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Abstract

Indoor illumination design is an important part but lack of system theory study. This paper is
aimed to optimize the illumination for indoor stadium particularly the table tennis venue. We
have given a light source model to describe these LED lamps used in the venue, also derived a
formula to describe the illumination distribution on reference surface further. We use Trace-Pro a
usual optical simulation software to study, and the experiment process is simplified by Taguchi
method. Further combining the theory of ANOVA analysis we achieve the optimized factors. Finally,
considering the different functional areas in the illuminated space, the optimal lighting design
scheme is obtained. The results have shown that the uniformity of panel I can get 92.39%, the av-
erage illuminance is 287.04 lux, panel II also has 59.37% for uniformity, 176.34 lux for average il-
luminance. The study of this paper will provide a more efficient and reasonable design scheme for
illumination design, and our theories and standpoints will provide some reference and guidance.
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1. 518

VE 9 EBR 1) Fe Fe 3R 7R 4 Z BUR AN RSB AR, R Fe BBkl [ 1 DUR o K ) R R A & 5
Wz —, BEANFL LSRR E = ERE T 2 k701 2 EFR 3 S E SR RN T RO O .
BEEIRE ‘IR EE” AR FEE N AR DL R AR RS SR OGE,  HEMNAH G 3 4 TR LA
Je A8 A BRI R O R IR T E m R . XTI ok dk, 7 AR R T mdiE
3, PRI RNZRaE 2 b3, #FHER S ER, X TENBEMN S, BB T X — ke E
KA EE B E KR [2] [3], SR HER R Ber N R LUROAREE, 1 1% A R =5 [ A HE)
Bt S AR BN, KIATREZENISER R RAMIR2] [3]. WESE[4]158 B IEGAT 4 F 218 1) e B
BeTH i 75 278 00 25 R I R DR 2 0 4G R B 38 50 P DA S 2B s AR, X [5142 v T i 2 4R Bk
TR LSRR TR SR, TREE IR MRS 5) B DL O AT & B IR it ARe S5 [6]0F 7L
T TR NAFAERIRZ G IR R, a5 B R s s AT L (A ) DA R 3% P P it A ) il DA R A% Bk
P CAT HIBIE TSR, FRATT AT LA BT i A 1R 21 A ke 5 P 37 T FR B 8 v ) 8 ) S BT 3 0 B A O SR
xof T 3550 FE s LA S B s ), ikl LED FRBIAT B AR 8, Feil 2 st = e akig i i u, a2k
A LED TARAT[7] [8] [9] H 2 32 BB -3 B4, ik if B2 % in) @l R A5 T0 R R, HZ TRIR 2R Fig
TR, U A e R Bk TE DL KR TR BRIl o} L BH 28 50 B SRR i AR B 340 5], Aol & Bt i e IR
(A B2 1 SR BE 340 50 B A R A AR R 1 1 8, 5 b D P T 463 B = Akt S e BRI T 1 R R 5 1RO A
I HLATA 25 4 3 V8 0 BB AT il R A e i 5 B ) B SR N S . W TR BRI EIX R E N
W VE R B R IR LU B A E MR ACR, INREFEZ I Bk K &, AR TARE E
“ogn” R RE, BETTAE PRIEBERE 1) JEAF 5 R AN [F) 24T B B 1R 5 SR B9 24 T T I P 3 — I /@ [10] [11]

