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Abstract

An Evolutionary Fuzzy Classifier with
Adaptive Ellipsoids(AEFC) algorithm capable
discriminating among various disc including
CD-DA / CD-ROM, CD-R / CD-RW, DVDS5 /
DVD*R, DVD* RW, DVD9 / DVDER Dual,
SACD is used to identify disc type in optical
drive with vehicle. This fuzzy classifier using
multiple ellipsoids approximating decision
regions for classification is designed. This AEFC
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optical disc discrimination system relies on the
physical properties of the reflecting layer of an
optical disc, only using a DVD photo diode
outputs, to discriminate among several disc types.
Time Interval and RF signal and Focus Error data
from DVD laser is provide as three inputs to a
eighth adaptive ellipsoids fuzzy rules which
outputs a disc type.

Keywords: Car DVD, Fuzzy classifier, Disc
discrimination, Genetic algorithm, Pattern
Recognition.

1.9 3%

LR AT
1984 # Lgp 27 4
£k B B
@@m@ s
Mo KRR R
daﬁﬂ, Mgﬁﬁx@
F1CD #eBe £ feig ¥ ’%ﬁfkiﬁﬁ#i
{33 B DVD4cRom ¥ % DVD #%
B WA 54 DVD #THL 0t B
ﬁ@Tﬁ?%&CDM%\mDi%ﬁ°ﬂ“

mw
m
i
it
&
E:
st

ﬁ?’l
ﬂ“" B

¥ ‘%‘1 bl «\

Y

¢
=
=

TR iy,
age ; $
0

S
o
N

..C_.

<

F
e
i

(w

-

|

N

AR AN
FofF AR gTR AL P Rt e AR e mE R
T AE S RGE TR E ~ PEad ﬂﬁ%ﬁ
#%%:‘_Fp%‘f o

ik 7 uﬁs"\‘ & JJ “-"L»K;H;j LD EEC%’-/::\

R 0 E MBS EE AR P e all]
P47 RFUBLEEF LB RTTHE
CEREL T3S AR R
- LG v R S R

2008 International Conference on Advanced Information Technologies (AIT)


mailto:ltyao@ntut.edu.tw

2008 FFiv FHBFEFELE v B

=

B VAT A RAL S RN s (e B3k gk
¥rRW 38 » 2 g w24 &% F 11%
ﬁtr [2]i%36 CD £ DVD #LiE b > i3 & &
- FRMESTE L 2 SEE A R F ok 2| J’iﬁ-‘#
mﬁ*? C A BEAE R FIL R ko Fea # 1 M
ERAGEL A Y F i ljwrai“{%ﬁ“ CD
£ 2 DVD » @ 5E DVD : SEAEATEE -
[3][4]4:\ 4% RF :BLF 64527 FE *fa%{"
CURVE #c & %7 DVD % H & & &Lé]
#4 CD¥2 DVD #F1ER % F > % {7 Equ'od
2o Rk TEINFTHEEREE F od EREBE
5}3-1(”75&%&% [ ARG AN - 3 ll__%"\.h~‘ is
#iE TE M ELIR g &k 2 W38 5 DVD-RAM &
4 _DVD+RW - [6]R]4]* Central Error(CE)3t
Bohkoyekag? i R ROM 5\ egg>t 7
{A@BBB’;“FK A3 CEE » 11Uk T 7%
Fh o [TIH L84 2R 2 k]
gorue o H A N fh 4 ek 3 ANFIS 20 3068 3
WA 5 b > dk o ATeh A% First-Order
Sugeno FIS system i 1 ¥ 17 - 4p 4 a4 H2

o TR 22w CD ¢ DVD § 5
B TRUE VIR - =l SR KR R LR

Fh T AR > DVDS DVD R £
DVD+ RW 4 i R PR

PR PN E]’W/;gm (Pattern Recognition)
TR RPEAB I LA o BRI A& F
%‘g d A 7 4L (prototype data) s i 1350 #-H
BROR S 2 A R TR ST B
B kA - KA p R F A s s (class) o
A Y E T fé#‘ﬁ;;lr ] I ‘,,ljg,] r ?1]
“i@},@‘f“z‘_#?ﬂ” Wi~ s st
BRSPS Y2 Y R AL R0
PRSP R 2 &
I AT s ;Fi Faoypkagt d L f
KAl e

