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Summary

It is indispensable to understand the luminance distribution to evaluate the visual environment.
However, it is difficult to measure the luminance of the extremely small aspect of the woven cloths by
goniophotometer. Therefore, we investigated the methods of calibration of the luminance by analyzing the
image data that was taken with digital microscope camera that installed a polarizing filter. On the shooting
condition, the angle of incident light was 45 degrees, and angles of receiving light of reflection in the same
plane of incidence were five types; 0,15,30,45 and 60 degrees. In addition, by adjusting the polarizing
direction of the filter, we recorded two components of the lights reflected from the experiment samples.
This report describes the methods of calculating the effective luminance by using two kinds of nonlinear
functions; exponential function and wiebull function.
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Table 1 Correspondence of the pixel value and the luminance value
in the gray scale(reflectance 81%).

reflected luminance reflected luminance
reﬂected o average value reﬂected average value
light (degree) pixel value (cd/mz) light (degree) pixel value (cd/mz)
D 0 118.50 8.35 S+D 0 122.55 9.29
D 10 117.13 8.32 S+D 10 123.21 9.45
D 20 114.88 8.38 S+D 20 125.63 9.93
D 30 115.70 8.36 S+D 30 134.22 11.06
D 40 120.75 8.31 S+D 40 149.22 13.50
D 45 124.04 8.21 S+D 45 154.87 14.11
D 50 124.50 8.10 S+D 50 149.83 13.00
D 60 108.25 7.53 S+D 60 126.96 10.17

D:; Diffuse reflectance, S+D; Speculer reflectance + diffuse reflectance.

MIESNDLURAIOE 7 vV EEF T 57201218, EELRLISHEO Y7 B EE RO 2T
NIEZR B0, PIHE CRDZARBIK L LTHWEZ LA 27— (KR 81%) O
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Do TNETUHNA AT TRE LRE LT VA NLVERIZH D ZNENOBRBIES LA 2 /r—
NOE 7 EE (V) 26, BEMHIESZREEGO e 7 A (P %35 BB ELUAT
DY 7 EME P2) %X (D ICRVERE GH) Uiz, RENEZATH LD, BIEOZL
T, b REWEIETHL/ VA 0.89 THh o7,

P2=Pl X (L/V) ()
X () ICEVWVBRESHETDHNAMEBGBOE 7 B AAEEHE LEEEEO 7 4 v T 4 > 7120%

fi##t > 7 & (Origin.8.1 OriginLab Corporation) % V>, ZALEIUCH#E 2N LT A —2 %
EHT L 720
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Table 2 Details of 4 experiment samples.

sample material/ woven density thickness . .
label processing pattern (end> (mm) direction
pick/cm)
S1-Al warp
slA2 oMM i 5208 022 weht
mercerization
S1-A3 bias
S2-Al warp
S2-A2 cotton satain 34x52 0.28 weft
S2-A3 bias
S3-Al warp
S3-A2 silk plain 54x40 0.12 weft
S3-A3 bias
S4-Al warp
S4-A2 nylon plain 46x34 0.12 weft
S4-A3 bias

22 (S4) VTG A EHE 100% & UTze FilEZ OREREE 0O 72 12 R HETR 23 T8 TR,
ZO1, HEEICRETHMOSGET, KEHESLZOREN R D L TREND, LoT, 4
FEOMAREHI TG, &M (LT, Al i) Sfdim (A2), 1 7 2J50h (A3) I
HELT, ZNETNHEEIToTo. T2, A Ar—) Vil & RIS, B2RIKERD 7 LA
A=) (HTEE 81%) ZFUEH EEBICIRAT L CTHlllE () Uiz JESMED, 12.1.2 JIES
R LTRIR, ZRAE, RKEXONEFIEEFATE L, TYVXNM~YA I nRAa—TOEEE
20 5 LTHIE (i) &1T- 72

232 ABIOBEHRTE R E

FUHNTA I B A—T T]RE LR OFT X VT X TIZ 20T, EaET % $
OMTHLE 2 BEFE Y O #iPH (i 38pixels X i 50pixels, 51 1 0.24cmX 0.31ecm) & A7 M A HLH 5
JEFR Y D#EPH  (fiE 8 ~ 10pixels X A 128pixels, 21 : 49 0.05cmX 0.8cm) D 7 & /LAl % BEak D
EifR Y 7 N CHUS Lz, Zrds, fHIE S EERPHOHNE 8 ~ 10pixelslE, &V K 1 AR LEHEY
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Table 3 Results that the pixel value corresponded to the luminance
value on the gray scale(81-3%).