I, Taguchi SEEG RN ISR MEGE, |2 M T 2 S5t 1 SE% . Taguchi SE4G /& Taguchi
Al Konishi 4 T AREIL R AR T 25 TR MRAL, T4 i —F ik m ki . REm
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KA T TR XTGBT, 7 AR A N Z0 T R M s, 2 000 T i sesid
FEEB, TAFRER, MELAER PR T R L if - J7 %, Taguchi Jrik Aoy —Mis R SEi st it rik ey
ROt G 7 ORISR, S N B A R S S SEIBE, RIBRED TSI s R, A B TR T4
R AL, bz TEARMIBIE, XA A BT RO v W ZOR N R A X3, R
SR B TR R T 5

g3 b, BT SR ERIE H ATH R B B DR, AU B Trace-Pro BfF, w1 Seilid # a5 FDGIR AR,
o T 2 ROCIRNAOEREE, JFCAONIERY, 3D SO @O, HE S RS2 IR AR A
MR A, e A RIOEIRECE N AL B2 5] B DL SR BE P34 00 B s, A5 Bl v 2
Taguchi SE5875E[12] [131EHR AT KT 75 20X, SRR B & B h, LUK B IR BE o #4700 T 72, LA Taguchi
JTEAS YIS AR B, B 22 7 5050 Hr(Analysis of Variance, ANOVA)SE T Hi X i 5§21
NIRRT, WHZ 7 AT R A AT I 6Bt T & .

2. {RBEEFITRIL 4
2.1. SEREREE

Ba%& LED T HAKE, H AT ESesfntE & KA LED HOGIFEHATIRI], & Wt Erky
HEAT 40 R P 1 Fir (9 =l LED [ 63U, 43 3 8 1E J5 T A 5 7 1) LED AR KT BA K IR FE W T0AT (1 1(a)) s
ERBATEI =R AT B B SR BAT A [H] 1 G SIR AR 2 LB B 2R AR 22 AN K, fa] S i) ok it
JE ¥ EEMMARE G4, /& 1(b). FRAI7E Trace-Pro 1457 10,000 mm x 10,000 mm x 2000 mm (K x
T x mHINL SR E, AR SEEIE 14 W, JeilE 100 Im/W)ASFFR G (K 5 (300
mm x 400 mm)——F& 1(d); 1EJ5 (300 mm x 300 mm)——[&] 1(e); (R = 200 mm)——I&] 1(f))7EJETH
) HEE 3 AT AR L R IAE 5 S I (R vh ' i G A AL R = ok T BLAE 8] — 2 I ) vh B - — 30
HRFE A3 A o JETFRATT AT LAk F — FiOG IR IR AT N — B W5

(b)
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Figure 1. Common LED surface light sources and lighting effects in table tennis training venues: (a) Several common LED
surface light sources used in indoor training venues; (b) Light distribution curve of common area light source; (c)-(e) Simulation
comparison of surface light sources with different shapes on the illuminated surface ((c) rectangle; (d) square; (e) circular)
1. ERKINGIHIEE WA LED EXRKBEAHR: (2) ERN/LMERINLAIER LED ELIR; (b) ERENXR
HIECERRLZE; (0)-(e) FRIFSKELIRES BE ERELIXTEL((C) KFHFH; (d) EFF; () EF)
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2.2. JERAF I B ERE S HRIEL S

WE 2.1 MBETT, ZMS T, BA T AR RBCE 2 O CIRA SR e, A2 2]
WL RE O T 7 8 7 Aok el AR R DN BAEOGIER, 002 ) o 14 e 55 40 A 9 [14] [15] [16]

1(6)=1,cos" @ @
-In2
__In(cosébz) @)

A@F, O)RMAN 0 T7 M EHEIEEREE; 1o &4 HAhZk(0 = 07) /7 _EreisaE; b m B LED 19
GERISHL Oy B o (2, O B IR IEIRIEIIN —F 162 BT I FR
FEALANE 2 BRI, BBETA BT B R REE R SRS, ARE IR P(X,, Yo, h), 7EHE

BIGIE h ()52 B IET EARROS A(X, Y, 0) BUALATF=AE AR AT 0R ,
h™l
E,(xy,h)= 0 w7 ®)
(=% ) +(y=y, )" +1°] 2
532 HE P T A R A R R A PR AR o el 22 AT AR B P T R T B i e, PRI ]
HEFAEZ IR L A(X, y,0) IR A,
n h™l
Ev(xly'h)zz : m+2 (4)

