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Fig. 2.4 Definition of surface roughness Rz and Ra

Table 2.1 Definition of surface roughness parameters [3][22]

Symbol Formula
Rz max(z(x)) — min(z(x))
2 Dimensional Ra 1 rlr
Ra = —f [z(x)|dx
L
Sz max(z(x,y)) — min(z(x, y))
3 Dimensional Sa

1
Sa=—ﬂ |z(x, y)|dxdy
Sl
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Fig. 2.5 Dimension of samples prepared for sensory evaluation questionnaire

—

Table 2.2 Common cutting conditions of samples prepared for sensory evaluation questionnaire

Workpiece material ~ STAVAX (52 HRC)

Tool 2-tooth ball end-mill, radius: 1 mm
Tool material Coated cemented carbide

Rotation speed 22,000 min™!

Depth of cut 0.05 mm

Coolant Oil mist

Table 2.3 Combinations of feed and pick feed of samples

prepared for sensory evaluation questionnaire

Pick feed mm
0.2 0.15 0.1 0.05 0.01

4000 (0.091) No. 7

3000 (0.068) | No. 12 No. 9 No. 14
Feed mm/min 2000 (0.045) No. 13 No. 8
(Feed per tooth mm) | 1000  (0.023) | No. 4 No. 5 No. 3 No.1,2 | No.6

500 (0.011) No. 11

200 (0.005) No. 10 No. 15

Table2.4 Measurement conditions of white-light interferometer

for samples prepared for sensory evaluation questionnaire

Measurement area size 0.3 mm x 0.3 mm
Measurement hight resolution 0.01 nm
Spatial resolution 0.2 pm

10
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Fig. 2.6  Setup for sensory evaluation questionnaire
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242 FERR L EREROHE

INTEY > 7V T LICHER, SEMRHEEZ R 2> Teiiif Oz Th i Ny, N,
ELTE LD RIS, MTEHY T NAENEND Ny, Ny, Otz d. £72X2.7~2.21
WZENEN T ENL ISBFEETOV U IVOFEREAYRT. 723 2.6~22012, &£V 7 i
HLTHELNZaZ AL D) BRERAREDERT. 2 AL FORIFERITRT. 2 A
MITRTHAGBETELINTEY, FEENIGEIZR L7, Positive DIRIZH D 2 A MNIHE
EM7 I EDOHME TH Y, Negative DMIICH D 2 A > MIGEMZRHEOHEEBTHD.

Table 2.5 Number of positive and negative judgements

for each workpiece in sensory evaluation questionnaire

Pick feed mm
0.2 0.15 0.1 0.05 0.01
No. 7
4000 N 0
(0.091) P
N, =9
3000 No. 12 No. 9 No. 14
N, =4, N, =2, |N,=7,
0.068) | " P P
N, =13 N, =7 N, =5
2000 No. 13 No. 8
(0.045) Np 10,1 My =2
N, =1 N, =6
Feed mm/mi No. 4 No. 5 No. 3 No. 1 No. 6
eed mm/min
N, =0, |N,=9, |N,=1, |N,=1, |N,-=I,
(Feed per tooth mm)
1000 | N, =27 |N, =2 N, =5 N, =6 N, =7
(0.023) No. 2
N, =1,
N, =9
500 No. 11
N, =20,
(0.011) P
N,, =0
200 No. 10 No. 15
0005 N, =17, | N, =24,
N, =0 N, =0

12



Table 2.6 Comments for sample No. 1

Positive (No comment)
(Np =1)

Negative ATVBRZ 5.

(N,, =6)  Horizontal stripes can be seen.

Fig.2.7 Photograph of sample No. 1

Table 2.7 Comments for sample No. 2

Positive (No comment)
(Np =1)

Negative ~ #J— U %72\ >. Not uniform.
(N, =9) BIHI~—7 ORIREARE—.

Interval of cutter marks is not uniform.

Table 2.8 Comments for sample No. 3

Positive (No comment)
(Np =1)

Negative & & B,
(N,, =5)  Not comfortable.

Fig. 2.9 Photograph of sample No. 3
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10 mm

11 mm

Fig. 2.10 Photograph of sample No. 4

Fig. 2.11 Photograph of sample No. 5

Fig. 2.12  Photograph of sample No. 6

Table 2.9 Comments for sample No. 4

Positive (No positive judgement)
(Np =0)

Negative I 23 EWZ1T Tl < UIHIE 2N 72728
(N, =27) 22> TW5%.
Not only roughness is bad, the surface looks
slanted.
INTEEOYRSE) - TEHORET, 24220 0O
EORBDNHAD.
Something like waviness caused by cutting

vibration or tool.

Table 2.10 Comments for sample No. 5

Positive &'y 7 3D & RS ENEE

(N, =9)  Pick feed is a little large, but the surface is
uniform.
FTUMRE—. KUTRBR0.

Stripes are constant and not annoying.

Negative  (No comment)

(N, =2)

Table 2.11 Comments for sample No. 6

Positive (No comment)

(N, =1)

Negative  HIfll~— 2 ORISR —.

(N,, =7)  Interval of cutting marks is not uniform.
J AT
Noisy.

14



Fig. 2.13  Photograph of sample No. 7

Fig. 2.15 Photograph of sample No. 9

Fig. 2.16 Photograph of sample No. 10

Table 2.12 Comments for sample No. 7

Positive (No positive judgement)
(N, =0)

Negative Y v 7DH9AZHBRZD.

(N,, =9)  Periodic pattern caused by pick feed can be
seen.
WRATND BB ASTND.

Surface looks distorted and contains stripes.

Table 2.13 Comments for sample No. 8

Positive b AEMS LT, ELIART.
(N, =2) It reflects illumination light the most, and
looks beautiful.

Negative  BIHI~— 2 ORIRARE—.

(N, =6) Interval of cutting marks is not uniform.

Table 2.14 Comments for sample No. 9

Positive ~ (No comment)
(Np =2)

Negative i T SHLA,

(N, =7)  Pattern looks fine but iridescent.
EEDICAZS.
Looks mottled.

Table 2.15 Comments for sample No. 10

Positive /XA RE—.
(N, =17)  Cutting path looks uniform.
SEDFHHT LT A3,

Light reflection is uniform.

Negative  (No negative judgement)

(N, =0)

15



11 mm

Fig. 2.17 Photograph of sample No. 11

Fig. 2.19 Photograph of sample No. 13

Table 2.16 Comments for sample No. 11

Positive ~ AN ENLTZ7RVO.

(N, =20) Stripes are not very visible.
XV 7IELV.
Regular pattern.

Negative  (No negative judgement)

(N, =0)

Table 2.17 Comments for sample No. 12

Positive HRFEASTHRINT H.

(N, =4)  Pattern is seemingly uniform.

Negative REWEN OBNRZ 5.
(N, =13) Stripes in large interval.

Table 2.18 Comments for sample No. 13

Positive (DAY BEJ—T7WT &) kR
(N, =10)  #—. BEHLHED.
Even though cutter marks are not uniform,
both vertical and horizontal patterns are

relatively uniform.

Negative Akt 7 ?
(N, =1)  Flat cutting?

16



Table 2.19 Comments for sample No. 14

Positive (No comment)
(Np =T7)

Negative RZE AU,
(N,, =5)  Not uniform.

Fig. 2.20 Photograph of sample No. 14

Table 2.20 Comments for sample No. 15

Positive  JEIRZS L.
(N, =24)  Nicely glossy.
Hj—.
Uniform.
RN N P AN A

The least iridescence.

Fig. 2.21 Photograph of sample No. 15 Negative  (No negative judgement)
(N, =0)

17
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DT RFGA—F p &, N, & N, ZHNTHRRIC KV KD,

Ny

"N, + N, 2.1
p [THEORBUT ED 5 E B HE DD & b T

X 222 1KV T ND p EREHS Sa OEFRETRT. HPOEF STV T LDEF S
EhHbhT. OFNY, ZNEhoY > 7 VoRe? 3 HEETallE L CE RS oY
, TI5—R—DE I IMEEFEELH DT, #21T4, 12FIT Sa NEHBIREXL p 2
IV RFHT 10, 11, 15 F&X Sa DHA/NES < p BDREWV. LLRR L, 1, 2, 3,
6, 7, 8, 9 F TITLLELH) Sa D/NEWA p 1T/ EL, BT 5, 13 FCTIEEH) Sa 23K
TV p iEE. BLED, EEMH S EHEEASY, TRDOLEGOMIZIILNT LHHL
D3R ARBERAMR RN 2 E D,

72F, 14FB T p= 058 THY, oV FITH~NEEESWO AT/ V. % 2.19
R L7 Y, 14 ZBOBENRHEOEMBICET a2 MIELNT, FEMRHIED
HHELTHELNLI A FTEHAY - SIZEA LTS, HEEAVRHRETRN- 72
B e LT, MIECBEOAEIC L > TARY— S PHRICA LN D56 & APk RGE
Ndolz, ETFE DAY —INEET D EENFTHEE IC L > TR T ED
AIREMEDMER S 415
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Fig. 2.22 Relationship between surface roughness and positive reaction
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Fig. 2.23 Relationship between surface roughness and total number of judgements

in sensory evaluation questionnaire
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p. 46, 1~517H).

(TR B D el L, TREFNICHL Y EIR A R > Tl 0, SR L FEZIL TV 5 ) O
il &5, 2007[34], p.27, 29~3017H). K327 X 91T, #HEREEOTTLEOREIZH D
BT T OMEE OB OHINIDIE B 2321 5. &b FTOMBEIZH DM OZFIIT/ NS
WS, EOREE ORI AR O M D DIE 522 TS 720, ZRBITRE < 725([34].
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Brain

Retina
e i
Vi
Optic( nerve AN/ N R
A Lateral geniculate body
SMAB IR A
Optic chiasma

Az X
Fig. 3.1 Structure of neural pathway from retina to brain
(Mads00, 2016[35], File:Neural pathway iagram.svg D JEFR % 2428 L CTERK)

Receptive field of B Photoreceptor cell

»

» Upper class

Receptive field of A

Receptive field of C

Fig. 3.2 Hierarchy of cells related to vision and their receptive fields

(fBfA 5, 2007[34], p.28, K22 &&%& L L CTIER)
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4 3.3 (CHRERDOMEE 2 77, JEIdoK BRSO IR 2 - CREIBEIZ3E L, MR o> th o1 i
WIE M UBREFICERT 5. BEXAE SR EZE > TR~ EESRD. MR ET
B O HZAE S T 58 TR0 E & Kidns.

MEBTIE, S BT M Ch 2 MR & 5. TR ISR & AR TR
L, ZNENADWEGET, WG CORTEZHY LTS (B 5, 2007[34], p. 29,
12~13 17H). SUHAZIIMER LTl —I1204 L T b b Tidie <, #ERITHLE TITEIc
AR LTS, AREFOSIMANZ A A 9 1223 CTRERIZEEE /N X < 72 5 [34]. Williams[37]0
P LU, $ERORSNIEHLE TS T REREO X 5 7efilc 7z > TR Y, MiRIEH
T CR0.5 0 CTh D, — 7 TRRIZFOE CIITEE LW, FREFA 23 200 OFEIK T
K&V, HBFOIMUTHEEIN/NS < 725 [34].

[ERICIDE DB RICH T 2EED R 2 3FEAH Y, ARICBERL TV D, 2
L #, M 8K, S #ERE TN, ZhEnREE, TEE, HEEERIEEO Y —7 )
H5] (BBAS, 2007[34], p. 30, 5~71T7H). L, M, S #KDEKDRITE L% 32:16:1 T
HDHTENMBIVTWD[38]. 72721, #EROFMOETITITEANERHY, LT LH T
H BNZ3H LT D01 TRV [39]. B 2 0F, S $EARAE 12 L T S EIER S WL,
B D S $EERMEY o T L TWAEE L H 5. THYEIT 1V EE L2V, Bk
ZATIZEOR A TE 2] (S5, 2007[34], p.30, 7~81TH).

Retina
Cornea e
£ It
Vitreous body

Fovea
I IJ ,[L\ ll{."‘vrj

Optic nerve
, R AR
Crystalline lens

NEEREN

Fig. 3.3  Structure of eyeball
(Holly Fischer, 2013[36], File:Three Main Layers of the Eye.png (Z{EHR % 1E80)
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RTINS e 2 BRIE TICER L TV D R, ZORENREOE F RAMEE I
EIND DT TIEARV. IEEOHMIEM CHEENTTON, —ERE G N TT O /R
AR B AL (retinal ganglion cell) 7> Hi ) &4, SMIESIR{AR (lateral geniculate nucleus :
LGN) ZRCRIMEEICE D] GBS, 2007[34], p.31, 25~281TH). MRIZIS TR
D EOREEIZ & DR ETRIE &, X 3.1 1R LEAMAIR a1, TRE <o
T2 FEHOMBABENFAE L, FEEMFHED RS 2 DORKE CHMBEMTbN TN, |1

DI RAAER (magnocellular pathway) & FEIXAL 5 FREREIAR 1 A3 i < 22 AR5 EE D3RV ORI,
9 1 D3/NllE% (parvocellular pathway) & AU 2 22 [EIARAG BE 3 &) < REREI ARG 3ER U
R Td D . KIMEEIZIBWTIE, KAIROE B3I m O R R RS L BE 7R 8 & Dk
I, ZNHIRESR O1F S I E AT @ W ZE MR EE DS LB 2R o ARG O T DI H W BT
%1 (A5, 2007[34], p.31, 3147H~p.32, 647H).

KR ORI AR E R F 2 D, MEDOA A 7I8E LEARITES L2
VN34]. X 3.4 I KM R ORI O R B OREE OBEER K 2. ZREBOHRL & EDESY
THMTEY, FX@)D L D IZH LA Ak CREEIE 2 A4 7 il D/ 2 — 2 & (a2)
DEDNZHDONZ = PN H[34]. 1A FEBTIE L SPEINT 22N/l o2 & &,
7o & ZIXEERD AT LG AICEDIRNE, D IBBOT 8N s7c X, DEDE
ERNHA T ZICADINEET 5D, A 7ERITZOHTH D) GEES, 2007[34], p.32, 11
~1417H) . BIZIEFRKOGDO L O ICZBEBREPI L < Ro et —HOEBITIEDIS
B, MAXADINEZT D0, BIEROICEITHEEINH[34]. b2)D X D IZZHKEFD—
L OREIL T 5 MM L7858 IS R & L OSET 5729, [HOWNERO MR T3t
BELRW—FEOT v Vil EG 7 X LR UFEh A2 R3] (BBE S, 2007[34], p. 32,
16~1747H).