2.3 % kg 8 R AL i

w“fﬁiﬁ%ﬁwwpfmﬂ&ﬁé

];;,r’]#%« “"?ﬁ‘ufé‘k‘ﬁ ;}-{_‘r j\‘j
st_l_leF-E’f\,@; N f‘ﬁ”nx PRE=H] o T é‘?i‘
ke o € TﬂHWM ERAE IR A Frnrn,J

T Bk RIERF DA RERIF 24
KR PIREEr L CERERIE - ATEELL 3 -
%o~ »j}ﬂv’bfj’?f] i ch{:‘L“_ﬁ&% NN T
’*Z}bm‘]”‘"é o A& e jE 2 eh I g5 A
R P RS T ?T;T;Q Threshold »
B A S5 CD s ¢ %4z RF Signal

Level riv & 3 & 8+ > 2|7 5 ROM &3
sV 4p F e 4238 RF Signal Level B g % 4 i<
F st A g 5 RWk#h # #3535 @ RF Signal
numbers P& %%’{m L#ciE o A ZMEFER A

4 @ 2 F | o A S-curve numbers P E_Focus
Error 426 i+ § Threshold PE o LB et ficiE o
s FRLAANE T AL A A A0 B 12 4
4| % CD-DA ¥2 DVD5 ) & prerit 87 7 B e

1
| Threshold 1
| ! Peak
RF Signal — |\ :
| -
I Threshold +
Focus .
Error % Amplitude
l oy
e
Time Interval

® 1 CD-DA #] ¥ ;A 5L7% X B

Threshold
I
m T Peak
RF Signal | |
I

|Threshold
Focus
Tlme Interval

W 2 DVD5 | ¥ 3 5.7 & W

TG «’—gxb%gﬂﬁ&?&{% *ow Ak
» #8_RF Signal ¥ Focus Error 2t 5.
EE

4 HELEL o

ROPE
] d oo A\%@,PJE?mA B~-C-D 4~
Zkﬁﬁ%mﬁ e ApE M A
R R E R B TN HE o B A
RRRIRAEE PR R D o g A
Signal 2 Focus Error :1%% - B 3 5 RF
£ Focus Error 2L 8.2 2 71 3. B °

2R
Si gnal

2008 International Conference on Advanced Information Technologies (AIT)



2008 Fit A E B EFES E

L~
Optical Head EI
Foc“s Dl'ive f

Focus Exror —«‘__,\/b—\N

SL Disc
o —= = Threshold Level
RF DL LEVEL

RF SL LEVEL

RFref LEVEL
ov

¥ 3 RF Signal & Focus Error 35L& # 57
LW

DL Disc

OPTICAI
= DISK
! = 1
OPTICAL
5 QUANTITY
SPINDLE SIGNAL PEAK
MOTOR
SERVO MICROCOMPUTER
CONTROLLER
W4 —aX] P kIR
d BlA47 4, P kBN T2 w

— B[RS E A - R g 4 WHR-CD & DVD
TEPRB AL ThRFTAKRBES Vo HiEE G
B FAE > B0 FA SUEE S Bl
KR PR kT o BT R B e ez 14
FIOHR R B EIER BRI R Glde o R
H- Bk EF g fx DVD § &4k > T4
TAI BB REFEEE o d v s kKRR BREK
FosEL2 (5 VR IHcR 1 Bl 235 B
Time Interval >®] 1 <2 Time Interval » B4 7+ &
CD #5% > % Time Interval<m] 2 2 Time Interval
i DVD 58 s 2 8 ¥ L;:«frPeak BEE S
ﬁpamPeak BN AT A BE MWL
ROM fé FodpE Bl A RW #5835 ™ % S-curve
EHLAGE ST C ALY
Scurve,alpi?"r’ H KR ,12%" E"%
Bt gEde o 14 S-curve #c#? RF signal #i k
Qwﬂgﬁ¥;ﬁﬁ@ﬁ{@pﬁmD 2%
pe i Tl N X SR L‘féwﬁ“axﬁ
MEFEDFERELZH) P IEE B ARE

