stadium. The results of this T

research work convinced the authors of its
contribution to construct the visually comfortable
environment of a dome interiors.

L. : Luminance of a ball surface [od]
L. : Luminance of background [caff]

E., ¢ llluminance of a ball surface [Ix]
Er : llluminance of background [Ix]
INTRODUCTION or : Reflectance of a ball surface [-]

Five baseball dome stadiums, those are Tokyo Dome, »» : Reflectance of background [-]

Fukuoka Dome, Osaka Dome, Nagoya Dome and
Seibu Dome have been completed in Japan. TokyM
Dome is the only membrane structure dome in Japan“ﬁ is convenient to calculate the semi-spherical
Its roof is covered with diffuse translucent membrane. illuminance of a ball surface, because players and
Also Fukuoka Dome is the only rigid-structure type Spectators can only watch the half surface of a ball.
with the retractable roof. These domes are multi- The semi-spherical illuminance is defined as the
purpose stadiums, suitable for a wide range of sportsincident flux density per the perceivable hemi- sphere
as well as for concerts and trade-shows, etc.. Thearea of a ball. Semi-spherical illuminance of a ball
official games of the professional baseball as one offlying can be calculated by the sum of direct
the sporting events have being held in those stadiumsilluminance and indirect illuminance.
The best visual environment is required for these
games , because a ball which players and spectators
watch is very small and moves at high speed. For this
reason, the evaluation of the _\/|S|b|||ty_ of a ball flying light source can be calculated by the Eq. (3).
in the baseball dome space is very important for the 1+ _
. . e . COS Y
best architectural design and artificial lighting design. &, .. :Z; E, - T 6
E ... : Direct semi-spherical illuminance
of a ball surface [Ix]
E . : Normal illuminance of a ball
surface by a light source i [IX]
. : Number of light sources [-]
Y : Angle between the normal line of
the orthogonal bottom face of a
semi-sphere to the observer's sight
line and the line which connects the
center of a semi-sphere to a light
source i[rad.]

Fig. 1 shows the relation between direct semi-
Spherical illuminance and normal illuminance of a
ball surface. Direct semi-spherical illuminance by a

The visibility of an object can be judged by the
contrast of the luminance of an object surface and its
background. Accordingly we can do a simulation of
the visibility of a ball flying in the baseball dome
space by calculating the luminance of a ball surface
and its background.



Light Source i spherical illuminance.The average illuminance of the
ceiling is obtained by the Four Points Method of

the average illuminance calculation method using the
illuminance at many arbitrary points.

E..=E...+tE.; ,(5)
E.. : llluminance at a arbitrary point of
ceiling [Ix]

E ... : Directilluminance at a arbitrary point of
ceiling by light sources [IX]

. . : o ) E..: : llluminance at a arbitrary point of
Fig.1 Direct semi-spherical illuminance by a light ceiling by the floor (ground) [1x]
source Evii=mpig Efg - Uiy (6)

The Eq. (4) as shown below, proposed by Haeder, F p «« : Reflectance of floor [-]
is applicable to calculate the indirect semi-spherical E . :Average illuminance of
illuminance by interreflection in an interior of a dome. floor [Ix]
E, U ., : Configuration factor of floor to
Eviim=Esut+—— (4 a arbitrary point of ceiling [-]

4

E... :Indirect semi-spherical illuminance  THRESHOLD OF THE CONTRAST OF
of a ball surface [Ix] THE LUMINANCE FOR GOOD _ VISI-

E ..  : Average spherical illuminance of a
ball surface (scalar illuminance) [Ix] BILITY OF A BALL FLYING
SR The visibility of a ball is affected by the contrast of
E..= . the luminance of the ball surface and its background .
6 The threshold of the contrast of the luminance for

E, : Six-elements illuminance [Ix]
j : 1~6 (seeFig. 2)
E, : Difference between the illuminance
on the calculation plane of semi-

good visibility of a ball was investigated by an
experiment carried out in a dome covered with
diffuse translucent membrafie. In this experiment
the contrast of the luminance was defined as the Eq.

spherical illuminance and the oppo- @)
site plane [Ix] '

L+—L
—— " (for Ly=Lp)

C= Ly L
— =2 T (for Lg>Ly)
Ls

C : Contrast of the luminance of the ball
surface and its background [-]

L .- : Luminance of a ball surface [aef]

L ; : Luminance of background [calf]

When the luminancé. . of the ball surface is greater
than the luminancé. ; of its background, it is called