= [(x—xi )2 +(y-y; )2 +h2}T

X, n BaonlT RS BeE . 3t DHRRE S e 30, 32 I b B 10 i/ MELRR DAT- R A R
RS

U - min{E, (x, y£)|(x, y)e Al
E

\

i (4) FANG) ABA A IUTE i e B (¥ S B S A AT BARPI A 24 ET BARR(yh), 4T
HARZE (0 = 0°)J5 il L3RI o, Jeiliin e 52 M (1= B b DURJT B n (052 7 iR ade e kT B
RIMDZG o 7T UM —BOF AN, 71613510 AR B B D3, BRI A RETC R 3
AT B AR R R M SR, e SRR R s T B n B RARIT RS Ty SR —
Aoy T L TRl A B A TR 2t R Oy h) O ZE 5, T iE— 20 SR R EEA S I 22 57, T Bl 32
T = L h AR A B A S AN b 25 2 R, € PR AT CLERMRN h A [R] 2 R
I B IR BE AN, 2 T 51322 0 RE PRI AR Ak, 7 R BT 0 P 89 Aty RO R 10 25 4 3 250 17 R RE i 2 T ik o

3. #A Taguchi FiE+HH TR

Taguchi J7 it —Ff - 4R R A8 e UM X SR 38 e 1 7532, AT i AU i R B AN LA h S 8 e Ak 1]
Ao AR RAE A AL BB TAE SR P IR BN @A) 2 . AR U BT PR BT 2 AR A S
WSS ZH, o T RIRCR U 2 R RENEZ DL, BIRIUA, FEHES), ASCH 07
i 22 U BB P AT IR I AL . A Taguchi J5iksEifie v, B doid Bk e i RSk &%
U E SRR PE I BRAR LR o X T AR SO AL 00 Se e BRI U I BB BT 1) 0, HG SRR IR AT H A2 R T L f R
BEXIEIE P IR . AEBTESEIR, OF T A REHISC IR I EE R, R O R E LA IS 1 H AR (E
AR FAEHIE T ARMERRR B, FEURE A f VR R, B R R S R R R, R E e

®)
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PI7KHE, I HAE IR FEA FE A B A RIAT IR T R TH[17]. BARERT 2.2 it fe ek |
R TH s B B RACR AT RS S5 25, RSz BRI = B h 3E T . 25 S 0T BUE R
i AL AR 28 HH TR AR AR AL (i ) B AL N IR SR g R 22 X B HES 7 ) DL R 3= h R — AN a &= 1)
[EEE d(RA S B BAR LI 2(a)). X2 #A5 R ZARA I R F-an 3k 1 230 AJESIT7 R X), BUT A
[FIEE d)PA K COT ELFE S Ui HR T 2 (B A i B h), Hh AR FIENAFE S, A BUEES70XL, X2,
X3 (EARFEF 77 R LK 2(a)): B HL d =500 mm, 800 mm, 1000 mm; C H{ h = 2000 mm, 2500 mm, 3000
mm. #—kH Lo(3") B R B (32 2), W7 B AR P P8 IR A AN S FEAE, 1M B 1 B 3k
T RIS A, REHUE 2 A UL BERN R AR, W 701 FE ok 52 P T 40 o e 3Rk
AN = T 0.6 m o FH 3 A R B S I8 T (1] 2(b)) . 7R SZB&kfrh, I Tracepro %47 B LK 52 [ %5 1A]
HEATEABE, 4T H N 300 mm x 300 mm ¥ 1EJ5 & LED THYGIE, 6T HS80h 14 W 1) LED IEJ5 R
U5, AR 100 Im/W, BT R EGZEH y 20,000 HR[18]. S/N fHEM{EMELL, J& Taguchi
JiiE R R R ARAR, RHE TR R TR SR, AR OCRF AR IR, R 4 TR L T AR
TR R e R /N BRI [19] 0 A S0 R E BH 35 50 BE DL R ST 35 R FE 350 75 SRR OB &7, 0 TR S EE R, X