OFF ON

(al) ON-center and OFF-surround  (a2) OFF-center and ON-surround
(a) Structure of receptive field

1

: Bright ;

1 stimulus !

| |

1 1

1 1

e o e e e o o o o = o 1

(b1) Weak response to stimulus (b2) Strong response to stimulus

covering the whole receptive field covering the center

(b) Response to different types of stimuli

Fig. 3.4 Structure of receptive field of cells in magnocellular pathway

(g &, 2007[34], p.32, K24 5% L L TIERK)
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[Nl SR ORI OS2 R BF IR/ & <, RHIER & RIER, ot & B ey, 4
7 DS L 72 RO PRIk O Z2 Ak 2 F5o ) CBBET ©, 2007[34], p.33, 10~1117H). [ (¥
) MU Tl b ERIFEE N <, A HOMEIRS O L £ 7213 M #ERA T
JELTWDT2®, BRIEZEERFD) GBE 5, 2007[34], p.33, 12~1417H). [HEARRE
AL, &9 1 FES S/ NEOERHIIR  (konicellular pathway) 23MFAE ] CBSfR &,
2007[34], p.34, 6~71TH) 5. FEROHIMRIZEAOHERLHICEHEG L TNWD EEZ2 6T
W5 [34].

(VI TR RAERA KM RET D RO TH S, 2 2 TlRofx, #hx, B
1T, ALV HRRENRITICHRE SN TWD. VTS E I ERFEOMNTT
TET 203, REATEME A TV D OIIHUFASHIG, MR X O\ B affa ¢
b5, T OMIITRETRI e O E, BiE, HAENLORITE, AR LWV o T EARK
RARBIEORH AT > T D) (A5, 2007[34], p.34, 18~221T7H).

BRI OZ A BT, X 3.5 17T & 912, R4 L 4 7 il B & -7 &
DG L L TWDH[34]. 2D, HIRORIENZHEOMED H Il ThEx b
EXTRSINET S, [VHICIER UM @ IR T2 /D, SEIER00, NifH, 22/
JE B BRI & R ORI N FAET D) GBI D, 2007[34], p.35, 30~311TH). MM
DOZFEIFE, K3.6 18T LI, BMEHEO X 24y - F 7R T bbi Tk
2R, [FRRIZERIR ORIE D22 BB EL - HIANZ L o TURBENELT H 2 LB D> TN D
[34]. V1 O, FplZ HARHIAG LS K 5 22 M8 - it 2, B IC BT 2 TR —L 7
A NE BT L TET ML LIEI RN REICE 2 Rbil T,

DRI DY D TR S DI & FITEE DO & 135 2 ORI CUBR I D . FITHOL
DIEDIRE T HRBESBEE T ¥ RV TH Y, NHIREOFERNS [HEE] & L s -
IRIEEIND. —F, RO BONEHRZ WIS 582 (%) BT ¥ > %/ (chromatic
channel) TH v, FEIEOE (KER) (BT HIE®RN T © PE) & LT - (&
ENnb GRS, 2007[34], p.102, 28 4T H~p. 103, 317H).
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-=1 Bright stimulus
L

O o ... .
F F ! 1
F FE  TETTTEET T
1 1
Lo !
(a) Strong response to bar stimulus (b) No response to bar stimulus
along the cell’s own direction perpendicular to the cell’s own direction
[ P 1
1 1
1 1
[} }
1 1
1 1
1 1
1 1
1 1
[} }
1 1
1 1
1 1
L 1
(c) Slight response to stimulus (d) No response to stimulus
covering the center covering the whole receptive field

Fig. 3.5 Structure of receptive field of simple cell and its response to various stimuli

(g &, 2007[34], p.32, K24 5% L L TIERK)

- }/ Bright stimulus
[}

Receptive

field

(a) Strong response to (b) No response to (c) No response to
bar stimulus bar stimulus perpendicular stimulus covering
along a certain direction to a certain direction the whole receptive field

Fig. 3.6 Structure of receptive field of complex cell and its response to various stimuli

(i &, 2007[34], p.37, K27 %55 L L TIERK)

29



322 EEOEEL

FPTUEFIZB N TRO 5 2 EEILT HBEICHNONIRIZONTE LD S, bk
FICHBT DB EIIWIEETH Y, BARHCEE, SLAEAHT2 ) O R A F LR T DK
L, ADERIZAMOERE THOT 3 F ikl L72&Th 5(38]. £ 3.1 ITHHELHDEE
o g, RPOET, ¢ 13, o 32EMA, S IXECROmEE, 0 1ZimOE#R & Otk
DT AEHHHT. ZORT, HENAMOKT 52 S5 d 5[38].

AN ORAESEOW Flx, 380~780nm TH D & I TWH[38]. ZDOFEHOFOTXTO
WRENE LWEE T IN S DI Tt BRICK s TREIZRZRY, ZhEaFRE &
L 5[38]. WPEEI, MHERICHBEZ R CTHOND.

BHFTRRIC IS VT DI L 13, e L,(A) & BT Y LE R (Photopic spectral
luminous efficiency) V (1), i KIEE K, = 683 Im/W & W CTkaic L v 3 S 5 [38].

L=K, f e v 3.1)
380 nm

V() OfElx, EEEEIAZE S (International Commission of Illumination, CIE) (2 XV EH
HILTUVA[40]. X 3.7 IZHAFTR ) Y AR & 7R 9.

BEEEII O R VFIHBIT 208, AM O T 2815 ST A L7eu[34]. filx X
BREES 2 f512 72 o7 LTH, AR R2EAD V] LEL D00 Ty, DEMETIC
BWT, RIZZRILXELEREEOMIZIE, RXUIZH S X315 Weber-Fechner DR A
B0 SO 2 E DN TU S [34].

(R H) «<log (T xR/LX ) (3.2)

PR OFIIZIBNTE, EMREE LTHMRINNDOINADL S, =3 FEE L THEEDRMIZHK
B2V E, BD X FE1 (Intensity coding) & FEIXAL B [34]. FeBlEEIL—E Tl <,
WERDMEIS L TW A5 SITRTFT 5 [41].
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Table 3.1

Radiometric quantity and photometric quantity [38]

(t istime, w issolid angle, S is area of surface light source or illuminated surface,

0 is angle formed by light ray and normal line of surface light source or illuminated surface.)

Radiometric quantity {4 & Photometric quantity I &
Radiant energy Quantity of light
. R Q. J o Q Im-s
e Vi &
Radiant flux Luminous flux d
5 _ 20 W \ »_ 40 .
Tk o dt JEH dt
Radiant intensity do, W/ Luminous intensity do Im/sr
I, = st =
Ji g o ¢ dw LR dw cd
Irradiance do, Illuminance do Im/m?
Ee = W/Il’l2 E [ J—
T HR S as MR as Ix
Radiant exitance Luminous exitance dod
M, = % W/m? ) M=— Im/m?
TS FE as A IE BT das
Radiance d2o Luminance d2o Im/(sr-m?)
- Ly=————— | W/(srm?) | L=—F
TG dS - cosf-dw piidicy dS-cosO-dw | cd/m?
S
~ L i
> 1.2
8
-2 1l :
4
72} 08 [ 4
=
g
‘g 0.6 :
=
Tj; 0.4 1
3
02| :
Q
'g‘ L Il Il Il Il Il L
é 400 450 500 550 600 650 700 750
A Wavelength A nm

Fig. 3.7 Photopic spectral luminous efficiency V(1) [40]
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323 BOEEIL

A ERBILT DT ODERRITRETR E LT, KHIRENRE DN CIE XYZ REHR[42)
Thb. CIEXYZHOZRTII=HEE X, ¥, Z ZHWCEaERATS. X, ¥, Z 132k
WCEVEEEINS.

780 nm

X =k f L, (DE(A)dA
380 nm

780 nm

Y = ky f L, (DF()dA (3.3)
380 nm

780 nm
Z=ky f L, (D)zZ(D)dA
380 nm
22T x), ¥y, z) FEAREKE LiZh, K3SITRTIHEOHEKTHD. Zoh
T ) IXHFTESCEAREE V() ERCTH D0, Y ITEE L ICHEIT 5. ky 1X
Y BT 27200 FHTH Y, REDZERILHAT CTh D LIE LT & E D0tk
SRS Lo, () #HONTHRAUCLVEHE SRS,

780 nm
ky = 100/ Len(DF(D)dA (3.4)

380 nm

FERILB T, EEOBIEA L TOHNINHEIEE L, (1) 230 ST EL ()
ZRAWTIRIZ L VRS 5H([38].

Le,n(/D = EmT(/D (3.5)
2 ; ‘
— x(1)
2 — 30|
—z() ||

Tristimulus values
o
()] ek
T T

0 I I I
400 450 500 550 600 650 700 750
Wavelength nm

Fig. 3.8 Color matching function (1), y(4), Z(4) in CIE XYZ color system [42]

=HIERIE X, Y, Z 1%, RGINTR LT L2 IC= RV ETH D 0 MG I B 5
7o, HEEE & FERIC A OBREICVLT L HEFI LV, 2oz, mEshd ot
X, Y, Z OZLIINT L H A LRV [43]. AR S D o2l & REMMo B8 p) 4
% KO RPERFREOZITHEELEM E JIXN 5 ([38]. BWEAZER O & LT CIE L*a*b*&
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BR[42]730 5. L*a*b* REAR T, KAUTEVEHEIND 3EDONRT A—% L', a*, b* &

ATtz Ealbd 5.
y\1/3
L*=116Q§) _16
4= 500{(%)1/3 - (Yin)l/g} (3.6)

Y 1/3 7 1/3
b*=200{<y—n) _(Z_n) }

22T Xpy Yoo Zy 1E, REDPERILHAE Ch 5 EUE LT-%5E O XYZ ZHITHET
HD. [X3.912 L¥a*b*RAAOMAX 2777, LF OEOHPHIL 0205 100 TH Y, L* H3/h
SLRDICHONTHRITRES, RELRDICONTAITALL D, a* & b FEaEL LT
h, RLH, BRlotitnEsdh b,

izix, BE, ZE (chroma), fH (hue) O3 EENH D Z LML TN S[38]. B
EiXof 5 S, BEIMEONS, AL, ROE, BRE0BAEVWEHL DT, L 13
FICHIET 5. BEEHLDT /T A =% ¢ 1ZRKUTEY o, b* NHHE SR S[38].

C* =vVa*? + b*? (3.7)
BHEH BT /T A —% h 1ZRAUT LV a* b il L TOMMMA L LTEE SN D [38].
h =tan™?! (b—*) (3.8)