FRAEA 2 > d 3 A ’%ﬁf\eﬁ“??{?ﬂﬁ_mﬂ* » X
FOA 45 28 (Trial and Error) » % R ff 5
Beiewm AR E lkiE > 2T oG F’IL Wﬁg’f
SA DB LRI € B RPN DR 5
#3 2 F Loader #ri¢g * ik g Bogfs 7 -
B FHE AR RN EHRRAFEDFRLREE
25 L RE P B T gt 0 BtRk- k3 e
?T:P'\ m'ﬁig\ﬂ\'frflﬂif’“”\ﬁi s il
BB E o FlM AT TR - BB X
Boo RfEA AR RRL o TR AR O G R
R A~ SR > AR I, A7 &7 By
Bt -

3. i AP AL Hok A 4T

PREFFHEEP AR FE REAL &
F -3 F)iw & 2 22 Gustafson-Kessel Algorithm
(GKA) & » 3 f FI3¢ pr 2/ ¥ 3% s
DEAE A R SRR S S TEX =
w232 o

3.1 Gustafson-Kessel Algorithm (GKA)

G-K /% & ;# [8] #_ Gustafson % Kessel % 7
B HF A Fa‘}g:zﬁ’?»}*am“rl%ﬂﬁ’ﬁ 1§
BMEFERRE- KW FCM i &2 #1341 o
G-K b i:ie 1 FCM iF &2 crdd 2> ¥ ix
B TR ERT F AR AR - G-KIF
¥ HEr i B EER R 5 Mahalanobis
B Flt AR S TR A FE T
Gmm g E oo
G-K i & i% ) B4 ™
(L) A= 4 i F% B R k Sz R AT ER
k=12, N E 2 R IP 1<c<N > H 4
Bipdie m>1 > B L FFFLe>0 0 A2

9%%@r@u@emmo

QEAFRET BT 1=12,.

HF- P EHERRTI0E I 55(L)
P

N

m

& Uik %
ViTTN - 1)

& Vi)

BB PR R LELF 2 el

2008 International Conference on Advanced Information Technologies (AIT)



2008 FFiv FHBFEFELE v B

Al 2@ Q)R
Z(uik)m(xk _Vi)(xk _Vi)T
F =X .y m>1 (2
Z(uik)m
k=1
A =[p; det(F; )" Fi_l 3

HFZ P EERS R
* @)@

FR IR © ]

Di,y = (% =)' A (% —V,) @)
H e L LA HEL DR
Dy, >0forl<k<N - {17 $(5) %17 5 k @
P Jf AE I BERAFBEE > A4 LA

%“E@°'&%I%A—th.ﬁuzs%,aqa

Uy =12 u, =0, Vizs

Uy = 2 (5)
k=1 D ikA;
IR TICMTIC P ®

32 ATFEE 2

o G-K B RIS Y R A
’/{E'Ki » Ao & i \:1%3\‘]"’T ’W’?f%q/}?t > o ;(\‘(3)
o A Riip B T ED R AAEL
Q‘*ér],ﬁ_ﬁ,}“r-ﬁé‘f”m;j}{p (R
ﬂﬂ—‘fjmp 'E%)\GK(%?-,-T/Z,", ]—)AIJ,_E'
WoigsiEm ‘f»AI %‘F”‘f—mﬁ‘ﬁ:rﬁ" ¥ 4Bt P 2 ¥4
et Ay o d ST R ZISTR A FTAALT % -
@ﬁﬁwﬁﬁ’*ﬂﬁiﬁﬁwﬁﬁﬂm%
L EE RS CEURRE P LA
AL Lt SR SE

el

9%

A

e=min(ec+/1.zn:1£[sik) (7

i=1 k=1

“‘ (O P‘ G-K /:ﬂ\’-ﬁ = E] ? 3:43 E"’/”ﬁlﬁ‘]q}%ﬁﬁ&
%ﬁ%‘@l B# AG- BRI e AT AR

T AL rbméﬁ'ﬁﬁﬁ%%%

oo By év’v-)b,F?Jgr“f :