D S+D
. . luminance . . luminance
pixel pixel value of pixel pixel value of
labels  value of value of oray scale value of  value of gray scale
reference gray scale 2 reference gray scale )
(cd/m’) (cd/m”)
receiving angle; Odeg
No.1 123.74 0.00 0.18 128.65 0.00 0.54
No.3 117.36 0.10 0.29 126.77 0.01 0.71
No.5 122.88 0.38 0.81 121.69 0.04 1.08
No.7 129.26 0.64 1.16 125.25 1.34 1.47
No.9 129.57 21.18 2.72 130.97 26.31 3.34
No.11 131.04 64.09 5.44 132.38 69.18 6.59
No.13  134.92 94.36 6.46 134.51 99.42 7.23
No.15  134.69 122.86 7.74 136.29 127.20 8.94
receiving angle; 15deg
No.1 124.94 0.00 0.17 126.58 0.00 0.94
No.3 116.25 0.10 0.29 130.69 0.15 1.15
No.5 124.00 0.26 0.78 126.19 0.21 1.46
No.7 132.27 1.29 1.15 133.74 6.83 2.07
No.9 131.23 24.84 2.67 139.41 37.38 3.89
No.ll ~ 133.33 63.86 5.39 143.21 75.24 6.81
No.13  134.02 93.88 6.35 143.21 104.61 7.68
No.15  133.99 120.98 8.35 142.54 131.18 10.26
receiving angle; 30deg
No.1 126.49 0.00 0.20 135.05 7.01 2.17
No.3 119.11 0.10 0.29 139.82 19.09 2.93
No.5 127.76 1.16 0.66 136.34 16.20 2.93
No.7 138.70 14.31 1.11 145.52 33.78 3.23
No.9 134.51 41.61 2.47 152.57 66.48 5.34
No.1l  140.36 73.09 5.28 154.38 93.32 8.80
No.13  139.26 98.11 6.59 157.06 115.12 10.33
No.15  138.65 123.41 8.32 153.14 142.29 11.03
receiving angle; 45deg
No.1 155.65 4428 0.21 176.64 59.77 3.39
No.3 156.74 59.58 0.34 173.83 64.92 4.02
No.5 122.70 12.67 0.67 161.10 72.73 422
No.7 152.24 56.84 1.00 173.33 82.82 5.67
No.9 125.55 50.24 247 156.88 92.90 7.09
No.11 113.48 90.25 5.12 151.97 112.61 10.44
No.13  218.85 111.63 6.26 185.80 135.17 11.59
No.15  155.10 129.19 8.20 183.58 158.02 14.11
receiving angle; 60deg
No.l1 128.11 6.97 0.20 137.91 429 0.62
No.3 117.89 0.06 0.26 139.85 1.02 0.63
No.5 127.94 8.03 0.66 138.24 5.80 1.00
No.7 142.62 27.20 0.97 145.70 22.26 1.43
No.9 138.64 48.59 2.09 150.52 56.11 3.14
No.11 ~ 148.35 70.26 4.69 156.32 82.31 6.73
No.13  147.35 86.59 541 158.07 102.66 7.57

No.15  146.04 105.85 7.63 156.70 125.62 10.52
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Fig. 3 Correspondence of the pixel value and
the luminance value in the gray scale;

Odeg.
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Fig. 4 Correspondence of the pixel value and
the luminance value in the gray scale;
45deg.
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Fig. 5 Correspondence of the pixel value and
the luminance value in the gray scale;
60deg.
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Table 4 Results that fitted by estimated function expressions.