PLERIZIRA~_T72 K512, e 235 H v, BEEXG.HA AW T, Aixi(3.3),
(3.4), B.6)-BREFHEHTIHIZLTHLND.

~~~~~~
‘‘‘‘‘‘

—
> a
Chroma C* j

~~,

Pas

_ Dark 3|0

(a) 3-dimensional view (b) a*b* plane
Fig. 3.9 Schematic of CIE L*a*b* color space
(B fW, 2018[44], p.99, K [L*a*b*E£ORDOEZEM ] 255 L L THER)
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3.3 CGnIiE

3.3.1 TATDRILAASETIL

Iy ¥a—H 777 127 A (Computer Graphics, CG) D TFEIET 4 XNV AT % H
WIEBERZIZEI TS oD, T4 VXA NVTAATETNVEMIND32]. T4V HNTTAT
ETIVEFEIZLLTO 5 DOEREIZZIT B 5.

(@ ETFTV U BENREHETS.

(b) ¥ BLEONE & FERD, BEIGOBOEEEDD.

(© Tx—F 4 BIDLLBENR DRI OMEZHET 5.

(d) ADZEH: : WA RMEE SO NOBEL T VX WBEIZEH L CRdT 5.
(e)  WRALER . MENZG U CHlBT — X 20T 5.

DI HD@DEHA)E TOTRIZONTIHRRS.

332 ETUVY

Blgxgia 3 REOETNE LCERET S, T AEROFEICE, K310 127359
RIFHENDH H[32]. VAT T L—LAET T, BHROLTEIEREZRIL, BHROBOMH
DIFHC, MIEDNNOIERITE N, —T7 = REF L, ATV 7 L —LETVICHE DG
WEMZT-bDOTHS. YUy RETIML, =7 2 AET I E LITHMIRONNOIERE
Mz=bDThHD.

23 HITCHEIT T RBAER CIE, SHERICK L TEINHGELND. LT, ML
ZET LT LRI =7 2 RETAZME ORFHTHLEZE2OND. HEV I
L— g VRETOET Y U7 OFEMIT 342 Bi TR S,

(a) Wire frame model (b) Surface model (¢) Solid model

Fig. 3.10 Three different types of models in CG
(ANEMENEN B S E R, 2015[32],
p. 60, 3.1, p6l, K33, 34%5EL L TIERK)
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333 i3 7

X, HlErE & 6T CTh 2RI 3 RTET VA U TR TH H[32]. X 3.11 12
AT X, BREE L AT O 2EOFERD 5. BHKEE TIE, B3 RTEIEOE S0 5
BLRIZ 2o TR (B4R Z251< &, #gm LI E OREOEE D & L THERERN
BoL bind ) (NasMEEN BRI HRBER~ 2, 2015[32], p.39, 9~111T7H). &HH
B TIEET VORI D OEFBR | iAET T 5720, #S oMRITNEL, < 0P
RIERESBEIND[B2]. ZOOETEERTTE L0, 3WICETANEALTERS
532, —H T, WATEE TIE 13 WOTIB O 5 b EGH A4 FATICREEIC T A L,
O FICEEMNEZ RS ¥ 5 (ARMENEN  BBRIERBE R, 2015[32], p.
40, 10~1117H). Z07=®, HEiLEIIRELTERWVAET L OELD D 720 [32]. [
ITREIE, BHEEOHEAEZRY 2<EIZEWZbD LB L TE5 ] (ASMH
BN EGEREE RS, 2015[32], p.40, 12~1317H).

MTHABET 55 ICEEIR D L, SR BT IIRDY & 2 00 T O JR O i FE % T
WEIEIRRE CEIE T 258 3BT %, TRIRORIT E 0N e/ S <, L OBV iR
B D HBET AL AILTATEENEY Th D B2 N5, AT, mEN/NEL
HifliZe R E2 b oML Z# 5> 2L & L, HO-OPITREZHVWSEZ LT 5.

y Projection line

Camera
(Viewpoint)

Projection
plane

(a) Perspective projection (b) Parallel projection
Fig. 3.11 Two different types of projection
(AEMEEN BT RAF RIS, 2015032],
p. 40, X228, p.41, X231 #5#% L L TIERK)

334 Sr—T4VY

Vr—T 4 U7X, RE TR LEOREEFHE TS TR THH[32]. CG TIEEFEME
ZELTHLFAFICHREa R NEIAD ZENLEEND. —RITWIRER TOIO AT
D CHEMERBIRTH B2, AR Z2 & WERSREETET UL L, JEDO K % IEMEIC
BT METIURXFERMEIIE LS 2D EFPRINLD, HREa X MIE D, 22T, BlFED
WO 7 EMICRBLTE, 2B OrHERRY MR8 E WD KT AR IRES
NTET.
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AR D IS ORE DL, AHA & A OREE LTET VEEN5.

BEE IR R S 5047 B9%L (Bidirectional Reflection Distribution Function, BRDF) & L iXi1 5
[45]. X 3.12 (TR K HI0Z, oS & S A R sy & SR RS TET VB L
BRDF %3R5 Z L 3% [45]. Bl Ao, EERE O I E—2 265X 5 e
5TV, JEEBST L, B DD IR AICE) I T o Th D,

PEE R Ry 2 3R DR 72 © 5 /11X Lambert £ /L[45]TH Y, AN OEE
WESCELRT 95 2 & TAEL 2HEDE 2 RBT 5. Bl SO 2 OW Tk« 228
FANERENTWS. 74 Phong DFE T /L[4611%, IEFEED IR 2 RERAGICR® 5
#7727 L Th 5. Cook-Torrance <7 /L[47]X° Torrance-Sparrow &7 /L[48]1%, WERA)7R
FENTICEESWERKITE T A TH Y, MERREROIER T MO ZBE L TWD. Ward OF
THANT, ~T T A VINTiH 72 EDORTGIEO &S 5MERE TORE 2 H-> T 5.

EROET VTR, REOMBNLRIREFEL L TREMS Z2RIAT I T AT %
FEL, ZONRTA=ZEHWTRFKOBEZ T L THEL TS, LaLains, Z
D XD LRI LGRSk 0 A T TR B e TR & & S UIHI I L o5
Tz iR T BRI NI T LH LT,

Beckmann[33]i%, J&22351F 5 Kirchhoff O A 4 Z — BT EEGH[50] & 0 L C, (BB DOFIR
2% U CRCEHYE D58 2 339 A Faa 2 e L T 5. Beckmann IR AR 2 5 S OfER
72 e LTl D 2 & T, Rl S & KA ORBRNEZFE T Y, Torrance-
Sparrow E7 /UVZHIH ST 5.

TERD CG TV DAL TW R, ARFE DRI K U TR O 2§15 4 2 BfEs A F
1k & U CREREIfEIR 224715 (Finite Difference Time Domain Method, FDTD %) [51]23% 5. FDTD
LTI, BT 22EM 2B nm BEDKRE SO A v & UTHERIL L Maxwell
FHREREBAEANCAELS . nm A7 — L O E I EZ & O T OO RS 2 FHE L 7= A 7eilix
BHH[521H, HEIRA PR THAE Y I 2 b—va VZHEAT 2 0FBENICHNETHS.

Incident light Reflected light

Surface

BRDF Specular component Diffuse component
Fig. 3.12 Specular and diffuse components of BRDF

()11, 2010[45], p.2, X2 &25%E L LTIER)
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ARFFETIE, ABUIEIN TR 2% 5. BN AR L72YeE, &t nom ORAREOF
TRMIZHEE S 2([53]72 8, JRITIZ LV FKif FIZE L CHGEL LB OYMTICET LI TR T &
HEBZOLND. LTERST, RETORKKNOHLERH Z L eTDH. WTARLET I v X,
7T AT v 7 72 EOFFEROYIADIN L OFARIZOWTIE, Kl TORSHIMA TERiE T
TOWEB LI ONEBET HILERHDL EEZZ LN,

3.3.5 AD ZE#2

V=T 4 T THELNDNOME, CIE XYZ #3X° CIE L*a*b* £ R TH LN A
X7 e ETHY, tbET 4 AT VA BIZERRTHITILAD BRA B IR O WERH L.
T4 PHIVEBIZHO B DRI FEERIZ SRGB £ R7035 5[54]. sRGB {44 Tl
3EDNRTA—=% R, G, B W TEEZEHILLEB TS, R, G, B IZLLTOFIHIC K
v, CIEXYZREAKRO=FIMME X, Y, Z »oitREN5.

T X, YV, Z #RNUCLY R, G, B IZEBRTS.

R’ X
(G'> = Mrgs <Y> (3.9)
B’ VA

Z I T Mg FRAUCTEVED LTINS,
3.2406 —1.5372 —0.4986

MsRGB=[—0.9689 1.8758  0.0415 (3.10)
0.0557 —0.2040 1.0570

WIZ R, G', BB "6 R", G, B" #kRUc Lk 5.

1292 x R’ (R' <0.0031308 DG
RII — 1
1.055 x R'z4 — 0.055 (R’ > 0.0031308 D5
1292 X G’ (6" <0.0031308 DG
G" = " (3.11)
1.055 X G'24 — 0.055 (G’ > 0.0031308 D)
1292 x B’ (B' <0.0031308 D)
BII — 1
1.055 X B'24 — 0.055 (B’ > 0.0031308 D354

®%ZIZ R, 6", B" ZNUTEV Y hOT—HIZEWTHZ TR, G, B &1535.
R = round(255 x R"")
G = round(255 X G'") (3.12)
B = round(255 x B"")
7B, RGBIY~G.I)EWIFHETHZLE TR, G, B»b X, Y, Z ZRkdbbhb., £F
R, G, B 1X0-255 DI TH LD, RAUTKY 0~1 OHFPHIZER LT 5.
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R" = R/255

= G /255 (3.13)
B" = B/255
WIZ R", G", B" »b R, G, B ZkRAUTEL VKD 5.
R = |R/12:92 (R" < 0.04045 D4
[(R" +0.055)/1.055]2* (R" > 0.04045 DHA)
o G"/12.92 (6" < 0.04045 DA (3.14)
[(G" +0.055)/1.055]>* (G" > 0.04045 DHA)
g _ |B'/12.92 (B" < 0.04045 DIGH
[(B" + 0.055)/1.055]>* (B" > 0.04045 D A)

%Iz, RGIDTEDHNTWD Mg PWITHIZ AW, RAUZL Y CIEXYZ £
%@;@@Mﬁ X, Y, Z EET5.

X R’
Y |=Mege |G (3.15)
VA B’

H§ T — % TIEEEHREIZOWT R, G, B OENELNDHD, HREZFFIZ SRGB R AR &%
ELTWAEHAIE EROXB.13)~(B.152LY R, G, B 7°5 CIE XYZ FEGRO ZHgE
X, Y, Z ~EBTDHILNTED. SHIZ323H TR L DT, ¥V 1T TR (24
BRI y(1) AR U CEHR S, B L 130 0B ST R s EAURE V() 2L
THEIND. yO) & VQ) IZRCEETH L=, Y 1T L AT, Liehi->T,
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Fig. 3.13  Outline of the proposed visual simulation
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%ﬂ%ﬂ@liﬂ‘bf%é@?_5 Zi,j 7&3\?%’%%6 %:

THMER 2O E UTHUN
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ENEN x, ¥, z FROEESRY bvET 5. E0EOZERREE GUIENLE O FRE)

xi'j = X;e,y + yjey + Zi‘jez

(3.16)

EHEIFD. BvA v 77y N(WTIRARR—ETHL ETBT 5L, 2 1
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(3.17)

(Lyy +x; S xS Lyy + x5 —Lyy +y; S Y < Lyy +y5)
tHbbaEnd. ZIT A & By FTnTh x, y TRAOAERZH LD L, AT

FORATKRDS.

4. = Zi+1,j — Zi-1,j _ Zijy1 T Zij—1
Lj 220, Lj 2 2Ly,

K D IFHIFFEZOWN IR DRI E 25 .

(3.18)

IO R Z & ITEITRIT R
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FOROHEAREIN, 380nm 725 780nm £ TS5nm DFEEMFETED HILTWSH Z Lk,
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Actual surface shape
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Fig. 3.14 Discretization of surface shape to microfacets
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PR ONLE & B EED, BEFOHEEH O b T HRERZ2/ERT 5. ¥ LICHEE
B L, K EORIESZ BRGNS0 5.

FTHA BEEOH) OMELBEOTMEZEDDH. HAEZ P LBE,

D =0P (3.19)
EBL H3ASITRTEIIE, BIEEHEERP-stu 5. RIFD 6, & 6; 1F, V—7
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[es e e,]=[ex ey e;]M,, (3.20)

ZZT My, FREOE#EZ H O OTITHITRRUIZ LV KDL D.

Mo = Z (05 + ) X(O0)Z(0) Zin (3.21)

2L X, Z 13ENEN x, z #iE DY ORERE#AZ H S HOITITHIT, KAUZLVFHELR
2.

1 0 0
X(@)=|0 cosf8 —sind (3.22)
0 sinfd cos@
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cos@ —sinf 0
Z(0) =|sin@ <cosf 0
0 0 1

(3.23)

72, Ziny T z W MOKREZHLDOIATHTHYRAUZLVELND.

10 0
Ziw=10 1 0
00 —1

(3.24)

0, 1%, u OBEDOHFWMNE AT s 23 xy Wil & SPAT/ 5 Wm0 S SKIREFHE D I A R
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P Zi,j

) (3.25)
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Fig. 3.15 Relationship between workpiece coordinate system O-xyz

and observer coordinate system P-stu
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RTRNFEFOXRENZ b OWRO M 255 L+ %, Willlams[37] 23 #EA AT OV THA
LIeiRa b LI, X316 1T X918, MRz imm L TR R FBEO X 5 IChE T
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a-th pixel
on projection plane Q («)

On plane of u = D

Fig. 3.16 Pixels on projection plane
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Fig. 3.17 Projecting measurement points on surface onto projection plane
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Iowt(P,a, 1) OFHHIERIL 3.4.6 BTk 5.
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Beckmann O#ELEGR[33] 25 L, M LEOIRT — % 285 2 L7 < HWTK
SHOREEFHETS.
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DNT Iy (Pa, 1) ZETLFIELZER RS, ASHLITFEEE Th - T, BIERERHEHIOEDR
E A2 BLORHEROMMND AT — /A FRICRWERET 5.
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1
Ey(P) = o 5 )[E(Vd)) n — $(VE) -nldz (3.30)
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FHEOR x OEDLY O/INREEESR dX CRIELZEN P ICEY HTESLE
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dE,(P,x) #HW\T, # (3.30) IZKXDOLHICEXERD.

E,(P) = dE,(P,x) (3.32)
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Fl EOEEDORT ¢, Vo, E, VE ZitH LAGBINITEY dE,(P,x) ZR®, XHIZ
K (3.32) THHTHZ LT EP) "WEbhb.
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LB, ¢ DMy Vo HEET D ERADSELND.
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Fig. 3.18 Surface shape, wave vectors of incident light (illumination light) and reflected light,

and viewpoint
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Fig. 3.19 Wave vector and polarization direction of incident and reflected light
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Fig. 3.20 Wave vector and polarization direction on surface
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€p €ip €€ (3.36)
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0, (IEFEITAT, KLV ROBND.
Ny sin O, = n,.sin6, (3.40)