(D)d= 41t o3 » 2] 58 % oot & pen N B
RAIFTAE X 0 & «L%;%zﬁ;:p l<c<N 4

ﬁ%&igﬁ:cm>1u% FEFEEEe>0 A
i»a%@rgu@emm

(2) A Flit Pl erd= 1t > SEH A A p, (8 100
F%#Jiﬁ’ﬁf’ 32”7";?‘%11‘"68"}:?%')"
—41'4’?-’#50% CHRAFINLCRE S8 -

(B) » o F R E % e%%‘“#’?lﬁl“@i
A#HZEY 22V R MR o
S g L PhpE S A o

@1* (BT ST+ %4 o i
ﬁlﬁﬁ PN I

B)E= £ 4~ e~ REEFERUTH
i BT 0 A2 ATENA S AY o

B)iF &2 AT e T A BPlk
T BT T - H}E};F ; E R “re«-}b,‘???,

UETS G XR T3y BT
2N BRIFHED o

33 i RALFTA R A B

415 — cluster #r3k HoR 2 Bl 40T o
R, If X, is® ,then y, isclass p

O, & HoAs i 8 & pj—th
plo» j=liop,p=l.c - * * A =
N -dimensional 4 #c 2 B ¢ it ¥ % 8B
(decision region) » @ fs 2 38| & £ class label -
BB RREY o d [9-11]4-5 — if-then enficks

HPl o s E R AR TR Y
two-dimensional i Z] 3L &k 4 % ¢
FRAFAREX AR 0 AT E

X, teWrFlE e+ enpedg > H 2505
2 2

Ay =ka _Sgij €))
B ES PR By TS R

CEE T SRR S VR | B

(é:pj _ij)T Api (épj _ij) =lhk 2 aRIAFTH

BoX ¥ oW RO 2 R a4

dxv = (Xk _ij)T Apj (Xk _ij) (9)

2008 International Conference on Advanced Information Technologies (AIT)



2008 FFiv FHBFEFELE v B

§ bW e R 2 TR B X R4
BRI RT - AT e

B F T AN EE N RAFTHEX S
@%ﬁﬁ%ﬁ&:
% d><v<1

ALY
Mm M e Y i

% dxv>1 ’

.
_ o evg) Ay —vy)
P T
20/ (% V)" Ay (% ) =1
s @b M B R kT 2 %

kpj —
DR

TALEE X, T2 B

(11)

4, 5B k32 R iF

d 307 ekt G iTiEMeA oo or
LAl 3 AP 0 AT A ,tAq\ﬁﬂr;féJo"If-
le#”w'%ﬁ AT 2 SR ITE AR
oo LR EfERE T T o

L1 LR B FEBP R

Disc CD-D |[CD-R |CD-R |DVD |DVD
specificati |A W Single |Dual
on CD-R
oM

Wavelengt|770-8 |770-83 |770-83 |635-65 [635-6
h(A) 30nm |Onm  |Onm  [Onm  |50nm
(reading)
Reflectivit| > 70{70% [20% |45~85 [18-30
y % % %
Track 16 1.6 um|1.6um|0.74 |0.74
pitch Hm am-am
Disc 1.2m |1.2mm |1.2mm |0.6mm |0.6m
thickness |mx1 |x1 x1 x2 mx2

zﬁilvﬁzﬁﬁiém@1k’é%ﬁ
AELGEF M2 80T PRDERF - 58

FH%EF CRF Signal 1+ /] "8 B o4 B A
CD-DA > CD-R > CD-RW - DVD-Single >
DVD-Dual &~ rxf 7 1 #-F b#7{8 3| 0 RF
Signal £ Focus Error & 5 & < A & o fic -

