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Feature Extraction and Distinction for Colors using Spectral Reflectance Information

Yoichi Kacevamat, Makoto Nisuipat and Yoshiaki Konawvaft

Abstract

This paper analyzes spectral reflectance information in order to understand color features.
Twenty-three-color image data are taken by using a monochrome CCD (Charge Coupled Device)
camera through three filters: X, Y and Z filters on condition that the range of illumination is
10001x to 110001x at every 1000lx, and that a lens opening is eight types. Digital number (lumi-
nous intensity) in image data is much related to both brilliance and illumination at data acqui-
sition. The relation between spectral reflectance information and brilliance will help extract
the difference of colors. Based on the measurements and the resulting relations, we propose a
color distinction approach due to fuzzy reasoning. The reliability of the proposed approach is
demonstrated in an experiment using the color image data that taken in a XYZ space.

Key Words : color, spectral reflectance information, brilliance, illumination, fuzzy reasoning,

XYZ space

1. JUBHIC

FroHg 29komid, tE» S oRERE (B »
AR TR L e TH 5o PIAD 5 O REBEIZIBIASE
EINAE D, BIPAKEIELT 2 EHERICANT 21(E
SHET B,

—F, AEOEHBERIMEORZFA2 - FEILRFELED LT
bH5—avRyvy— (BEEHR OREEFELTVWE®Y,
Fabb, BMIEAZKESTLLTOMEDORZFTRAZSENL
i, Tx ARG ERRABEOREMNET A LN TE
%, OEHRERERE LS YR EARE ST 2EERERT
b0, HEERHLETHBY, LrLEks, #lAE, B4
HEOHRBEFTHELALT - 2 2FCHVES, 7 —
s BB O R, Hulsk, BB X UEEIS S Ic I KELEE D
B p 720, HillT 20ZORBREOREIRETH L 0H
BikTh 2, ok, BILUETE -5 OFEREICE -
TRERZOEFHS BT LbEINBE, InnWikie
BT AERD DI - TV B,

Z I TAME T, B ZBEKETIE s N DkofmE
HWOHBAEHKE L, CCD (Charge Coupled Device) # 4
5EX, Y, Z7avs ik BRNTIE s N REEERH
RV, BOBTIHMIOVTREAEMA L, & SIHRY

SRR 124E 11 H 28 HZAF
* KHREL¥ER LT ERLEH
T010-8502 FKEATFHEEENTI-1
*x HAEHEE v 2 7 2 5kAakt
T180-0013 HEESEMEFTFEAIRL-6-26
t Department of Computer Science and Engineering, Faculty of Engineer-
ing and Resource Science, Akita Univ., 1-1 Tegata-Gakuen, Akita
010-8502, Japan
t + Nippon Telecommunications System Co., Ltd. 1-6-26, Nishikubo,
Musashino, Tokyo 180-0013 Japan
E-mail : kageyama@ie.akita-u.ac.jp

EQuLzjuacs 5

OHZ S ERTHEEELT, FVINARy b A—F -tk D
s cEEIcER L, REEEEHREEEEHV7 » Vg
RICK BHBHBEICODVWT OB EMA O THET 5,

2. BUTNF—IBELIUVEEZRT—YOWIE

2.1 o7 isE—4%

iR e R TN RDENZ &, BB F -5 RS
BTHOPHHABLORRIERBRT -5 L LTiIshsT e
BH B, FEESEOHRIRIRETH LY, £ I TRMHET
3, REMNCER L2238 (v Ty ¥V Y s HMBLUKS
hroBkan s A EHEOERE EL - -FK--fkx-F) OF
YINTF—5EAFT=TY vy (27 B PM-5000C) %
HoTHAL, Bfriclvwi, ¥ v 7rF— 7 oFfER 1«
Reo BH, fEkLIcT—4 D5 b, cyan (7 V), magenta
(=¥ v %), yellow (#), white(H), black (), redl GR),
greenl (B0, bluel (F) O 8AEFHESEE Lz, £/, white,
grayl, gray2, gray3, black® 5% EREBELD, redl~red
5 @ 5th %6 R EIR, greenl~greend ® 5 %[GR AR, blue
1~blued @ 5 BAE[EFREF L L, BTET- 7,