SIN B A N[20]:
11
2
Lis (S/N)=-10lg 'zlny‘ (6)
£ L] E - é ] ]
g ] | n
§ - - - n n ] " ™ -
X1 X2 X3
(@
BIRET BT
| J
(b)

Figure 2. Table tennis court lighting effect simulation space diagram: (a) Top view and corresponding research factors; (b)
Side view and corresponding research factors
2. EEIKIARIAMREUZEREE: (2) MRERBNHNHRET; (b) MRERERHNHRETF
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Horry, FORE | ANSPURE, n SIS L. I TracePro U0 BRSPS REEE RIS S B, PGSk
B2 B A S(6) TH AR N S 2 1 (1 | ——BRSE 11, P N——m T3 0.6 m Z i) -1 21
FERBRFESS S BER) SIN B, Wk 2 fis .

Table 1. Influencing factors and control level

@ 1 mEF R EESIKE

= FSIEE N IKHEEL IKE— Kk KHE=
A HeF1 77 2 X 3 X1 X2 X3
B JT LA B d 3 1000 mm 1400 mm 1800 mm
C YT RLFE B 2 IR = FE h 3 2000 mm 2500 mm 3000 mm

Table 2. The experiment was designed with L (3*) right angle meter. (a) Statistical calculation of reference plane I and (b)
Reference plane Il

F 2. RA LEEARIRRIT. @QSRBE I MO)SEE I HEIHTERR

@)

WS A B C SR MISE©®) SHIE S (ux)  BSER SN PR SN
1 1 1 1 98.01 570.30 39.83 55.12
2 1 2 2 96.26 334.00 39.67 50.47
3 1 3 3 97.78 267.85 39.80 48.56
4 2 1 2 98.51 467.95 39.87 53.40
5 2 2 3 98.20 294.70 39.84 49.39
6 2 3 1 94.37 342.80 39.50 50.70
7 3 1 3 92.60 337.15 39.33 50.56
8 3 2 1 96.54 454.65 39.69 53.15
9 3 3 2 91.99 284.90 39.28 49.09

(b)

SRS A B C O SN NN (%) SR IR (ux)  INER SN CPEIRRUE R SIN
1 11 1 25.15 194.47 28.01 45.78
2 1 2 2 41.365 185.68 32.33 45.38
3 1 3 3 60.31 160.37 35.61 44.10
4 2 1 2 33.08 182.38 30.39 45.22
5 2 2 3 49.34 163.89 33.86 44.29
6 2 3 1 47.84 203.89 33.59 46.19
7 3 1 3 36.19 165.22 31.17 44.36
8 3 2 1 28.41 202.85 29.07 46.14
9 3 3 2 47.50 181.55 3353 45.18

BB HLE AT 1 SIN BT HHRSGHHIF 2, 4R 3() MK 3(b)Fm. AL, X+
22000, W Rk i, WSIEAEIN S, £ ALB2CL ALHAG I 5] B feft:, (E T4 8 R i 35 T
£ A1BICL ALHUS RS R, Wt — D — BT 150, BT A Lik2 ALILR A2 X TSN
SN TE SE RI2MA/N, (ER AR A3 I 2t Ry 50 B RO B P S IR AN R A W B AR
K7 B FEHX B I (4 5] G /N T B2, (HR KNI K 1 & - T IR EERCR AR 4L, O 1 B AN SR,
PRl A S 4 B BEINEId s KT C AR C1 ARHUASEY 2] FERISF SR B2 (o R AH, (R BATAMEA LR
T CR TR R TS B, T3 C XN AT R S5 e, A @) 7S s
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FERER, FRPEH T M. 28 BEFXFE 1, SR AIBLICL. 1M il it BiE et 3RA AN ME & B4 20 45 S ~F 1
| I35 3 T 90%, 1X 7o ik 2L 2 v T IR A b 28 s B E I hxd 1% P i B i = i 20Kk, JE By
Wb R B B B Y ) T B 0 R 2 M HE S 7 NS M 25, (RIS 7 R B R T
P2 1 LU BE B N R DX BB AR, A0 DA FLAth D e X3 1) BB BA 25 SR A o 3T e e BRI R B O
R AR, — T THAE T8 SR L R BOI 25 DX 380 (S HRTHT 1) e A B 28R, (Rt A S At D R [X
NNk bt e e S AN T e T 1KY