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Fig. 3.21 Plane F(k,, k,) and polarization direction of reflected light
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(a) Luminance for various observation angles (b) Angular luminance distribution

Fig. 4.1 Difference in luminance between glossier and less glossy surfaces
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Fig. 4.2 Procedure to analyze gloss degree

52



422 1% B it LE 57 1l BR

B 34T MR I EAUE E D EDHAUIHIRDEE VR D L HE I D NITo0
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DRZFIVUIABNZL 2 DOMEN R 5 LR 5. MESAREIL, ABRENIZEED
DT DIRBEEDEFE TEBRTE L20Z2 T HDTHDH[41].

BEEE XL BIRIE, IR OBE L, 2R UL LT, XIRWOBEE L, 2 EORRE R T
YR LB E R TEDERT. Ly & L, D&% AL =|L,—L,| £BZ, Wi H
BITEDE/MND AL % (AL)pin £ 8L &, BEEX AR Cpin 1FZRNICEIVEHFEIND
[59].

(AL
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B, RO A AL U CH R OB D) 10% B2 UEiRI c& 5 Z L .

DL 3 AR Hi 2 D CHRIRDOEAS WO EEZTHET 2B, 2R EHOBEAEIZ O
THEOZER, EHLNOMTHZEEL LT, MEXERBIBETHD 10%% LBl 5 0%
HEST S ZET, iMEEDSHEEDOZZRET 20E THITELEZ2 005,

4.3 IEHIMIEDIRDES LD

43.1 EBROBEMEAE

ML L DI THE OB OFE NI OV TR D 728, A2017 HuiEZAMEIEH] LT, X
43R D > BTy T, RAVIDINLEM2Rd. BONINTHEICK L, P08 (5
W LFRORFREA, ML 1 F) &RE (RPOHINRE, TR 30 4) 2
BHICE D EREHMhZ B 2 o7, Rt S5 (et 5Sum, ZEMMERE © 1um) Z
T, B HFRoWmEmEREZNE Lz, £72, VL—VHEMEICI VI TEIREZSRMET 123
AT OME L, RO THEZBZ L. #4212V — VMO ESME 277
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A2017 bar

Workpiece
rotation

Fig. 4.3 Setup for turning aluminum bar

Table 4.1 Turning conditions of the aluminum bar

Workpiece material A2017

Workpiece diameter 40 mm

Tool Mono crystal diamond, flat

Rotation speed 83, 155, 270, 560, 1030, 1800 rpm

Feed 0.08 mm/rev. for all rotation speed
0.1, 0.2 mm/rev. for only 1800 rpm

Depth of cut Estimated to be 20-25 pm

Coolant Dry

Table 4.2 Measurement conditions of laser microscope for the turned aluminum bar

Laser wavelength 405 nm

Measurement area size 0.625 mm X 0.625 mm
Spatial resolution 2L, 0.625 pm

Hight measurement resolution 0.3 um

432 EEER

K A3 ITHILFE & GE OFHIRE R A4 T FILFEOFHIIIZFIC TEWZtR) & TH
SIEWV] O2FEN DD Z ENbnD. F, BEEEIE THERSM) & O Tiavyyg 24
BIUTZ0, FILDF TR TE Zeovolz. ZDO X 51, HILEITEFICET 5 SO THE
s R 2 RH L TR Y, BN TIREICE R LTV, FILEIC X D 5HlRG R O Tk
B 72BN A DT TERWARKIR] & THSIEV ] OEWIZOWCEEICHEE TS Z &
L, LUFTIEEM1~6 Z i+ 5.

X 4.4 12, FEMSFHTHE LM LERRZ RS, P CLREORY Hridhans A2
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7239 5 ECdH Y, BIEIG AR R L CRa S BIZE2 D FRThs. 6 HOFMI
HHLT, @mSM2um DI ZATRIRBHHID. Foff 1~4 TEIATIRPE STV D K&
NNCRZToNDDITKIL, &IFES, 6 TIEY T um A7 — L O/ Wih 28 higr) 2 2
ERDND.

X 4.5, 4.6 (2, L—FHAMBEIC LT LERIRT — % LEBREBE2/RT. S50 T3E
T OHEEBEEZB I > TEY, KZFENEN1FEEOT —X 2L TW5. [X45
DIGIRT — & Tix, K 44128 L2Wimk & Rk, TR @EBTHZ LICX RS
Te I ATTGRDB R B 208, BEEBRIZAON DM RELZ R 2 L3 Ly, o
UL, R EORESBY 7 um 27— TH Y, HATHIROBE S 2 um IZHA~VRE
W ThdEEZOLND. K46 ITRTHERBTIE, WTNOEETH I AT BROY
7R SHER H Y, FRCERMES, 6 THRENZWZ ERbnnd. ZofEmE, X 44 127
L7 REA S FHCRIE L Wrim kT — 2 ofm & —83 5.

Table 4.3 Result of sensory evaluation on turned aluminum bar by a beginner and an expert

Condition  Rotation speed rpm  Feed mm/rev. Comments of beginner = Comments of expert

1 1800 0.08 =V ANAVAS 3/ -
Clearly glossy.

2 1030 0.08 =V ANAVAS 3/ -
Clearly glossy.

3 560 0.08 =S ANAVAS 3/ -
Clearly glossy.

4 270 0.08 X ER -
Clearly glossy.

5 155 0.08 YLHSFEWN -
A little cloudy.

6 83 0.08 —HFHIEW -
Most cloudy.

7 1800 0.2 EFANAYAS R/ b, B TR
EDBRREND Not successfully cut.
Clearly glossy.

Feed is large.

8 1800 0.1 ERWRER HESE R

Clearly glossy. I recommend.
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Fig. 4.4 Cross-sectional shape of the turned aluminum bar

measured by surface roughness measurer
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Fig. 4.5 Surface shape of the turned aluminum bar measured by laser microscope

57



=
o
ot
=
Q
O
—
o=
)
o0
=
.=
=
=
=]
O

0.15 mm 0.15 mm

(a) Condition 1 ("Glossy’), area 1 (b) Condition 2 (*Glossy"). area 1

0.15 mm

(¢) Condition 3 ("Glossy’). area 1 (d) Condition 4 (‘Glossy"). area 1

0.15 mm

(e) Condition 5 (‘Cloudy’), area 1 (f) Condition 6 (‘Cloudy’), area 1

Fig. 4.6 Laser microscope image of the turned aluminum bar
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4331 REDEORE SR OFE
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Fig. 4.7 Simulated distribution of normalized reflected light intensity (loue)/{lout)|z=0

of the turned aluminum bar when wavelength 4 = 405 nm
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4332  SURBEEE /AT HhR DR

A5 TR LRI T — 200, BB I 2 b—3 9 a2 BV COREE D30 2 3HE U
FEE AR AN, Y I 2L —2a VO ANT—F L LT, EITERIE, Cheng 5[60]
MT IV = DMIOWCTHIE LT — % 2 iz, K48 IZBITROT — X 2Rd . —#RIC
FBEOEITRITERLL L 25 Z ENMBNTWD[53]. KHF T nidBIrROET %, © (XM
B UBITROEIIC-1 2R/ UI2b D) ZH b3, MPLMEIZ OV T, LED YaJi
ORISR 2 /0 Y FREE R GIE B &0 380~780 nm, JIE M K RIFE: 1 nm) 12X 0 JIE
LTHWE. K49 ICHIER B 277, X 4.10 IR LB %, £ 44 12HFE Y 2
2 b—yarO&tERT. BEXOFMEG = 20° IZEEL, BEHDIEKHK DM
0, =20° ZETekkx 2 M CBIET D56 55 2 7.

G 1~6 1ZOWT, ENEN 3 EFTT ORIE LIk T — & & T, RO S A i
AN, R I a2 —va UCHEISNEESMOB & LT, &1, 6 T 6,=
0°, 20°, 40°DFA X 4.11 1277, KHFT s BHIBIEE TR L COKERTME, ¢ @ik
FEEARFE2H DT, SEOHET S I 2L —3 9 Tl s flIOIEIGTHIS, ¢ f#iidky
FZxted 5. FXK@2)O2)IZR LIZIEKH OAE 0, = 20°04 TIESRM | O FHHE
L B&tE 6 2 EFl>TWA2, FK@al)(bl), (a3) 3R LIZIERFANSEN-/AE 6, =
0°, 40°TIE5M: 6 DA k> T3,

412 121G B R AR R 2 on 3. X e, OFNE 3 fEFT CRER L 7= LR
L OV¥%, =7 —N"—0ORSIMEEREZZH LD, EXNOMAE 0, = 20T, FiF
6 D L NEM 1~4 1ITH~NEL o TS, FREIERFNSEEN-AEICO VT, #lz
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AAARTIE, SefF 1~4 [T — 27 MEL, ERFOF N SEEN DI Lz i - T
FECNTHREE DS NS S R DM B H 72D, ROESVWHRNEF R D, 207D, flb
FIIEM 6 24 1~4 LIZXBILT TA-IEW] EFHMELEEEZBND. £, &5
DWTIE, FHBTITRMT 1~4 L ZRR DN DD, BEE TR D 10% 2 8 2 TW72u.
ZOZEN HLESIEW] L0 D FHlRER & s L TW D AR & 5 .

S BT, FEHIE OVERR A NI > TEIET 258 I OV CREMIC I~ 7. RO /547 ith
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Fig. 4.8 Refractive index of aluminum measured by Cheng et. al. [59]
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Fig. 4.9 Measured illumination light intensity I;;,(4) of LED light source

for the turned aluminum bar

Observer lﬁ Ilumination light

6, i 6

(EE

Fig. 4.10 Directions of illumination light and observation in visual simulation

for angular luminance distribution of the turned aluminum bar

Table 4.4 Conditions of visual simulation for angular luminance distribution

of the turned aluminum bar

[llumination direction o= 0° 6, = 20°
Observation direction 6, = 0°,5°,10°, ...,35°,40° 05 = 180°
Observation distance D = 150 mm
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Fig. 4.11 Examples of simulated luminance distribution of conditions 1 and 6

of the turned aluminum bar
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Fig. 4.13 Simulated mean luminance of the turned aluminum bar

when observation angle 8, = 0°
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Fig. 4.14 Directions of illumination hght and observation in visual simulation

X

on observing the turned aluminum bar in slanted diretion

Table 4.5 Conditions of visual simulation on observing the turned aluminum bar

in slanted direction

[llumination direction 6o = 0°, 6, = 20°,30°,40°, 60°
Observation direction 6, = 30°, 6; = 270°
Observation distance D = 150 mm
701
s 60r
E
- J0f
8 40,
5
=
‘E 301
=
§ 201
= 10}
0 1 Il 1 1 1 1

1 2 3 4 5 6
Condition number

Fig. 4.15 Simulated mean luminance in observing the turned aluminum bar in slanted diretion
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Fig. 4.16 Setup for taking photograph of the turned aluinum bar
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Fig. 4.17 Photograph of the turned aluminum bar
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Fig. 4.18 Mean value of Y calculated from photograph data of the turned aluminum bar
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4.7 1R LM T 1, 6 DBRT—2 £ 0 (sinc[(ve + Asjv,)Lay])” B EO
(sinc[(vy + Bijv,)Lyy|)’ OOFEFE LI, HOWEIE, L—FHREEORERIECA
HT A1=405nm & L7z, K419 ICHBERREEZRT. 2EONMZ T 5L, X460
L — PSR R 2 R O V72 BIHI S [ ORI 72 SR I i ) L < RHIS T2 D1, (al)(a2)ic
LT (sinc[(vy + Ay jvy)Ley])* ThD. L — P BB R0 HHL S HE S O MRS

%, BIHIG R OHI 72 SIE DS/ DT =N A By, YIEIG M Z e+ 2 5 Ths x
MOWHEZRIZERH D & FRINTZ. Ay 13 x FROARTH Y, WHMRFREDOZD
(&> THRIT Ay OOTBEILT 28T, L—PEMEERICAONIEZNECT LS
Zbhbd.

WRAZ I E 5347 BRI S A D VT S E D2 ONWTE R D, £F

(—vedi; — vyByj +v,)" ICOWTIE, —vd;; — vy By + v, PSR k AT 5725
B L7z [(—veds, — vyByj +v,)/k]" OFH% Wy Lo L0 EET 5.
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Fig. 4.19 Distributions of (sinc[(vx + AiijZ)ny])z and (sinc[(vy + Bi,ij)ny])z
calculated from measured surface shape data of conditions 1 and 6

of the turned aluminum bar when wavelength 1 = 405 nm

(sinc[(vy + A} v)Lyy])*

2

(sinc[(vy + Bi,j vz)ny])

1 —v A j — VyB; ;i + 1,17
Wy = ——— — Z[ xAij ky ij z] 4.4)
(ERDORE) 45

BOBERENH LN 1 & 6 12OV T, ZNEN 3 @A SRIE L-IkT —#
ZOWT Wy ZRtE L7z, R@HTR LR oLA012E, MERTOAR Ay, Bij |
Mz T vk OFERIVDEENTNDIZD, Wy ITRIEEBROGIMEFETS. £2T
MRS LT, RA44 TR LU MR 2 i < BROREFT Y I 2 b— 3 UL
[F U hma R, X420 IZEHFREREZ RS, RITFTOORNISRMNZ Lo VsEE, =7 —
N—DF SITEERZAEL H HOT. SARE S MMARIC A DTz K 578, EFOMAE 200
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Fig. 420 Calculated values of W; of conditions 1 and 6 of the turned aluminum bar

Sz, 4lE1~6 ORT — 205 (sinc|(vy + Ajv)Lyy])” BFFL, &4fECOW
T 3 AT OBEN B TR LI FH 2 ki, (sinc(vy + 4,v)L])” OFHE W, &
BE, KUK VHELE.

1 2
W, = — — Z sinc|(v, + 4; v, )L (4.5)
T HERORE) L.J.( [+ Aum)ts])

K@4S5)DADITIE, WERTOAR A;j, Byj WA T v OFWRANEENTND. L
723> T W, IZRBDE L BRI, OWRITKFET L. FHZOWTIIR 44 1R L
7o SCHTBERE AT AR OGRS LRI CE & L, e REIE A= 400, 550, 700 nm OHA
WZOWTCRMAE L7z,

K 42112 W, OFtRE#EREZ 1 T &0 OrT. IFOOHNE, FRENOSEMIZoW
T 3 FETOMEMBEICH L THE LIZEOE S EH bbb L, =7 — "—0OR SRR
EHODT. WO 1 OBATYH, FRICIEREOMEIZERTV 6, = 15°, 20°, 25°
TIE, RfMF 6 &M 1~4 OEMEMEREZBZ TR, FFICEV ERLALND. FHEZE