2.2 BEBEF—5SOWBE

ETOBRIBEEHORAL 2HAMYBEATRAT I LI
bEksh, Ihid B0 3@E] LFEENE®, LaL, CIE
(EEEEARES) OEY 7 RGB ReR T, 3 FEEOER]
#H R, G B O AEFEBELTLEHELLAVELD %,
ZIT, FEECEOEARD S LIk oo 3Lk EEIc
BALS®TWA, LipLAHS, FIEEsEECLVAKE S
&R, FHREETARCEY EEURERRE L5,

—H, XYZERBRTHR, HBEESPLTERLLTSLIICR
G, BT 3 RENAZX, Y, ZEEDTVE, &5iT, Y
FEHRRER I —K L Twd ey, XYZ R ORIERNT
H 5,

$13% FE25 (20006£12H)



Akita University

IRGDEE AR & 5 EiFH O R R & Bl i

Table 1 Sample data for twenty-three colors.

Color Red Green Blue Hue Saturation Intensity
cyan cyan 0 255 255 180 255
magenta magenta 255 0 255 300 255
yellow vellow 255 255 0 60 255
white 255 255 255 - -
grayl 128 128 128 - -
sg(::Iye gray?2 192 192 192 - -
gray3 64 64 64 - -
black 0 0 0] ~ ~
red1 255 0 0 0 255
similar  red2? 255 128 128 0 255
shade of red3 128 0 0 0 255
red red4 255 64 64 0 255
redb 192 0 0 0 255
greenl 0 255 0 120 255
similar green2 128 255 128 120 255
shade of green3 0 128 0 120 255
green green4 64 255 64 120 255
greenb 0 192 0 120 255
bluel 0 0 255 240 255
similar  blue2 128 128 255 240 255
shade of blue3 0 0 128 240 255
blue blued 64 64 255 240 255
blueb 0 0 192 240 255
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Figure 1 Camera system to obtain image data.
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(a) Relation between the digital number in image data
and the brilliance.
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(b) Relation between the digital number in image data
and the illumination.

Figure 2 Relation between the digital number and the

brilliance or illumination for sample data,

“greenl” that obtained by using an X filter.
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(a) Measurements using a lens opening of F2.8.
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(b) Measurements using a lens opening of F32.

Figure 3 Relation between the digital number and the
brilliance for similar shade of red that obtained
by using an X filter.

F£13% E25 (2000F128)



Akita University

REMEE IR I & 5 EER O & #15] 79

4 TP HRERVIEOHR

4 1 BHA7IITUZXA

WSO B2 2 RIETIE s Nl BRI, BIHRE
PDEFNEENAEZEINTVECO, FIZIT, AP TWMEL
f g7 — 7 SHIR Lo O AT L T 720, H
kB8 S, $RRBIEICLZEFNEOEHROMEES L,
S L SIEHSEREMH LTV EEESE0,

Z ZTARETE, Bigr-shicEEh 288N EE [
WEWLE] EER, BEMCELT AHBEZERE R <7 b
WVEMZERLED (7> Y+ K& ERAL, 77 Y4 mO K
& BEOHBIEIT - T,

AR THEET A, SERHOoEEF -4 (X, Y, 2)
AHAELEII LN L - TRTIENTES, £IT, H—
SHTTERE L XER, YH®G, ZEHGE1 €y - OFET—
yERITL, BTV, 515, X8Ry () 0L x%
ATIREE LOEERZEL, MEERIEEOT -5 2/,
BHBNEFTS 2 v oi— vy TSGR 257 — 5 8D B
AR U o BB F — 5 OB 2K 5 iR 9,