I 2 FE 3(c). [ 3(d), Sk e A ERAT TR IS 25 1 11 £E A2B3C3 A HRAS-34 5] FE i KA T 7E A2B2C1
AR EATF 35 HE RS (1 fe KR, o B R IAHES 7 A B ER 7 A BBR KR B2 52 2 5 T | 35 &) BEAR N 2 26 T
1177 55 R LN, AR R RE AT 5 FERRAE A2 AEEUAR 5K, 32 R A2 R I HES 7 AR B, AR
TP AELE B T X Sk i 0 AT BETT A R TS5 10 1 P I8 A A FE i s T B P 1 5
SRR P B2 AN K, B2 Al B3 0] (-1 357 HE R AR A B2 ) LT T DA, e e SR A A
PRAR IR o B S 4 B3, AH LTI |, 354 251 5 R B I7E SHUIRCR I A3 B IR FE A8 &) B
TX A it KT L R o 3 kT LR v D e St Rl X el SR 1T I I R B AN AT RS R ER
Kl C - HE FEANIS 5] FE R s s O H & AR R IS, N 7 i #1888 C2. a4 AP 1 N
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Figure 3. S/N value corresponding to each factor level: (a) S/N value of illuminance uniformity of reference plane I; (b) S/N
value of average illuminance of reference plane I; (c) S/N value of illuminance uniformity of reference plane II; (d) S/N val-
ue of average illuminance of reference plane Il

3. HEFKENRA SN E: (2) SHE | BEHSER SINE; (b) 28E | FHRER SINE; () BRE I
REHHEH SIN{E; (d) SRE N FHRER SINE
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ZHRiH, 1925MMAN A2B3C2. HEhiES S RIS ICATAT A X7, HEHE 2 aTLURI,
MRS BEECET N AR, PSR DUREFE T LR A BRSO, Rk DL A2B3C2 1A 2
FETHI 5 B A, 2 F BAR S H0R - HE51 5 300 X2, 4T BRI d = 1800 mm, %I EL -1 #E =5 b h = 2500
mm. SALEER SR O RACR M E 4, 3B R IR RS IR | E R 51
N 92.77%, P3N 309.90 lux; TS ETH 1 _EXF B 3551 B A 55.99%, ~P¥REE N 178.17 lux.

lux 1370 1000 500 0 -500 -1000 -1370
450 370 1370
420 1200 1200
390 1000 g 1000
360 3
330
300 -

270 ]
(]
240 £
210 E
180 >
150
120
90 -1000 -1000
60 -1200 -1200
30 -1370 -1370
1370 1000 500 0 -500 -1000 -1370
0 X(millimeters)
(@
lux 5250 4000 2000 0 -2000 -4000 -5250

320

........

I R b '
----- 1000 541!
= :
80 i
BE(Alt + A
oy ( )
40 -5000
20 5250 4000 2000 0  -2000 -4000 -5250
0 X(millimeters)

(b)

Figure 4. The illuminance distribution of reference surface | (a) and reference plane Il (b) corresponding to the optimal solu-
tion condition
4. ZMBEHXNNSRE | (MSRE I O)WRESHIER