DFET A ICE->TELTEY, AXM@D 1= 400nm OBRSITBWT 6, = 15°, 20° T
1%, &RfF6 L&&IF 1~4 DFETHI0.08 THY, K 1~4 D W, 7809 THD I & HIEE X
ERBIEED 10%REDENSH D, LIz > T, W, PHRIROESWEE(L S D B
ThdEEZOND. £, KROEAEWEKXOWERE, ABLOSMOMIEGERSH 5 EE %
HiLs.
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Fig. 4.21 Calculated values of W, of the turned aluminum bar
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Ty T, RA6IIINTEMZRT. 2—7 v NEEAER— /L= RIVE W THHIL
72T AY A, ¢BN (cubic Boron Nitride, Y. /7pnZE bR UFHR) A—x 2 KNIz Wi
THNAB Thb.

AEER TN T ORI 2R IIR O ZEIZIER LTS 728, I ATRER—7 508
Do, I T, v/ 74— RE1HNBEVOREYEEZFRLE L. 51T, YHI N
—VBARTIERAZZWEGER I 720, v s 74— RE 1 A0 oky &z+50/0
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FE23 025 mm KV /hE <725 EHIRTITHABTE 2RV, 445 HiTH 2729 Bhgakll Cl3El
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Ball end-mill

Workpiece

(a) Cutting setup (b) Photograph of workpieces A and B
Fig. 4.22 Cutting setup and photograph of workpieces A and B

Table 4.6  Cutting conditions of workpieces A and B

Workpiece number A B
Workpiece material STAVAX (52 HRC)

Tool material Coated cemented carbide cBN
Tool 2-tooth ball end-mill, radius: 1 mm
Rotation speed 11000 min™!

Depth of cut 0.05 mm 0.1 mm
Pick feed 0.05 mm

Feed rate 1100 mm/min

Coolant Oil mist

=]

3
“—
i

Q
-
=%

0.3 mm

(a) Workpiece A (Coated Cemented carbide) (b) Workpiece B (cBN)

Fig. 4.23 Optical microscope image of wokrpieces A and B
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443 R EBIREDRIE

ML A, BOBRE, 20 3 @ard >A@ETEGCHRIE Lz, JIESRMFIER 24 &
FEECTHD. Ka24 1B/ ONTRT —H % 1 @Erd 2T, JLHEA, BOREHE Sa
ILZNZE 4 0.168+£0.005 um, 0.166+0.007 um T > 7=.

424 (TR LTEIRT — 21220, x =0.15mm TOWRFR Z X 425 (2R3, BAT
TR OMEIE 0.05 mm, FFGA A7 E S 0.3 um TH Y KF XV HBIT D Z ST EL VR,
BEDA—/VEm T E B2 um THY, WHRARIRN RS Z L Rb1D.

MLEOESFTFEE T ) 7Y A =% (A5 70°, HIERKZHP : 300~1000 nm, HIE
WEMME - 5nm) ZHWTHIE L. K426 CHERREZRT. INLHE A, B OB THEIT
FOE n, WEHLE « OEITRKTHOL TH-oT-.

x = 0.15 mm, cross section in x = 0.15 mm, cross section in
= : .
i \ Fig. 4.25(a) lﬁ’ \ ; Fig. 4.25(b)
= 0.3 0.3
Py 2 2
1 1
0.2 0.2
- Er :
g 0= &£ 0=
0.1 4T ol a7
55) -2
00 0.1 0.2 0.3 00 0.1 0.2 0.3
X mm X mm
(a) A.area 1 (Sa = 0.173 um) (b)B.area 1 (Sa = 0.173 um)
Fig. 4.24 Surface shape of workpieces A and B measured by white-light interferometer
I Pick feed Ir Pick feed
g 0.5f 1 g 0.5f
5 0 5 0
£ 0.5/ 0.5}
-1+ -1r

0 005 01 015 02 025 03 0 005 01 015 02 025 03

y mm y mm
(a) Workpiece A, area 1 (b) Workpiece B, area 1
(x = 0.15 mm in Fig. 4.24(a)) (x = 0.15 mm in Fig. 4.24(Db))

Fig. 4.25 Cross-sectional shape of workpieces A and B
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Fig. 426 Measured refractive index of workpieces A and B

444 WMELIAL—2avVIZEHROESVOEN
FPH 424 (TR LR T —ZI12x LT, R & REEO YR L O8ES5HT
R Ia2L—yara2BIrwy, X 423 (Tn LB L RO KRGO 58 EE 4546 A3

SondhEFEE L.

4.4.2 HiOBETHWIOLFZEMEE CIIBEMROE LG RIDEN AR L, E ISR
LENEEDLZ TS, 22 T433.1 HiTm L7 FTIE & RIS DORE (Iyy) DA
REVR LT, BRI REEIIIR T — 2 L 5D 2Ly, = 02 um L L, HOEEKEE 2= 555
nm & U7=. [ 427 \ICHEREREZ R, X 4.23 OJCRBEMEEm 4G &%, N THE Lo E TR
RAELDODFIGERH LI, HEY I 21— a3 VICBWTRIENRBIROZEEEZEETE 5

ETFREND.

Pick feed

0.1
X mm

(a) Workpiece A, area 1

X mm
(b) Workpiece B, area 1

Fig. 4.27 Simulated distribution of normalized reflected light intensity (loue)/{lout)|z=0

of workpieces A and B when wavelength 4 = 555 nm
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WIZ, SRR AR 2 fi < 2 & THIRDOES W Z T L7z,

INTEHOFARE L OEITROBET — 2 1%, TNENK 424, 426 R LIET—F %
Mz, BEDGIZOWTIE, 445 fioERERHE T > 77— FEAICHVW 2 LED TR D
FRPAYEHREE 2, /0t I EE Rt (GHE IR 380~780 nm, JIEH FRIME: 1nm) % AV CHllE
L7z, X428 ICHERRE2 /R

RIPEB K OBIEOHMIZHO>WTIE, Bk 7 > 7 — Mot v 87 v A2 by
T, K429 OXOITEY FIANZEEIZRIDEDAS L, BT 564827, £ 4712
SR E AT BRI mAEE L, BIEAEE LI,

UEDT =22 T, ZRENOBEAE 0, IZOVWTHRE Y Ia2b—araBl
2RV, NI ORI 5 An 2 R U L %2 RO R At 2457, X 4.30 12,
HAETHONTBESMOF E LT 0, = 25, 45°0O45 %27, R (@)Ob)IZR L
0, = 25°DBPETIE, MIHEAIZH~NTB O L BE0olss L, FX@2)b2)0 6, = 45°
DFETIZA DFRE. X431 ISR AR O ERAE R 2 73, K TcORIT,
FNEND 0, ITBWT 3 EITOREMEICH L TEERER L L O, =7 —"—DEE
ITERER 2 B S, ERF GO 60, = 45°TIIMTLHE A O L NHEE <, ERE
DAENSBENTZ, 0, < 30°OEPHTIIM T B O L MA@y, LeRn->T, I
A TIERS 510 T OBEEE DS el <, BLEE A EEDNEAL T 212D OHEEE AN BRI/ & <
o TV, KoT, ML A DIROEG WA RS & FHil S 41 5.

728, 431 1R SV DL NRDFRRR T E 2020, 4.2.2 Hilcib~7-i@
0, BEEE OZEDBEREE S LRI 2B 2 TV A NIIERT 5. K431 FIZB W, 2T 6, =
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Fig. 4.28 Measured illumination light intensity I;,(4) of LED light source

for workpieces A and B
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. \4 Observer
[llumination light % 6, i 6, .
Pick feed

y <

Fig. 4.29 Directions of illumination light and observation in visual simulation

for angular luminance distribution of workpieces A and B

Table 4.7 Conditions of visual simulation for angular luminance distribution

of workpieces A and B

6, = 90°
Illumination direction

6, = 45°

6, = 20°,23°,24°, ...,27°,30°, 35°, 37°, 38°,..., 53°, 55°
Observation direction

65 = 270°
Observation distance D = 150 mm
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Pick feed
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0.1 0.1
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L —
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(a2) 6, = 45° (L = 2170 cd/m?) (b2) 8, = 45° (L = 1008 cd/m?)
(a) Workpiece A, area 1 (b) Workpiece B, area 1

Fig. 430 Example of simulated luminance distribution of workpieces A and B

78



Mean luminance L cd/m?

4000

3500

3000

2500

2000

1500

1000

500

6, = 45°, lower hole
(specular reflection)

—4 Workpiece A
—= Workpiece B

T

T

6, =25°,
upper hole

e '
1 1 1 1 1 1 1 1

20 25 30 35 40 45 50 55
Observation angle 6, °

(a) Overall view

1100 r

1888 Nes Workp%ece A 0, = 25",
800 1 —+ Workpiece B upper hole
700 1 .

600 r
500 r
400 r
300 r
200 r
100 7
0 20 22 23 24 25 26 27 28 30
Observation angle 6, °

Mean luminance L cd/m?

(b) Enlarged view

Fig. 431 Simulated angular luminance distribution of workepices A and B
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Ty b7 v 1 TOEREM T, MTHE B OHFBERDOES VA EW & & 2 -l
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Black curtain | Collimated LED light source

Illumination light ‘V

Workpieces A and B
(A in front and
B behind in this view)

16 cm

g
o
v

15 ::m j

(a) Setup 1, without partition

Upper hole

, V Partition
7

----- =

Workpieces A and B
(A in front and
B behind in this view)

Lower hole

(b) Setup 2, with partition

Fig. 4.32 Setup for sensory evaluation of workpieces A and B

Table 4.8 Result of sensory evaluation on gloss degree of workepieces A and B

A B | Higher mean luminance or gloss degree

in simulated angular luminance distribution

Setup 1
“Which looks glossier?”

3 6 A

Setup 2
“Which looks brighter 1 8 B
from upper hole?” (8, = 25°)

Setup 2
“Which looks brighter 7 2 A

from lower hole?” (8, = 45°)
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T T 4348 LFEEIC A= 400, 550, 700nm & L CEE L7z, 43512 W, OFFERER
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N—DRIFFEERFEEZH DT, WITNOERICBWTHIERFOME 0, =45° THiK
LR DR B, LA OER B LV b R&EL, ZOEMEERALZBLTND.
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Fig. 4.33 Calculated energy reflection coefticient of workpieces A and B
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Fig. 4.34 Calculated values of W, of workpieces A and B
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Fig. 4.35 Calculated value of W), of workpieces A and B
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DHEBE A L TND[62]. S LISHMBLOEE, Bk 72 K5 71 T ORI DR E /3412 X
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e EOLFTAREEE, € BREWGAITEECORROE, R lebbbd. £ T, ki
B TEE LI L EONMTHOBOYE C* 25 & T, WEOADOEELH X & fif
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MR 2 b— g VIERSHEG O ERORE L a2t T 2 hikalR~5. X5.1
WZRT LI, ETHONTZADHHOZNENDEFZTO LY, a*, b* Z:RD, L*a*b*f
ZECT ey v 5. LY, at, b O IF, @F, bF AHEL, a'bFEN TR (aF, )&
JRR & OFEREA SR ORE CF, MHAEEZEEOEM b LT 5.

b* Mean chroma C*

A / Averaged point
a*, b*
Plot in o / ( )
L*a*b* color space (o)
® o©
o_-"
~N. o o©
0 o—> @
o [o) o

Mean hue h

Obtained color distribution
(Visual simulation or photograph)

Fig. 5.1 Method to calculate mean chroma C* and mean hue h of obtained color distribution
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Pick feed

11 mm

Fig. 5.2 Photograph of the iridescent sample (No. 10 in the sensory evaluation questionnaire)
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Table 5.1 Measurement conditions of white-light interferometer

for the iridescent sample

Measurement area size 1.5 mm x1.5 mm
Measurement hight resolution 0.01 nm
Spatial resolution 2L, 1.1 pm
3mm 3mm 3
Pick feed m
g E Area 1|Area 2
g !
N
m rm oo | E
y TI__I [ L.ﬁ o
1.5 mm Area3
Li‘
11 mm

Fig. 5.3 Positions of measured area on iridescent sample

3

0.5 | 1.5
X mm

Fig. 5.4 Surface shape of area 1 of the iridescent sample measured by white-light interferometer
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Fig. 5.5 Measured refractive index of the iridescent sample
Collimated LED light source
@ Illumination light
Camera
Feed L0
©
Pick feed \ 0,
Sample \ ____________________________
Measured area 1

on iridescent surface

Goniometer stage

25 cm

Fig. 5.6  Setup for taking photograph the iridescent sample
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Fig. 5.7 Measured illumination light intensity I;,(4) of collimated LED light source

for the iridescent sample
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Table 5.2 Conditions of visual simulation for the iridescent sample

Spatial resolution 2L, 1.1 pm

Wavelength 1 380 to 780 nm in interval of 5 nm

[llumination direction 6o = 0°
61 =50°,49°,48°,47°, ..., 40°

Observation direction 6, =90°—60; (6, = 40°,41°,42°,43°, ...,50°)
6; = 0°

Observation distance D = 250 mm

533 BELREVIaAL—Ya U EROLE

R THONTEEDNL, BIRARE L-@AEZH L, R Iab—va 2k vE
RV AWk XLV TRl 2 oL S Y

X581, MLHEHDEEELADY I 2 b— a3 VRO AZ/RT. HEME | TOEE
EEHEREE, T bbal)d(@2), (bl)EM2), (cl)&(c)ZF T 5 L, ML BEDME