redl f2.8-2

i greenl f2.8-2

P biuel f2.8-z
cyan_f2.8-z

——magenta f2.8-z

Digital number

| ———yellow f2.8-z
e white_f2.8-z
~~~~~ black f2.8-z

0 500 1000 1500 2000 2500

B[illiance(cd/rmz)

(a) Measurements using a Z filter.

250
200 - ——redl f28-x
S ——greenl f2.8-x
€ 150 —bluel 2.8«
2 cyan_f2.8-x
w® ——magenta_f2.8-x
.:g" 100 . ———vyellow_f2.8-x
e —— white f2.8-x
50 - black_f2.8-x
0
0 500 1000 1500

Brilliance (cd/ i)

(b) Measurements using an X filter.

Figure 4 Relation between the digital number and the
brilliance for main eight colors that obtained
by using a lens opening of F2.8.
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Figure 5 An example for extracting supervised data.
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Table 2 Distinction results for main eight colors with the proposed approach.

red green blue cyan magenta yellow  white black average
F2.38 99.1 99.9 99.3 985 955 99.3 97.5 974 98.3
F4 97.7 99.8 98.7 98.0 89.6 99.5 98.8 98.0 97.5
F5.6 953 979 95.6 994 92.6 98.8 98.2 933 96.4
F8 96.0 96.7 92.7 98.3 91.4 98.6 97.5 87.7 949
F11 93.4 91.9 894 96.1 86.8 96.0 96.5 73.2 90.4

F16 85.5 80.0 856.5 89.4
F22 727 61.8 .1 63.5
F32 48.5 36.4 66.2 49.1

80.8 93.3 94.0 508 824
62.1 84.0 76.1 26.7 64.8
414 67.8 54.6 14.6 473
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Table 3 Distinction results for group of gray scale with
the proposed approach.

white grayl gray2 gray3 black  Average
F2.8 99.5 99.0 95.7 98.7 100.0 98.6
F4 993 96.9 946 99.0 298 98.0
F5.6 93.6 939 814 974 98.3 95.0
F8 91.5 87.1 85.9 87.0 80.9 88.5
Fi1 86.1 67.1 74.6 65.4 78.8 744
Fi6 718 52.1 60.4 436 64.3 59.6
F22 69.3 30.1 455 15.4 46.2 413
F32 63.1 28.5 26.5 13.7 420 348

(%)

Table 4 Distinction results for similar shade of red with
the proposed approach.

redi red2 red3 red4 red5  Average

F2.8 98.0 100.0 98.8 99.9 975 98.8

F4 978 99.3 98.1 98.5 94.4 97.6

F5.6 94.4 97.4 92.5 858 91.0 94.2
F8 89.3 97.3 86.1 94.0 76.0 88.5

F11 79.4 92.0 79.4 77.9 56.9 771
Fi6 619 82.7 62.6 62.4 396 61.8
F22 58.4 65.9 433 408 26.3 46.9
F32 54.3 48.9 31.2 25.3 14.3 34.8
(%)
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Table 5 Distinction results for similar shade of green with
the proposed approach.

greenl green2 green3 greend green5 Average
F2.8 82.1 954 945 76.9 90.2 87.8
F4 744 94.1 89.5 740 86.4 83.7
F5.6 70.5 915 78.6 59.5 745 74.9
F8 50.5 86.7 670 50.5 60.0 62.9
F11 434 79.2 50.8 39.7 51.8 53.0
F16 29.7 55.9 29.4 323 425 38.0
F22 243 56.5 183 20.7 289 29.9
F32 337 29.6 145 149 211 22.8

(%)

Table 6 Distinction results for similar shade of blue with
the proposed approach.

bluel blue2 blue3 blued blue5 Average

F2.8 87.5 89.0 943 99.3 81.4 92.3
F4 84.9 96.2 89.8 97.8 83.3 90.4
F5.6 79.9 97.6 87.0 80.9 79.2 86.9
F8 69.6 96.9 70.5 95.5 62.9 79.1
F11 67.8 92.2 53.6 80.8 63.5 716
Fi6 56.3 91.0 39.7 740 62.0 64.6
F22 259 84.1 213 56.6 62.3 51.3
F32 19.7 815 19.0 318 55.7 415
(%)
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