Fig.2 Six-elements illuminance of a ball surface as ‘Positive contrast . In the case that . is less
E,, E, :Horizontalilluminance on the two than L, it is called as‘Negative contrast .
pla_nes. _ The obtained results of the threshold of the contrast
E;~E, :Vertical illuminance on the four of the luminance for good visibility by this
planes experiment were 0.3 for positive contrast and -0.4 for

negative contrast.
ILLUMINANCE OF BACKGROUND

A ball hit by a batter flies under the ceiling of the |LLUMINANCE BOUNDARY CONDI-
dome. Consequently we can know the illuminance OfTIONS FOR GOOD VISIBILITY

background by the Eq. (5) for the calculation of the T, 1001 of the visibility of a ball flying in a dome
illuminance at a arbitrary point of the ceiling of a space is predicted by the calculation of the

gome.l TTet |gugun$]nce of th? é:.elllntg."of a dome cag illuminance boundary conditions for visibility. The
pe caicuated by the sum of direct riuminance and g, minance boundary conditions for good visibility
indirect illuminance like the calculation of the semi-



can be calculated by the threshold of the contrast of
the luminance mentioned before as follows.

Spegfator’ s stand

Good visibility of a ball flying can be taken by
satisfying the next condition for positive contrast.

IJ T IJ B
- (8)
Loz --(9)
T 0.7

The Eq. (10) is obtained by inserting the Eq. (1) and
Eqg. (2) to the Eq. (9).

Spedator’ s stand

o Eg
Erz—m ~---(10
TT0.7- 0 (10)
For negative contrast, the illuminance condition for
good visibility can be taken by the same way. i saw | 12 e .0 {
L o L - : 212 m :
— % =—0.4 ----(11) Fig.3 Plan of a model dome stadium
B
L+=0.6-Ls ----(12)
0.6 - - B S Vsl coitine ]
E. < OB B (13) w r\J bility of a ball L ceiling 00
p T Z; : ‘( Virtual wall

N

Accordingly if the illuminance of a ball flying in a
dome space is within the limit of Eq. (14), the
visibility of a ball is not good. The Eg. (14) shows the

illuminance boundary condition for the visibility of a | ek t
ba” % 90 m WRle 90 m %
0.6+ - E +Eux [ i i
Or DR < Or B .- (14) Fig.4 Section of a model dome stadium
orT 0. 7 0T

For the official game of the professional baseball, a
number of stringent lighting criteria were laid down.
These related not only to the suitable visual
environment for the players and spectators, but also
to the TV cameras for broadcasting. The level of
horizontal illuminance is one of the most critical of
these criteria. The maintained illuminance of 2500

SIMULATION EXAMPLES lux by artificial lighting is provided for the playing

The visibility of a ball flying in a model dome space Z°"€ of battery. Also, its illuminance for infield zone

were simulated for six kinds of artificial lighting @nd outfield zone are 2000 lux and 1500 lux.
system and three kinds of the reflectance of Maintenance factor of artificial lighting is 0.69.

construction material of the ceiling.

The visibility of a ball is influenced by +E, E ,

ot , pg and can be simulated by using the Eq.
(14). Also the ball illuminance is affected by the
reflectance of the construction material and artificial
lighting system.

The six kinds of artificial lighting system were
considered for the simulation of the visibility of a ball

Fig. 3 and Fig. 4 show the plan and section of a >*'"™"™ :
model dome stadium. The distance from home-basef¥ing in @ model dome space. Table 1 shows the list

to the widest point of outfield is 122 m. The height of the luminaires used for the each lighting system.
under the dome is 70 m. The reflectances of inner 1 N€ specification of each luminaires in the Table 1 is

surface of a dome and ball surface are as follows. S follows. _ _
A : Floodlight with 1 kW metal halide lamp of the
Ceiling : 80%, 50%, 30% narrow-beam,rotationally symmetrical type

B : Floodlight with 1 kW metal halide lamp of the
Wall -+ 10% medium-beam,rotationally symmetrical type
Artificial turf : 15% C : Floodlight with 1 kW metal halide lamp and
hood-louver,rotationally symmetrical type
Ball 1 75%



Table 1 List of the Luminaires

17 m

S =

g

H = 55

45

H = 65

Fig.5 Simulation points of the visibility of a ball
(H : Height above the ground level)

s Artificial lighting Equipments
y -
s [Floodlights for |Floodlights for Floo_dllg.hts for
. . . . the lighting of
t [the lighting of Jthe lighting of . .
laying-field upper zone playing-field
e grea space area hung at
m batons
No Lumi-INo. of Lumi-INo. of Lumi-INo. of
naire [floodlightsjnaire [floodlightsfnaire [floodlights]
A 528
1 J— J— J— J—
B 432
A 528
2 C 56 — —
B 432
A 224
3 J— J— J— J—
D 736
A 224
4 J— J— J— J—
E 926
A 224
5 F 112 — —
E 930
6|2 240 | — E 400
D 360
D : Floodlight with 1 kW metal halide lamp of the
wide-beam, rectangularly shaped type
E : Floodlight with 1 kW metal halide lamp and

hood-louver,rectegularly shaped type
F : Floodlight with 2 kW metal halide lamp and
louver, rectangularly shaped type