WET DL L BITERBYEDLHIN LTS, I, ZRENDMAEIZONT
HIENLE 1~3 COEDFRFRA KT 5 &, FROAOSmRR6N5.
FEBIOVIab—va VEEROGBEZEENICHET 5. I AT TIIO N EE B
RITHE TE RN, G ORRHEIKTET 5 L*, af, b* ZET 5 Z LT
HTHDH, £ T, BETFT—H LV Ial—valERENETNICOWNT, Y OAK h
ZEFELEE L., BETF—4 TlE, FHFEICOVWTRGBI3)~B.15)ICEY R, G, B b
SHEE X, Y, Z AFHEL, af, bt EHE L. af, b TNENOFEY oF, bF &Rk,
a*b* Fimic fé(ab)®uﬁ%f&bfiﬂ®@ﬁi h ZRbi=. [ 59126, = 50°,
0, = 40°L LTHog LI=BEHEE R, G, B O, #tHEINT a, b* OO OEIZRT.
a* = -263, b*=22ThHDT, h=atan(b*/a*) = 175°L 72 %.

VIab—Ta URERIZOWTR, FEROFTEDIZEREENENICONWT a*, b* &t
B, GELFERRIEHOEM b 2RO, X51012, 6; = 50°, 6, = 40°DHAE DD
N E at, bt OO ERT. ZOREIE aF= -490, b*= 488 THHDT, h=
atan(b*/a¥) = 135°L 72 %.
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1.5 mm

i~

Pick feed

Measurement area

(a2) Simulation of area 1
(al) Photograph of area 1

B o

(a3) Simulation of area 2 (a4) Simulation of area 3
(a) 8, =50°, 6, = 40°

1.5 mm

S T ) 15 i

N

(b2) Simulation of area 1

(b3) Simulation of area 2 (b4) Simulation of area 3
(b) 6, =48°. 0, =42°
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1.5 mm

Pick feed

(c3) Simulation of area 2 (c4) Simulation of area 3
(c) 6 =43°, 6, =47

1.5 mm 1.5 fiis |

N

|
|
|
|
|
|

(d2) Simulation of area 1
(d1) Photograph of area 1

(d3) Simulation of arca 2 (d4) Simulation of area 3

(d) 6, =41".60, =49°

Fig. 5.8 Photograph and simulated color distribution of the iridescent sample
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1.5 mm |

' 1
0.8
6, =50° 0.6
6, =40° 04
02
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. Feci_

Pick feed

(a) Photograph (b) Normalized R
| |
0.8 0.8
6 0 0.6
<
04 3 0.4
0.2 0.2
0 : 0
(c) Normalized G (d) Normalized B
60 60
40 40
20 20
0 = 0
220 -20
-40 -40
-60 -60
(e) Calculated a* ® Calculatid b*
(Mean value a* =-26.3) (Mean value b* =2.2)

Fig. 5.9 Example of photograph of the iridescent sample, R, G, B distribution and

calculated a*, b*
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No. 10, area 1

0, =50°, 8, =40°

S mm
(a) Color
100 100

t mm
o
o W
=)
b*

-50 E g . f-50
q00 0SS U
-0.5 0 0.5 -0.5 0 0.5
s mm s mm
(b) a* (Mean value a* = -49.0) (c) b* (Mean value: b* = 48.8)

Fig. 5.10 Example of simulated distribution of color, a* and b* of the iridescent sample

B S511IC, FET =Xy Ial—ya VERICOWTEYOEM h Z5HE LR %
Y. ETHEE 1 TOEEBLINV I 2L —ya UERAETSE, h AAKA 6, 12
X o TEIET 2EMN KL TND. LEed> T, BEICALNDILHRIOBOEHOE L%,
MELI 21— a Mtk PHITEDLEERD.

F7o, EIK I3 OV ab—va VREERARKT D L, fEIK 1~3 OEMIEREERICE T
HAABEB A LD, HEME 1~3 138y 7 7 40— RHFHAICRRDALETHY, EWEZ S
BT 5 LK S200IRT L ICnEbo> TR 2 DM, sHREER XV 2N EICFEE
DEHREZ OB R B 5 Z LoD, Zoizd [H—Th b L\ )iz %
FetEZOND. 2IEL, BT 0, = 44°, 47° TIELEENL 3 LHEEL 1, 2 & OO ENRK
180°CdH Y, a*b* Fifi L THAICK L TR DB THLZ LERLTWD. T2,
1, 2 ICHAEE 3 OBNRRSTRZDEZZ DN, WEAE—, F3AH—EH
Méhéﬁa@@ﬁ@%@%tpowfd,é6um®ﬂﬁpowfﬁﬁ@%ﬁ%%:ﬁ
STHRETHLERDS.
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Mean hue h °
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[llumination light angle 6 °

100 S/ e

Fig. 5.11 Comparison of mean hue h of photograph and simulation results

of the uniform iridescent sample
5.4 HEDEDEOH S DR

5.4.1 BHIEAE

MTHE AR X D) TILHEIC R 2 700 E Vo ERERHMER RSN D 2 En3b 5.
T, ROFEE VS TZBREPRHTH LN EHEL TND EE X BNS. £ 2 Tl ofif
RN E %, MEOBOREEZHET DL LTIV T 52 L 2R A D, 44 Hi TRz,
RIRDME ®T~Wi/b\wTWMLtMI@;owf Bz RBIEEAE TOYE DO
EC AR LB L. SEMAREOZLYMETHRD 720, 4.4 8 L FRRICERERHL T > 7
—hERBIoT.

542 EEOHEH#R

4.4 FiCHl TN LA A, BIZOWT, SRR /540 dh#f 2 i 7o R & R US4 TR
Ral—valraBIlhy, TNENOBIEMET LIEHORE ¢ 23R L7 ey b
L7z, S22 THE A DWW TE, = 25°L Liz & ZORHEMEOHIZ 777 . [FK@)IZ®
ZARLTED, O)OITZENLEN a*, b* DA THD. a OFY) a* = -45 & b* OFY

b= 17905, FHOREL C=a +b = 185 LEans. ®51312 T O3

R R A RT. KB CORE, MTE A, B TEREN 3 @EATT SBIE L IRT — 2 1oxt

LTCHAELEEDO Y Z2H 6L, T —_"—0E SIIEERAZ H DT, 5thE L8

AEDOR TOREDRKEE LT 5 E,0, = 30° TOMILEBOEENKbEW. 72,
< 35° OFPTOFEE LT 2 EMTiH B OFNE. 0, > 35° OFPHTIE 1°7
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\CHEDORNBMENEEL TV D, LI -> T, 0, < 350 O TONEH 22 DEER)
ST B OFREND, 0, > 35° O#FIH CITBERMEIC L > T LT 5 Liisn 5.

0.1
0.05
= g Workpiece A, area 1
2 g 0
G~ =
E, -0.05 Observation angle 6, = 25°
-0.1
-0.1 0 0.1
s mm
(a) Color
100 100
0.1 0.1
50
0.05 o0 0.05
g g )
g 0 0= & 0 0 =
-0.05 -0.05
=30 -50
-0.1 -0.1
- -100
-0.1 0 0.1
s mm s mm
(b) a* (Mean value a* = -4.5) (c) b* (Mean value: b* = -17.9)

Fig. 5.12 Example of simulated distribution of color and chromaticity a* and b* of workpiece A

200 - T -+ Workpiece A
—4$— Workpiece B
6, = 250, = °
150 L 2 6, = 45°, lower hole

upper hole (specular reflection)

Mean chroma C*
—_—
=
S
T

D
=
T

H
1 Il Il Il Il Il Il

20 25 30 35 40 45 50 55
Observation angle 6, °

Fig. 5.13 Simulated mean chroma C* of workpieces A and B
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543 BREHE 7 7 — FRABLBAHER & DB

X 5.13 12 SNTHEOHREMENEREO BRI R & — BT 202 RAET 5720,
445 BTk b DLR Uty b7y I THREEHMET v — MEA B IR o7z, FHEE
2, FANCERARCODORECNSITOWTHHEIZHI L%, K432 1R Lty RT v
71, 2T [EBLDHEDENEERINCRZ D0 L WHERICE 2 S8 7-.

£ 53 ICEREIHMERERE, X 513 (R L EHOREORHEKREL L bIoRT. B
EAHIRLZR2NE Y 7 w71 TlE, 28K 513 THONTEER L FEDORIZE ThH 72,
BEMAEEFIR LY b7 v 7 212250V TIE, 6, = 25° TIXRENHEER LA CRZET
HY, 0, = 45°TIXFHEAER & RIOFHE % L3l O 523 % o1

X 5.13 128 LI EE O E OFHRAERTIE, 0, = 25° DRI O A E TIIHE O KR/NBER
IR L TWRW—T, 0, = 45° DRI SRR TIX 1°81b¥ 2 Z L ITREOR/NERN
KR L TW5. By b7 7 2 TIHBIEEREN 15cm THo =03t L, DW= TORDIE
DESEFN2em THY, BEAKE 6, [ 1°~8DIEL2ERNboTotEZLND. #Hlx
X 6, = 41°, 44°TIIIN L A OEEDOH R E<, T OMETRGE 2BIEE L7z "TREME
N b,

LLEMNG, BRI TRIEE LT & 2 OREMREADRSLH S OMITHATE 5L F
2%, FTREOH TR LI & ZORECHSITOWTIE, RO AE CHEBEICEEDK
AN HE L2V K D Ao FINS DWW TR CE 2%, BIEMEIC L > THBRICEED
FNBEN BT 2 LHAEINIGAEIRNETH L B2 HND.

Table 5.3 Result of sensory evaluation on iridescence of workpieces A and B

A B | Larger mean chroma C*

calculated by visual simulation

Setup 1
0 9 B
“Which chroma of color looks larger?”
Setup 2
“Which chroma of color looks larger 0 9 B
from upper hole?” (6, = 25°)
Setup 2
“Which chroma of color looks larger 7 2 B

from lower hole?” (8, = 45°)
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EIRNTT D HEE LTIE, R VERS Y = —7 Ly NEWR[69], 7 T 7 ZVEENT[70]78
ERFTFToND. FRCHR—IVERIY, TR—T7 4 NE BN ESFUEOFETHY,
B4 AL 0D 5y B T @T Z DR & ORHEEZ T 5 515 L LT, B3R
&%ﬁu%zﬁﬁ%; B G2 WA [72] 78 SIS < b Tnvd. 3.2.1 Bi TR~ 7o &
5K,VTTH%%@%@&@%ﬂ%@ﬁﬁ%ﬁ@%éﬁﬁf@ﬁ%@;%ﬂﬁﬁkiU@
X ZMH L TE Y, Anderson O [73TFFIC BUMIEIE O HHIREEZ T AR — VB L LTCET
Me L, BEEOREFIEICL Y EMEREREZHEBOHRBOBRFRER LN LTS,
Anderson & OWERERZITCICH R —NVEBREH NS Z LT, BRerHMEIZI T 2 UIHIEER D
B~ S &M CE 5L PREND. RIFFRTIE, B2, £RERE IR 5 UHIEREZ
HLOMTHEIZK LT, 27—V 2B LD EEOZER 2 b T A NOFHHE & AR —
IVERIC L DT 2B 2, W O EE T 5.

AREOHBIZLLTOMEY Th 5. 6.2 Hi CIIUIHIEEEDYE) — X OMHT FiEE iR ~5. 2 &
7 — ) T EHRAEISH L CHED R T A M EHE L, ZEMfa s b TR MERE
BAE A W CUIHIRER DGR T & D a5 Hik L, HAR—NVEHZ R CUIHIERED
B — S & ffir 3 2 iz id 5. 63 {i T, BIHEROYE — SITENR S 20T %15
DD 7o TN TEBRIZOWT T«é 6.4 HiTlx, HE L 3 FIEOM ORIk
PHIE LT 2B 229, HEY I a2l —ya VTR VESHAHEL, BH—& L R y—
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SOFEMNR ONDENE, 2IRTE T — U 2B L DR — VEHZAWNTENLENOMITIHIZ
DUWNTHENT LIS T 5. 65 HilZbL LA & O zfimTh 5.

6.2 IR R DR /&

6.2.1 2RAT—) IEBICKHEEDERHIIY FS X FDOFE

B 6.1 (2T & 9 7B O IEKE ORMBREE B 2 5. (i x (230 D8E L(x) (TKRK
ko Thobans.

L(x) =L + asin(2nfx) (6.1)
22T LR, a ITHRE, f ITERERERE S 5T,

L(6.1)TH OO I N HBENFAE L L CTHRE SND D, H DV —RRA R TRk oI
W & LTHITE S 200F, RIE a &ZEREKRE f ITKFET L. MEOZERBa Y 7
A NEEEVE, B O LA O 2SR A S RIS R 2 1B b Lo & &, TR B0 %R
JEPE T xE U CERZBE AR 255 © X 2 5/ hOBEE OIRIEZ R~ T H O THH[34]. X 6.2 1%
a & f BERAICEILS BT L EOMBREA AR LI D TH S, P TENDTIC
M35 T a IFRELBRVBEEN R 2T < ed. e, ErDAICADI>T fIERE
72BN, f B BWOME THRERRD BRI R A 5 2 L Wbnd. 22T, 2/
Ay IFARNC %
a
L
LBE, ZRERO f Tk L TRERRZ IR TED5H/ND C % Cpy, &8 &, 22
Y T ARNEEIL 1/Chin THOHDLEIND. MM 8T A MEE 1/Chin = f OB
BelLThobblieboNar b7 A MNEERBRKTHL. 2 M7 2 MNEREBEORIEIC
OWTIIEEOIZEN 2 SN TEY, DeValois H[74|DHEFERTIE, = b7 A MEER
BOWER N RARAT7 4 VZIITER Y, Z2HE S 1~10 ¢/d (count per degree, 7=
I cycle per degree) D& XIZa FT A MERETIRKE LD, 2 2 THEMBEEEO BT c/d
IIREFA 1PICEH END IEREFRROEMOREZHbbT. £loar b7 A MEEIX L ISk
7L, L WREL2DIEE M TAMNEEIRELS 25, Thbb, bI ) ORIET
LR EZ MR LT RD, a2 M7 AMEEIX f & L IZKGFET D0, £ < 20c/d Tl
10~100 DA —FTH Y, ZEFEH= 2 b T A R 0.01~0.1 UL ETHIUTHEEEZ R TE 5
ZEThe .

— Iz = M T A MEERBUL, X(6.1)Th bbb I D L5 e B/ IEsLERERIC X LT
ROEDIZLVERSNTEY, AFETH D 2 WILOBREDOFARIZHOWTITERZ ST
IRV, T TARIZE T, BRIICZERa Y T A N 2 RITICHER L CEET S,

2 WL DO ORI L TZEMa > b T A MEFRT 5 PIEZ RS, £9HEDy
iz, thx RZBMEEEE bOEREOERADLE THDH LB X RAD X912k <.

C= (6.2)
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(a) Luminance sine wave

Period 1/f
. A
£
S mplitude
~ a
S Siar i T e R e e e S
g
g
g
~ L(x) =L + asin(2rfs) R

s mm
(b) Graph of luminance sine wave

Fig. 6.1 Luminance sine wave

Amplitude a  (Small)

(Large)

»

(Low) Spatial frequency f (Hight)

Fig. 6.2 Luminance sine wave with various spatial frequency f and amplitude a

($BERA 5, 2007[34], p.209, [X 8.5 Z&& L L TIER)
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L(s,t) =L+ Z a(fs, fo) sin[2nfs(s — )] sin[2mf, (t — ¢,)] (6.3)
fs e

ZIT fi fo BEREN s, t HROEMERKTHY, ¢ ¢ 12THEHOZERMERE
BOERBEOMME D HbT. 20L&, RO EREREES L OEREOBE 5t L
T, HEOEMBaY 8T AR Cff) ERACEVHFETS.

i p = 2D 64

e N T A NEFET AL, TR ROBE S AN HLR@DICEY L &K
W, WIZ2Wmk7—V EHIZXY a(fy, f) ZatFiT 5. &RICXO6.H2EY C(f,f) &
55.

6.2.2 AR—ILERIZE SBESTO RGO BKRE

HAR—=IVERTIE, TR OBBEIC T R—N T 4 N2 EETT 52 L TH LWEfg 4
R S, BN TOAEZ (s,t), ZEEEEE f, HEx 0, L3508, TR—1LT 4
NIRRT T LI, oA E =ABE N THDLDIND[69].

6 f, 0, 0) = — S pli - 20f 6.5
g(S, lf' r,U) - %CXP - 402 exp[l T[f 5] ( . )
72720, ETRAUTEY s, ¢t HHZFEHZL THLNLD.
¢ cos@, sin@,]/s
(77) - [— sin®, cos 0,] (t) (6.6)

6312, f, 6, 0 ZELEEIEZDOHR—IVT 4 )VE DR ZRT.

104



3-i

03 -02 -0.

S
@@ f=10c/d.c =005 .6, =0

7203 02 01 0 01 02

5
b)f=10c¢/d, 0 =0.05° .0, =45

203 02 -01
S
©) f=20cd.o=005 .0,=0