4. TRB7Hr(Analysis of Variance, ANOVA)
BT A SR BT B A % e T R AR e AR B . 3 — 28R A ANOVA J7EE— 24 #
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LA PR 0 BT A DTERE . ANOVA R B2 AR5 A S8 18 22 3 LA 1 73 EE A0 77 ot B 0 T
£ Taguchi JivE, WA HARADNIRZ I — 05, B 7R A S8 % 22 LU ARG R 2 5 K, 47iA
SESLIA T RNy “AREN” B “HER” o A TERIREE, W LRl AT RN AR TS
RN CEEN” o KA CEENT BRI R E TR, A SR TINR A, HoAd < mE
Pk AR LK BIZAR L (10 R 5 RN IR A AT R R S 06 1R 22 38 PR A A L B2

ANOVA JjikBIJ5 Z 3 #ridi, 1 R. A Fisher 8, L3 TP R IS DA EREAR I B2 1) 55 2%
VERETS:, RIOE I iy T SEIG 26 P AR LR 22 Pty R (O AL IF) 22 S A N 22 53, SRSRAESRIG Y e i 22 [21] o Gl
PR SR PR 1R SE 00 i 22 B0 T L, SRPPAS 252 M IR T I Tk A, B SEIR S5 R MARRL, STk
KA Tk it — B 7T, Wik BRI B 5 W S (R IR AR AR, 2R P 1 9 95 7 R i 2
& p [13] [14PRER:

_ Ssd
p= s, (7
Ssr =S¢y +Sse ®)
s, FIS, FAHTER, S, MR TR TR B AP, AIEIAS, 1 0). S, i1 SIN LA
ZERNT] IR N
Sgg = Z(’]i _77)2 9)

i=1
A, mRSIR B, o REARTE IRSEKR SIN H, 7 RN SIN FPPIRME, fEARSL
7 =L (S/N) o THEAF M 70 W BUR TTBREE, e 3 pow, W TS | S, R ER
FEEFLHS 7 X, STREE d ke, Tkt 35 R 52 ma ok 12 AT B a1 fE d AT B B
ORI EE B ho XPZHRTI 1, 52ma 35y 5] B2 S SE R 22 AT B ARIEE o AT H P i s st i R EE 5 h, s T
ST 247 5 PR S0 B R AT LT T BE S M (R BE S he il T T AR AN S T O MR ROR, IR
Mo R % B A ) T LA AL S HRTH 1 IR BRSO H i, 32D 4E X5 ANOVA i gs iR, A Bl
W7 C XF S 11 FREEH R B s2m, IR ARSI 45 5 . anl&] 5(a). & 5(b) BT 1E B L% (A2B3C2)
kLAl EAFST T h 7E C2 (h = 2500 mm) PR BN [RIBUE R SR 1 R B2 /A DL ARt . IR 72 K
LTS B 1 351 BT 5 7 h 38 2400 DL_EREARWE BN, PR EREE h 1938 K28

Table 3. Contribution rate of contrast uniformity and color mixing uniformity of each factor on reference plane I (a) and ref-
erence plane 1l (b)

F# 3. AZRE | (FMERE I ) LEEFHREHSER S ENTTEE

@
M T X2 T | L SE 35 50 BE 1A TR 26 XS IR | P42 [ L A SR
A 56.13% 5.97%
B 32.92% 47.56%
c 10.95% 46.46%
(b)
LIS KPS 1R EERS 5 FE A SRR R X2 BT 11 1240 8 B 11 Tk
A 14.96% 7.94%
B 48.41% 7.41%
c 36.64% 84.63%
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ER AR R I S PROH I 5 AR T 2 . S5 A 5 RE, R 2700 mm A, SR ZES IRIE 1 R
ML At L an &l 5(d), YISIEEN 59.37%, ~FIJRRFE 176.34 lux, AHEGEARMEAE CRUE T35 ]E B2 L AAN
IR TR S IR T 10%. ZHRTH 1 (5(c)) LRSI 92.39%, “F-IHR)E N 287.04 lux, fKIHLR
R e [ 35 50 FE AR [T 35 RS

1370 1000 500 0  -500 -1000 -1370
1370 - 1370

l/
AN
\I

Uniformity
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