Table 2 Calculated results of the illuminance of
ceiling and semi-spherical illuminance for not good
visibility of a ball

] ] S Atverdagtzand Semi-spherica
The lamp flux of metal halide lamp is 115000 Im for | 2|5 o cirS of indrefiectance Muminance &
1 kw and 185000 Im for 2 kW. The luminaires | ! i"u‘lrninallncle of Jofcelling  lyisipility of a
. . cellin X
except floodlight E are installed on the wall at 34 m |m 9 ball
. . . . A .
height above the ground level. The luminaire E is |nofiiiimi- [Standard [% ] [Ix]
. - . nance eviation
installed on the ceiling at 50 m height above the
80 147<E<52
ground level. 1| 286 57 50 92<E<327
. . . T 30 55<E<19¢
The simulation points of the visibility of a ball were
. . 80 164<E<58
selected at the arena area in a dome. The heights of , | 5., 65 50 102<E<36]
examined plane of the visibility are 35m, 45m, 55m 30 61<E<221
and 65m above the ground level. Fig. 5 shows the all 80 150<E<53
of the simulation points. Five watching directions ofa |3] 294 60 50 94<E<337%
ball were considered. 30 56<E<=201
80 131<E<44
4 247 42 50 82<E<27H
SIMULATED RESULTS 20 29-F =704
80 177<E<59
Table 2 shows the calculated average and standard ¢ | .., 56 50 111<E<374
deviation of the illuminance of ceiling. The illumi- 30 66<E<224
nance distribution of ceiling was assumed as the 80 145<E<47§
normal distribution. The illuminance gE of 6] 270 a4 50 90<E<29¢
background in the Eq. (14) was assumed as the sum S0 S4<E=171

of the average and standard deviation for positive

contrast, and the difference between the average and )

standard deviation for negative contrast. The semi-Fig. 6 shows one of the simulated results of the

spherical illuminance for not good visibility of a ball Visibility. The numerical value in each box of Fig. 6

calculated by the Eq. (14) is also shown in Table 2. If Shows the semi-spherical illuminance of a ball and

the semi-spherical illuminance of a ball flying is Shadowed boxes indicate that the visibility of a ball is

within the E, we can judge that the visibility of a ball N0t good. Table 3 shows all the estimated results of

is not good. the visibility of a ball by using the same results of 72
cases as shown in Fig. 6.
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Fig.6 Example of the simulated result of the visibility of a ball
(Lighting system: 2, Height of examined plane45m, Reflectance of ceiling50%)



Table 3 Estimated results of the visibility of a ball

We can understand that the best visibility of a ball is
in the case of lighting system 2 with the 30% of
ceiling reflectance from the Table 3.

The visibility of a ball flying in the baseball dome
space is able to be simulated by the calculation of the
contrast of the luminance of a ball surface and its
background. The simulation is able to contribute to
the best architectural design and artificial lighting
design of a baseball dome stadium.

We can recommend 30% as the reflectance of ceiling
and artificial lighting system with the combination of
floodlights for the lighting of playing-field and upper
zone space installed on the wall through the
simulation. All luminaires are the floodlights with 1
kW metal halide lamp, rotationally symmetrical type.

The experiment for obtaining the threshold of the
contrast of the luminance for good visibility of a ball
was carried out with the assistance of Dr. Matsuura,
Professor Emeritus of Kyoto University and Dr.
Uetani of Assistant Professor of Fukuyama

Heights of examined plang
Reflectance of ~  |5¢the visibility of a ball
ceiling leggtténn? above the ground [m]

ol Sl I I CONCLUSIONS

80 1 JaN x x x
2 O x x =
3 A x x x
4 x A A PAN
5 A A A A
6 JaN x x x

50 1 ) A A x
2 O O A x
3 o) @) A x
4 PAN < < <
5 olo | x| x ACKNOWLEDGMENTS
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: Visibility at all points is good for all

watching directions.

O : Visibility at all points is good for the
most watching directions. Best visibility
is for the direction from the bottom.

/N : Visibility at many points is not good for
many watching directions.

X : Visibility at the most points is not good for
all watching directions

1)Haeger, F: Uber die Messung von Lichtfeldgf

en zur raumlichen Bewertung der  Beleuchtung mit
einfachem Me instrumentarium, LICHTTECHNIK,
26, Jahrgang, No.9, pp.385-388(1974)

2)Saito, M., Kashihara, K., Uetani, Y., Matsuura, K.,
Hori, T. : Experimental Study on the Visibility of a
Flying Ball in a Membrane Structure, J. of IEIJ,
Vol.79, No.2, pp.78 - 84(1995)