Fig. 6.3 Example of Gabor filter
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BT — 2B HALE (s,t) TORRESCHEEEZ As,t) LB &, HR—VE
?ﬁ@f*%& LTHELNDEEBET —4 G(s,t) ITRAUCEVEFEIND.

G(s, t) = ff A(s', thg(s'—s,t' —t,f,0,,0)ds'dt’ 6.7)
Wi T — & RO

ZZT G(s,t) T MRICEFETH D, (6. TITR O EHN BT — ¥ RIROHIPH CTH
B0, R6NTRLTIZE I g(s,t, f,0,,0) \[ZIZH T ABEENEENTVWD., 2D, 3
FA—HF ¢ X TIRED, H7AEEMEZ RSN TELLLARNS, RFTZ LD
ZE AR L OMEE S S S,

¥ 6.4 12, [E5ZHE OO E b OMiGET — X \Z AR — VAR EZEH LBz R~d. [F
MlIZrd ol A(s,t) TiE, FIROIRIED 1 T—ETH DA, £ TITIEREN s
HHZEATTHDDIZHL, AT 45° TS, 2ok &, FARDbIZ, X 6.3a)Ix
L7= f=10[c/d], 0= 0.05° 60,= 0" OHR—IT 4 NFZEEHLT G(s,t) DOffxHE%
R LR ERT. B0 OEN 1 THLHDOIZH L TEEDTIZO0 EoTEY, TR
— T 4 A LA CZER R S & & b o o 2 OFEIRICH 0, AT
W2 EERLTVWS, £72K 6.4 (o)iiE, K 63bIIRLEE f= 10 [¢/d], 0 = 0.05°, 0, =
4?®ﬁf~w74w&%ﬁmbfcmm)@%ﬁﬁ%%ﬁbt%%%?# A(s,t) THY¥

TIE 45PN TR N o U JE 00 1T AT 8, BERAER CIIA -0 CENR 1| THhDHDIZ
ﬁLE# JTIL 0 THDH. 7o, [FE(D)(c) TIXEEE DD B 0.2°0 Ik THERE R —
ETRO. ZHUIHR =7 4 v Z BIEN st FHNTRESZH-oTEY, JLOEBE O
HTIETANZO—EREENRNTZHTHD.

Anderson H[71]1% V1 TOZEMERE L HE O AE TR—NVT 4 NV EZ LB L TET IV
fEL, KOESHIIBWTZRFOREIEHOLDLI /T A—4 ¢ LEMEWNE f OBRE
FERIZ LV HE L7z, Anderson b DHERERIZ ZAUT, [ BE<<RDIZoNT o A/hEL
2o TS, TRDHIERRE ORI < 72 513 EHREF O/ Z 22 Ik TRELR Tl b
Z L1725, Anderson HOREFRERZITCIT, o & f OMOBEKREZRNIZEVELT 5. 72
72U f OHMLZcd THD.

1 0.7

o= (W) (6.8)
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Amplitude: 1
Tilt: O°

Amplitude: 1
Tilt: 45°

1.5]
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1
=
n

1
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-1.5

-1.5 -

1.5

1

-0.5

(a) Original image A(s,t)

-1.5

s
(b) Calculated distribution of |G (s, t)| when f = 10 ¢/d, o = 0.05°

1.5

1

-1

-1

o

s
(c) Calculated distribution of |G (s, t)| when f = 10 c/d, o = 0.05°

1

1
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1

0.8

0.6

0.4

0.2

1G(s, o)l
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- G =10

.0, =45°

Fig. 6.4 Example of original image and result of Gabor transform
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6.3 IHIRER & T E DS ER

BIHIER N ) —IZ R X AN T & A —IC A 2 M TiEHET 5729, SHIERE B
ol MTEy T vy 7IEK422@) R U THY, 4502 I 7= w2 YIE) Lz,

IR DY — S 2B b SE B HEE LT 2227, 1| SHIFUEI A 2D E S 221
SHLHETHD., KRERICENTT v 70y N TUHIT 256 ORI IR, K 65127
FTEOIE, T Y®EOHFAICTEZ%-CUHIL, X EEDKM, Y #iE o5, X
ADIFH, ZEADHFHONEE Uiz, Z 2 CX oG micks ElE2 2t s85 &, UHIL
TWAHHDOLEDEMADAAINE v 7 7 ¢ — RERICZE L, #R & L TUIHIBERDS 722
STRAXDZENRTRINS. 220HIF, YHAOHAICTREZEX>THHITAZ LT, 7
v Ty NEFI ATy FTUIEIT A HIETH S,

RO FET I FEHEONMLE C, D, EZMHE L. £ 6.1 ICUHISRMEEZRT. INLHEC
ZRAEL L, D TIEERD 1 SDHOHFIET, ETIL2 DHOFIET, TRENUHISADOE
XLHmEE ST LE.

X 6.6 | T C, D, EDGFEHEEZRT. MLHE CIEEY DIEDOFHNGE Yy 7 74— K
DIEDHFNTIAA 5 —HRZRUIHIEAR N R 2 5723, ILHE D ST —ERZRBIHIERR A 72T &
e\, F72, IMTHE E X, %0 FmICb Ey 7 FHIC b —E TROVBIHIBEEN B2 0 5
nab.

B 6.7 12, 3EON T & Y P Bssi CRlEE LT ol g 3. L C T,
v 7 74— REMIZ 0.2 mm T Z &2, B ATRIRDE—IZTK 0.1 mm §225 0 HZ 4
NTW5b., EO—FT, MTLTHE D TEEy 7 74— REFMIZEATR & X A TRROT
MR RZT SNROERS &, 250 FAICK 0.1 mm T TV DESN R OIS, SRS
TILIZAWHIHZBE LR, By 70— RGNS 6 BT T LT 1 B, 2%V W
1249 0.1 mm OFTRR RSN K 6.5 107 LIZEIEL SR 2B 5 AR T ¢ & &
L7z72®, C ERBRICTNEIT —EE D ETPREINED, —EL2bRo ZREIFAH
ThH2. NLE E TIE, By 7 74— RAERICHET Z &2 0 A7 TR 3% D 5 ISHK 0.1 mm
FTOTHNAMENIMNMLHE C EFEERTHY, IDICHATROFTEY Y7 74— RFHIC
WA N B DN 5.
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7 1> Ball end-mill
+ Y-
A% Y X+ @
>

X z
X-
<« 7.
Workpiece +
Next Y+ NextY X
Y

(a) 3-dimensional view (b) Side view

Fig. 6.5 Tool path used in cutting workpieces C and D

Table 6.1 Cutting conditions of workpieces C, D and E

Workpiece number C D E
Workpiece material STAVAX (52 HRC)

Tool material Coated cemented carbide

Tool 2-tooth ball end-mill, radius: 1 mm
Rotation speed 11000 min™!

Depth of cut 0.05 mm

Pick feed 0.2 mm

Feed rate 4400 mm/min

Coolant Oil mist

Up-cut or down-cut Up-cut Up-cut Down-cut
X+ length in Fig. 6.5 1.6 mm 3.4 mm 1.6 mm

Workpiece D M

O\

Workpiece C ) \‘ < Ly Workpiece E
—— : -

Fig. 6.6 Photograph of workpieces C, D and E
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Line across cusp

(c) Workpiece E

Fig. 6.7 Optical microscope image of workpieces C, D and E
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6.4 MIEDBRITE & T

6.4.1 BERAEERESZIaL—23Y

MTEORAIRE 3 ETd >, BETEHFHICLVIE L. MEOLRMHIEFEST LR TH
5. X6 ICHIETHE NIRRT — & 229, I LHE D IZ25WTIE, FROGICA A TE
ROFTNREENTVWHHEIK 1 &2, OIIFEFENTWRWEE 2 2/r7. RiEHS Sa O
fEIE, C Ti%2.084£0.006 um, D Ti%2.010£0.035 um, E TiX 1.672£0.014 um Toho7=. N
TiE C, D ORT — X & ik d 25 &, X 6.7 1TR LI B % &[RRI, C Tidh
ATAROTHN—ETH LK LT D TETHBNENERS EH DN 5. ITHE
C, EOBRT =42 T 5L, €y 77— REMICESRZ LK 01 mm TO0 27
R AL D FIAIC T TV BB AR L CTRZT 5D bO0, [K6.7(c)7 L= E DX
FEAMSIEGICR ON- X o7, IATRRICEENDIE Y7 7 0 — RO %
AT ST L.

T C, E DFRDZEIZHOWTEEMICTHR D728, K 6.8(a)(d)lR L7z Zih> TEIL
Wk E 72y F L7c. K 6.9 IZEONWrimkZ =3, T C TIEh A TTRIK
MY —CTH H D2 L, E TiX 0.1 pm A—F ORI AN R bNns. 20k H 7%
AR 7R TR D ZEZ K> TREEDOBENZE(L L, 52 E TIEFBEMERBRICA O X
IBAATIIROFOMPAELTZEBZBILD. EHIT, 43.3.1 Hi TR LIZFIAE [FERIZ,
INTHE O B S BB AS L B B8 LTS8 ORI OIRESAT (o) ZRIH
L7z, ZEMOMRRRIIIRT — & L 5ot 2Ly = Llpm & L, JOERIE 1= 555mm & L
72 610 IZRHREFE R EZ AT, MLH EICBWTE Yy 7 7 ¢ — RHEBIZEER O X 5 7
R, SCFBMERmGg o6 & —ET 5.
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[Feed ) 10
1 5 -
g 3
2 ¢ 5
s
0.5 -5
Cross section in Fig. 6.9(a)
-10
% 0.5 1 1.5 Al

X mm
(a) Workpiece C, area 1 (Sa = 2.081 pm)

0.5 0.4
0.2
O 0.5 1 1.5
O X mm
5 T (c) Workpiece D, area 2 (Sa = 2.051 um)
(b) Workpiece D. area 1 (Sa = 1.991 um)
1.5

E

y mm
—_

Cross section in Fig. 6.9(b)

(=]

0 0.5 1 L3
X mm
(d) Workpiece E, area 1 (Sa = 1.680 pm)

Fig. 6.8 Surface shape of workpieces C, D and E measured by white-light interferometer
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y = 0.75 mm in Fig. 6.8(a)

Height pm

X mm
(a) Workpiece C, area 1

y = 0.75 mm in Fig. 6.8(d)

X mm

(b) Workpiece E, area 1

Fig. 6.9 Cross-sectional shape of workpieces C and E

X mm
(a) Workpiece C, area |

Pick feed

X mm
(b) Workpiece E. area 1

=0

out)lz

Normalized reflected light intensity a

Fig. 6.10 Simulated distributions of normalized reflected light intensity (Iyut)/ (Iout)|z=0

of workpieces C and E when wavelength 1 = 555 nm
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WIZ, ML C, D, E OBESMEZFRT LTI Iab—arzklliol.
FRBAYGIT 12X 4.28 TRk L 7= LED PAT YR D BB O /3 o9 Ai 2 W =, SRR 7 — 4
IZOWTIE, 44 EilZBWTLE, #AEIME bR CHMEOINLEH A DT —2 252 L &
L, X426 DEAITCRINTZT—FICLVFEEZBIRo7. 611 DX HIT, &£V HN
WCEEICRIDEZ S TBET 2582 0E Lz, £ 62 12& 42T,

Bl 6.12 12, AR 2 b—a VKR SNWEE A &2~ 3. Ll C & D T,
T AT TEARNZ TS 2 BEEE O SR O S — EDFIBR T - T A TN D, & BT
BRI & [FERIZ, C TIEAATIROTNB—ETHLDIZK L, D TIXT RS
K01 mm BREDES N H S, MILEE TIX, B A TTARITHGET DB O SR ORAE N
Bl—Tid7z<, BV HREEY Y7 7 40— REROMEFIZELL THDHEEmN RIS,

Illumination light % \4 Observer
.. 61 0,

Fig. 6.11 Directions of illumination light and observation in visual simulation

of workpieces C, D and E

Table 6.2 Conditions of visual simulation for workpieces C, D and E

[llumination light LED light shown in Fig 4.28
Observation distance D = 150 mm

[llumination direction 6o = 90°, 6, = 45°
Observation direction 6, = 40°, 6; = 270°
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10°

-

10+ E
o
o Q
= o
W = 103 8
SRS g
:
. E
2 B
10?3

2 “HES G5 SN TEE Iy = 101

-0.5 0 0.5
S mm

(a) Workpiece C. area 1

t mm

-0.5 0 0.5

-0.5 0 0.5 —
s mm
(b) Workpiece D, area 1 (c) Workpiece D, area 2

s mm
(d) Workpiece E. area 1

Fig. 6.12 Simulated luminance distribution of workpieces C, D and E
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6.4.2 MIE C DM

6122 L2 T C OB A OFFRAERIC 2 oe 7 — V) =Bz A L, Z2H
Bay T A NEFHFE L. K 6.13 IZfFbN72ZEM= b7 A MOz Rd. KT
BEh & e Xz 24 s @il ¢ B OZEREERE f, f 250U, Bifildcd ThH 5.
ElAITENThOZEMERETOa T A R C(fs,ft) @jvJ b HbT. FETIE
s M 722 b BRI L CKFEDHETE12.5 o/d O HEE W E— 27 B A %h
5. fi=-125¢d, f,=10cdiZBFDHa hT A b sc059fz§%>@ 6.2.1 Hi Tk~ 7= fRf
BEMEBT 20108 hay T A M B> TS Z &0, UHEAHARTESZ
LEBATELLEEAD. £, MEERIZE TS 1 N2 0% &L 02 mm THY,
BIZZIEHE D 725 150 mm Toh D Z & D HREFMIZEWS 5 &K 0.76°L 720, ZE[HJEEL T
I 13cd THD. LEN-T, 125cdDE—271F1 Az 0% BTG LTS &
Ezbhb.

AR—NEREB 2D &, HR—NT 4 NEOEMERBREEE ZRET 2 MEH
5. AR, BESMICALND EREEED I B ay T A hOKRE Ry &
ST 5H. K613 IR L2y M T A RNTIE, s WA ANCZEREREE f= 125 c/d D
BN S D Z LA RSNz, & 2 CEMEREE f=125cd, X% 6,=0 &L
THR—=NVT 4 NEEVER LTz, R(6.8) LV, HR—LT 4 VHDIRT A =4 ¢ [T 0.034°
EHE SN K614 ITER LI AR — 7 4 VX DI E T

6.12(a) R LI EE AR I TR — LV EH A2 L G(s,t) ZFtHE L7, 6.15 12, &t
FENTz G(s,t) OMXHE |G(s,t)| DOATZERT. HAR—/VEHTIE, JLOBEBE DD
DTIET A NEZO—EREENRN=D, HEBRENELD. K614 ITRLIETR—LT
A VEIE, ERETRO0ICOIRN Y 6> TEY, HBEOWMN B 0.1°OFH I TFHERZEN
BENDEBZONDTZD, K615 FOEMOBNIZER Lz, HNTO |G(s,t)| DK
il & e/ MEDZE (B1KZE, P-Vvalue) 1% 36.6cdm? THo7-.
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Luminous contrast C(fs, /)
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W 0.7
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Spatial frequency in s direction, f; c/d

Spatial frequency in t direction, f; ¢/d

Fig. 6.13 Calculated luminous contrast of workpiece C
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il 0.0000008

f=125c¢/. - ,

g =0.03° 0.05 11 0.0000004
07‘ = 0 ° FRY 0
-0.05

0.1 -0.0000004
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S

o
Real partof g(s, t, f,0,,0)

Fig. 6.14 Gabor filter applied to simulated luminace distiribution of workpieces C, D and E

0.5 10°
g
= 10+
o
- £ 0 103
E =
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Focused area  P-V: 36.6 cd/m?
-0.5 10!
-0.5 0 0.5 -0.5 0 0.5
s mm s mm
(a) Result of Gabor transform (b) Simulated luminance distribution

Fig. 6.15 Result of Gabor transform on simulated luminance distribution of workpiece C
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6.4.3 I D O

X 6.12(b)(e) IR L= N L D OfEsE 1, 2 (Zx6f U CRHE L2 fRIC 2 ko 7 — Y =