expression

labels function expressions D-0deg  D-15deg D-30deg D-45deg D-60deg
Exponential y=y0+4e "™ @) O O O x
ExpLinear  y—Pe ™" +P3+P4x x x * O 7l x
Wiebull — y=y0+b/a((x-c)/a) " expi-((x-c)/a) " } x x X x X
Swiebulll =4 (]-¢ **x4) Ol Ol O O x
Swiebull2  y=4-(4-BJe ™ O O 71l O O O
expression function expressions S+D- S+D- S+D- S+D- S+D-
labels Odeg 15deg 30deg 45deg 60deg
Exponential y=y0+4e "™ O @) Ol Ol x
ExpLinear y:Pje"’PZ +P3+P4x X x x X X
Wiebull — y=y0+b/a((x-c)/a) " expi-((x-c)/a) " } x x X x X
Swiebulll  y=4(]-¢ =) OxYl O¥l O¥l 0Oyl @)
Swicbull2  y=4-(4-BJe O 02l O oyl o

FRT 4 T4 T OREFITFR A IRTEY THDH, WRLET7 4 v T 4 712iE T0O) %,
WHR LAeholeZ 4 v 7 4 o 7000F TX) AL, By 'R L, <74y T 4
VIDE LT E B ONSRERITIE  * L 1EFR LT D, SHDEBICT X TOZKAETT 1 v
T4 T RR L= DL, Wiebull B4k 0 i O Swiebull2 B D 7T, Swiebulll BI%k 133z 6 £ &
60 & DDA TR L 7=,

ZIT, TURNEGDOE T BIAEN BREMA~EM#ER S ) 7 L—a UM Thi T
IETERT 5D 72912, Swiebull2 B OB TH D Q) EHHENT2K /T XA —F &1 1232
RO HEE L) O LI B X D ATRE OB E S i 2 el Lize £D 95, S1 (v—
BN LI Rk ofidsi) A2 GEHFIA) 1COWT, ZAMEE 30 FEL 45 FEOREAR 6 10577,

y=a-(a-b)Xexp(-(k Xx)"d) )

AR 30 EETORER AR LR TIESHD, SHMAE 45 EDO FRTEDOF v ) 7 L— =
UHRERRE B NCEME TRV RS0 D B TIEEEE 11(cd/m®), %% Tl 8(cd/m’)LL o
EERST, Eoiiko s 77 o7z,

ZOABE 30 FEEOFERIC OV TIE, WiebullFA%°Swiebull2 BI# D 7 ¢~ M#RAST 7 — 7

ERTEBRCTHIE0REEEZOND. OFV, ZIHME 45 FEUNDOST I — 7 Tldle Ik
PRI IS B R EOZ A (0 F, 15, 30, 60 ) 28\ Tk, WiebullB# iAo Bk
LoTT7 4T 47 LARTNERLRNZ ERHLNTH D, LovL, Exponential % CIED
HSHDH 0 FETT 4 v T 4 IR L oTz, T8, F3OMEEZHERF LIZE 2
5, 60 FEIZZEDOMIEIZL 0 ZRENED Liz2), DHESHDY, ik bIRFVNo.1 & KICHE L No.3
DT VA AT —)VORFHREEICENRENT, E7 BUENPEIET D8R ERoT2Z &30 o
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Fig. 6 Results of luminance value that calculated from

position

the function expression ; “SWeibull2”.
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Table 5 Parameters that estimated by the fitting
function expressions.

parameters-Exponential

statistics

labels 0 A RO adjusted R’
D-0Odeg 9.78642  -9.19211 -0.0116 0.9856
D-15deg 15.58037 -15.00449  -0.00575 0.9829
D-30deg 2093.753  -2093.495  -3.11E-05 0.9913
D-60deg 5259.757 -5260.295  -1.37E-05 0.9436
S+D-0deg 11.89588 -10.98666  -0.00973 0.9866
S+D-15deg 5549827 -54.22446  -0.00133 0.9859
S+D-30deg 918.2735 -916.8128  -7.78E-05 0.9621
S+D-60deg 6547.168 -6547.211  -1.20E-05 0.9527
parameters-Swiebulll statistics
labels A xc d k adjusted R’
D-45deg 509.9062  -20.62358 1.60961  5.09E-04 0.9823
S+D-45deg 15.38088  -28.28063 3.07072 0.00709 0.9805
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and the calculated value on calibration;
60deg.