EHazwEm L, ZEH=as b7 A b%ﬁ%bf: X 6.16 (2o b T A DS Fi &
AT ML C OFFAEAER & FRIERIS, s #lFM0O£12.5 o/d ORI RV E— 27 35,
HiL, 1 HH7ZVOEVITKHELTND EBZBILD. I BT, [FX(a) TIXZERJEREE f =
125¢d, f,=25c/d IZBVWTa hTF AR C= 048 THHDIZKL, O)TIE f, = 125
cd, fy=0c/dT C= 070 THY, (b)DFFHHK 40%KZ\ . (b) CIIHEEE D IELRARERIZT
NMRIRNTZDIZ, fi = 12.5cd DR OFFEFRERPKRELS hofcbEZ2bND. LIeR-T
=Y T A MORPPYUIHIBEREO T HOFEESHEL TWD EF 2D, £l FD
TERD T b T A RD, 6.2.1 B TSR Z GRS 2 DI ME R a s T A M R[E
STNDZEND, UHIBEAHBE TE L2 LE2MPITELLEZD.

O MEESARICH R — VAR A Lz, X617 258K 1, 2 TO |G(s,t)| DFH
2R, O, M 6.12(b) ()R LIZEE S O ks R 2 T 5. ITHE C
ERIBRICX R O AR ENICIER 35 &, s il I FRERIE OIRWERT S Bz i b .
X, EONRY = BTN TODEEHTINIIETH EEBEZ NS, LR -T, tﬂ-zf“’\%ﬁ
Roid L5k ATRROT I Liéﬁi@—éb:, TR —=NVERDOFERIC b B D &
25, ABEND |G(s, t)| OFRIKRZEIZE 1 TlX 148.8 cd/m? T, K 2 TlE 168.8 cd/m?
ThHY, ZlTK10% T2 F T A MDELY /NI, TV, FEIE 2 OFF B E O &
WEFTDB DAL TWATED ThDHEEZEXLND. DATROTNICL DAY S 2ERE
LT 5121, |G(s, b)) %E%ﬁfh?‘éiﬁE@%Jr”ﬁf%%b%\%if%é LEZLND.

3B, K 1 IZBW T AT RO T a2 R+ 5120%, ZHias 7 2 &GRS S
BAICITRE 2 & R A NENH DA, 7‘7%»—»9?%@%?@»@5“ VXREIR 1 OBEEES3AR
DFH RO L.
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Spatial frequency in t direction, f; c/d

Spatial frequency in t direction, f; ¢/d

-60

40 20 0 20 40
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Fig. 6.16 Calculated luminous contrast of workpiece D
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Fig. 6.17 Result of Gabor transform on simulated luminance distribution of workpiece D
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6.4.4 I E QR

6.12(N/R L7 E OB A OFFREAERIC 2 e 7 — V) =Bz H L, Z2H
Moy b7 A MEFR L. 6.18 IZfF DM N7 A MOSAi A RT. I L
C OFFEAER L RIS, s fiFmoL12.5c/d DESICHBHE N E— RNR 5N, 1 b
DOEDVIZHIEL TS EZEZBND. fi=-125¢cd, fi=75cdIZBNTar 7 AL
C=071THYV, 621 Hi THAIMREERZHET 2 DICBEa T X b & Ell> T
HZEND, UHIBANHEE TE LI LE2AMTELLEE X 5.

6.19 1, HR—NVEBOFERE LN |G(s,t)| DAz RT. RRK@2)I T 7~
B, M 6120 L7ciEk | OBESMAZHET 5. £/, RR(b)ICIX, Eik2, 30K
WRF = Z O TRBRICHEE S 2 it R LR — Vi E B 2 > iR bRT. FX()
IZBWTHEHBEND |G(s, )| ODHARITIERT 5 &, ERHBAIRE WIS & /NS WS
SIDIVTUN D IR 2 VRS 1, B S0 A 1 38\ N OB 23 PRI R O A0 LA S LT
HEBZHND. LIeido T, BESMIZHALND XD RAY)— SN, HR—/VEHORER
WZbHhohdEFERD.
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Fig. 6.18 Calculated luminous contrast of workpiece E, area 1
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Fig. 6.19 Result of Gabor transform on simulated luminance distribution of workpiece E

122

Luminance L cd/m?

Luminance L cd/m?

Luminance L cd/m?



6.4.5 3FEFEOMIEORENTIERO LS

#6312, MTHEC, D, EDZEM=a L b7 A MNOFREFERLE, HR—IEROMERIC
BUIFD |G(s,t)| OEIEEDOHEMEEZLUTICEEDS.

) — 72 UIHIERR A2 SO T C =2 T A MIK 0.6 THLHDIZK L, RE—7228)H|
Rk %2 &N T D TiEA 0.4~0.7, T E Ti3# 0.6~0.7 TH Y, C OFEMEND, E
D 80~150% T 5. HR—NVEMTHRLILE |G(s,t)| OEAREZ BT 5 &, C DOFHER
RIID, ED20~30%TH5H. LI=n->T, MLED, EIZURXTCHRE—-THLHILEE
BIICERT 92T, 27—V =B HBICE 22l a sy IR MEHETD LD LY
R—VEBE WD FREFTREN. KoT, AR—IVEBROFN, H—eUIHIEE & %)
— RO EZ B LT WVWEF R D.

Table 6.3 Calculated contrast and P-V values of |G(s,t)| of workpieces C, D and E

Workpiece | Area number Contrast C at spatial frequency | P-V value of
number equivalent to feed per tooth |G(s,t)| cd/m?
0.59
1 36.6
at fo = -12.5¢/d, f; = 10c/d
0.58
C 2 25.1
at fo = -12.5¢/d, f; = 10c/d
0.62
3 54.7
at fo = -12.5¢/d, f; = 10c/d
1 0.48
148.8
(Containing cusp gap) at fo= 12.5c¢/d, fr = 25¢c/d
2 0.70
D 168.8
(Not containing cusp gap) | at f = =12.5¢/d, f; = 0c/d
3 0.43
o 131.5
(Containing cusp gap) at f; = -12.5c¢/d, fp = 2.5¢c/d
0.71
1 140.8
at fy= -12.5c¢/d, fp = 7.5c/d
0.58
2 148.3
at fy= -12.5c¢/d, fp = 7.5c/d
E
0.69
3 175.7
at fo= -12.5¢/d, fr = 7.5¢c/d
0.60
4 167.2
at fo= -12.5¢/d, fr = 7.5¢c/d
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LNk, R— L RIVZHAWINTERICL Y, W72 EZ S L
&, B E 7 IIMERN 22 BER O 72 OIS AR —IZ i % 5 UIHIERR 2 & D00 T 2 & Ui
itz RETEHEONZTERERIZLLTO®@mY Ths.

1) ERMZRER O DICAE)—RUEREREZ b O LE T, AT RICThEH 5
oy LN Oy 8T A FOFERERICEN S BV, TR VEBORER
T, TN D DI OFERE RN 340 & RO N A LT, Thod HE
4y L BENESS B T D &, AR —VEBROFERTOEEKAEDET, a0 8T A FDE
L0 HINEhotz. 2L, TR—=VEHROFERTIE, Thod DE455 O FEEREDH
MOARYE) XM ERIHTE 7. LR T, IAR—NVEBROMEEZIEFILT 572 L
OFETIEEHANL T IUE, TR — VAR E VTR R BRI X 2 YIHIEE DO R
—IEZEEMICHATELZEEZ2 01 5.

2) MR ER O DAY — 2 UHIEREE L O Ll CiE, MESMICA SN ARY
— X EERRDER D T R —NVEBROFERIC b A DT, LIz > T, AR —NEfsH
WTTSRA 2 BRI L A UHIBAE O AR — S 2T L E2xHN5.

3) B)—7p, ETEAE)-RUEERROZEIZOWT, EHiy= s M7 A FOFEERE, U
N VEBRDRER TORIRAEZ I LIZRER, TR — VAR TOEN AR E 9o
7o LI o THR—NVEHE VL HETZEMP=a s b T A MEFtET 2 HIEICH
N, UHIEBROY) — S ER—SOEERE LT WEF X 5.
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1 8%

2.4 i Tl A~ GIHIIN T 2 AW BRI 7 o — PR TR O3 A FOEE
% Table A.1~A.15 [Z7R§. & H1 T Positive DHICH 5 =2 A > MIHENRHEDCHBTH Y,
Negative DHIZH D 2 A > MIFEMNREEDOBEB TH 5. F7- Neutral DML, BEDH
ENENRPS TP TN T DaA 8 ThDH. AL MET R THABETENNT
BY, EHEDPIGEITR L.

Table A.1 Comments for sample No. 1
Neutral 75 < 720 Not bad.

Negative | Btfsf Steps are visible.

Negative | AV .2 % Stripes are visible.

Negative | £ A 2\ Many horizontal stripes.

Table A.2 Comments for sample No. 2

Negative | AV .2 % Stripes are visible.

Negative | ¥J— L %72\ Not uniform.

Negative | BEIZA23 N> T2 Stripes exist in horizontal direction.

Negative | UJHI~— 7 Of[& ¥ — Intervals of cutter marks are not uniform.
Negative | AHIHIZRZF o7 (L 972K L ?) Irregular. Looks like rubbed?
Negative | AV .2 % Stripes are visible.

Table A.3 Comments for sample No. 3

Neutral & & I BIRIZZ > T 5 Pattern is apparent.
Negative | & & HHV Not comfortable.
Negative | fif (?) #EA3KZ V> Thick vertical stripes.
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Table A.4 Comments for sample No. 4

Negative | /NAD3727280 2.2 % Cutting paths look slanted.
Neutral FRODATNELZ D slanted stripes are visible.
Negative | AT H &UTY23H > Apparent stripes and iridescence.
Negative 'Y Chatter vibration.
Negative B — REVY Looks like beat vibration.
Negative | O"NOMY o E U Looks like chatter vibration.
Negative | AL TV % Looks twisted.
Negative | & BV, 727281279 U Rough. Slanted stripes.
Negative | &t A Slated.
Negative | M1 LHRFOIRE) - TEHORMET, 2RV DOLIREDONRHZD
Something like waviness caused by cutting vibration or tool.
Negative | BWEE L7V =271 6RAVNMNBS A E L
Stripes looks apparent compared to preferable workpieces.
Negative | Hl I 2EWZIT TR LGIFIHE A 7272 DIT > TV 5
Not only rough but cutting surface is slanted.
Negative | BAERD B~ F 23 K& U537 5 Interval of horizontal stripes seems larger.
Negative | I 9 > T% Waviness.
Negative | 7272 DDA FL.x % Slanted stripes are visible.
Table A.5 Comments for sample No. 5
Positive v 7 & SRV X — Pick feed is a little large, but surface is uniform.
Positive ¥J— Uniform.
Positive HMNEA->THXMNT 5 Pattern seems constant.
Positive T U —. KIZ7/2 572\ Stripes are uniform and not annoying.
Table A.6 Comments for sample No. 6
Negative 'Y Chatter vibration.
Negative | i 9 J7[W] Different direction.
Negative | U~ — 7 D&~ — Intervals of cutter marks are not uniform.
Negative | /A 2 — Noisy.
Negative | &7 723% % Not uniform.

129



Table A.7 Comments for sample No. 7

Negative | B>y 7 D95 AZHMNH X% Periodic pattern caused by pick feed.

Negative wH T4 % Suface changes from some area.

Negative | AV .2 % Stripes are visible.

Negative | 23A TS #r23A-STU 5 Surface looks distorted and has stripes.

Table A.8 Comments for sample No. 8

Negative | A~ AV Not uniform.

Positive M@ 23— Uniform.

Negative | UlHI~— 7 OfIfEH~)— Intervals of cutter marks are not uniform.

Positive LW ERE LT, ELL AR

It reglects illumination light most and looks beautiful.

Negative | "> T % Chatter vibration.

Negative | BEF MO VRN L2 5 Strong stripes in horiozontal direction.

Table A.9 Comments for sample No. 9

Negative | £72512/R.%2 5 Looks mottled.

Negative | A IXV) Many stripes.

Negative | #llZ2 U F EET£4 Cutting marks are fine but it looks iridescent.

Table A.10  Comments for sample No. 10

Positive /NA D3] Cutting path looks uniform.

Neutral 2 2 I HARIZZ2 > T % Pattern is apparent.

Positive (B ro & ARAHAARAY) HBATBMMNLS Yo LT

(Irregular stripes.) Fine cutter marks and smooth surface.

Positive — TR 22 ) T A > TV A Most uniform cut surface.

Positive YD I 257 23720 Uniform light reflection.

Positive Fi{A 7 Less horizontal stripes.
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Table A.11 Comments for sample No. 11

Positive I 23 Z 7LV Nice surface.

Positive AYDNHSNLTZ 72\ Stripes are not apparent.

Positive (Bro R RBAIGRAY) BATRHN Y ILoE LTND

(Irregular stripes.) Fine cutter marks and smooth surface.

Positive &Y 7 IE LV Regular.

Positive &4 OK 721 Okay for clients.

Positive #M7>X Fine marks.

Positive 72 552 E Smooth.

Positive 720 5% Smooth and uniform.

Table A.12 Comments for sample No. 12

Negative | #l\» Rough.

Positive ¥J— Uniform.

Negative | B>y 27 D95 AZHAD R X% Cutting marks are visible.

Positive BNEA>THKMNT 5D Seemingly uniform pattern.

Negative | KZ WM< OFEN R %2 5 Stripes in large interval.

Negative | & 51> Rough.

Table A.13 Comments for sample No. 13

Positive (DAY BE—TIWT E) Hlgg—. #b it s
(Even though cutter marks are not uniform) both vertical and horizontal patterns are

relatively uniform.

Negative | At 7 ? Flat cutting?

Positive (Bro R RHAIGRAY) BATRHNL Yo LTWD

(Irregular stripes.) Fine cutter marks and smooth surface.

Table A.14 Comments for sample No. 14

Negative | ~€ AV Not uniform.

Negative | &iLME Messy.
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Table A.15 Comments for sample No. 15

Positive HESZEAWBR LD HE LTEIRW
Nice surface, even though it has a little irregularities.
Positive JEIRDS LW Nicely glossy.
Positive H2Z% A>T % Cutter marks seem uniform.
Positive BT —F& A 2 72\ Least iridescent.
Positive ¥J— Uniform.
Positive H 23HEVY Fine cutter marks.
Positive BEROE y FH/NE L, ADF L X < B3B)E
Interval of horizontal stripes is the smallest, and uniformly iridescent.
Positive W72 < A Z % Seemingly flat.
Positive 1 HIZ ATz & EIZHIZ A - TE 72 Conspicuous when seen from a distance.
Positive 729 577 & Smooth.
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