y=y0+A X exp (RO X x)

y=AX (l-exp(-(kX(x=-xc))"d))

HRERBK LT, TOdsd TE s L E
&L & OIFIBINE R BE L, =
BEOFE, 15, 30, 60 B [XExponential 3 %%,
45 13X WiebullB %@ 5 © Swiebulll O BEAC
KoTT74 v T THiTHOEE LT
BHENTZART A= IES OB TH D,
WL, BEEARERE R?) 2309 L
LRy, BEOEWT 4 vT 4 T Th
722 LR E NIz, £ 2T, b TExponential
BB OBHTH D (3) L Swiebulll B¥D
A ThHIX @), I5I1C, BHIES
FRA=ZEMEN, BEMED T LA A — )RR
®OE) L, BOE L7 B Ul S
~NDOX YT L— g rEToT,

@)

3.1 &2 &/ Ll — B O] ISR L7 LA 27 —No.d 7BNo.l5 £ TOE 7 b
il — A OSSR 2 BHE (R 3 05/ 5 IRENTZHAIAR), Fv U T Lb—ya U fiR%
B EERE) L LT, ZRAET LIS T IS LEEENSK T S 11 Th b

W O G EE S BUAME & BRI L ok zEN D nEE R E e o T, ZhuE, EER TR
BoNWT X IVEGRO E T Ul & A O IERIEISE A3 E S S U7 BEERE A Exponential B
Bl & Swiebulll BIBAIC k> THEBENTWE Z L, 2F 0, EfElLxy ) 7 L— a3 VR’ 7T

PNIZZ ERREENT=HDTH D,

33 IEENMOEERER

HE Xy U7 L—2 3 CORRICONTHA
HATHFY VT L= g LICHER (Ke6) LT 572918,

B OB /A THeRR L7z, £ 9, Swiebull2 B

1212, =—&AMLLEY

FARAT ORI\ (S1-A2) DA FE 30 & & 45 FEIZ-DU T, Exponential B & Swiebulll B4k

KTHRy VT L—2 g L RE2TRT,



&
o
e
Hﬂ_ﬂ

SRR AR B 63 5 (2012)

%2
e S1-A2-30deg —D —S+D
[}

E 15
<

>

o 10 |
Q

g

£ 57
E
20

1 11 21 31 41 51 61 71 81 91 101 111 121
Pixel position

S1-A2-45deg —D —S4D
15

Luminance value (cd/m?)
=

1 11 21 31 41 51 61 71 81 91 101 111 121
Pixel position

Fig. 12 Results of the luminance value that calculated
from the function expressions ; “Exponential”
and “SWeibulll”.
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Fig. 13 Results of the luminance value that calculated
from the function expressions ; “Exponential”
and “SWeibull1”.
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Fig. 14 Results of the luminance value that calculated
from the function expressions ; “Exponential”
and “SWeibull1”.



Luminance value (cd/m?) Luminance value (cd/m?) Luminance value (cd/m?) Luminance value (cd/m?)

Luminance value (cd/m?)

20

15

10

S4-A3-0deg —D —S+D
A AONANADNAALAIA o A
ES e SIS \’V'\VVW\V'\'W

11 21 31 41 51 61 71 81 91 101 111 121

Pixel position

S4-A3-15deg —D —S+D
AN\ ArA JEAN M\ AN M
VAR NS A

11 21 31 41 51 61 71 81 91 101 111 121
Pixel position

S4-A3-30deg —D —S+D

11 21 31 41 51 61 71 81 91 101 111 121
Pixel position

S4-A3-45deg —D —sD
\ \ A,

11 21 31 41 51 61 71 81 91 101 111 121

Pixel position

S4-A3-60deg —D —S+D

e reta A PN e VAV E GO

11 21 31 41 51 61 71 81 91 101 111 121
Pixel position

Fig. 15 Results of the luminance value that calculated

from the function expressions ; “Exponential”
and “SWeibull1”.
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