ST F s A2 R DVD

Tk (T L ELK Sen kR > Arx I CD-R
i CD-DA /) ix % » 2 1 & CD-RW Z % + »
il A< ¥ CD-R &2 CD-RW AR 5 - 387 -
# DVD %% » DVDXRW ¥ DVD Dual sF
BpAp iy o e EE-s PR G - e A EA
Z# T Dual en% - K @ oid S e A A
F1* S-curve gc% DVD Dual £ {74 # o @
SACD %4 » F] % # RF Signal numbers 7 7 &g
BHUTRE A A2 E R RF Slgnal
numbers #-v k{7 A5 o RS- A KB R
FlARTE S Fa8 0 5w 4F o

H Ao AN B?ﬁviziiiﬁ;ﬁrﬁﬁg?’wﬁ B4 i
M SEFHRASITE YT v/l?c v B fs &
VALEP BRAAEE TR A E D
o~ ’ﬁﬁifﬁ%ﬁfmﬁﬁﬁﬂéﬂme
Interval(u 5L d % & & I TR E HF @
) ~ Focus Error(4& +§ ) ~ RF Signal (B~ &) -
Ricd 3o FoTpRE 2 2 Akt i o CD-DA
22CD-ROM % % - #f » CD-R&2CD-RW i % =
% » DVD5 ~ DVD-ROM -~ DVD-R ~ DVD+R %
% = %7 > DVD-RW » DVD+RW 5 § v #f » $RB~
FiFc BaAACIELE 600 £ AL o % SV
Five-fold= ;¢ » 3 dimensions:E B~ H ¥ 51480 &
FRFREREFEZEY > 2NFTHEEG 2
Bagwnl o Y 8L BFT 120 £ § B
E’i FORIEE L F AT P F B g o P R
IxfE RETHE - fI* 8 BAAWFRRY
(hyperellipsoidal)) =13 %+ Type 2 GK ¥ R
Possibilistics] % » GAl FF 4 & 7[R 88 5k &2
7 gk en®) % > F * Type 2 GKM+GAzZ = 3 &
R * H¥rdatag? & B cluster? & cHEESE
Trffl i w 2 BhEE2 1 F 5] o b B 4]
AT EB clusterﬁﬁ?%}i A% 0 En RGKyHs
Foomu RS L 55N 2 8 3 e 4

]l:\ﬁ :&}g-' IF‘ ‘}' F ;L'Jg%i}r_ew ) 1 1 2, 3,4 ’
5T £ AR SR PR
’lif'(lz)),

RS@@:{l-(lﬂ;Jxlom%} (12)
Nian .

R RSYD P © ek f A B
ﬁ{& ’ N1a11 ) \—" %‘F‘ E"' ﬁt ’ i:1,2,3,4 ° -? 5&7
FE AT o

% 2 Type2 GKM+GA £ ¥ # ¢h GK #
2
3

2008 International Conference on Advanced Information Technologies (AIT)



2008 FFiv FHBFEFELE v B

Class | Class | Class | Class | All
1 2 3 4 data
2 I G ) =2 B e R =

Traini | 0 0 0 0 0
ng
Class | Class | Class | Class | All
1 2 3 4 data
RS% | RS% | RS% | RS% | RS%
Traini | 100 100 100 100 100
ng

G 27 1R Ao p i e IR R R
A AT B EE o R b F hdF 0 42T kT e
S CEEA PR R R S
PR E T o A 0 AT RG] Y

R £7 B bl -2 o

Disk judge
start
]

=2
Use 3
features for
Classifier

«pun DVD3
or DVD-ROM
D\DRclls

b/n :fiﬁ]

Report CD-R
or CD-RW
disk

W5 5k

or CD-ROM
disk

Report DVD
RW disk

—BA o T R4 R E R AR
RIEBE DVD £3¥ T &40 S EEd
TREEFPFLTHEY > BF L Time
Interval, RF Signal Peak, Focus Error Amplitude,
S-curve numbers, RF Signal numbers I &4 #
B o — B 4nd S-curve numbers £t 2 pF o B
i% i RF Signal numbers ¥ ¥ 12 4 DVD Dual &

SACD & %] It FEfEis - & & % ¥E8 P v I Retry
€ 37H % o ¥ S-curve number /) 3t &3 1 pF o

Ja«% RF Signal numbers 7 & & » & &3¢
IR S S T R Al
J Retry ‘é’—f‘r"J o A fhG iE ek d H L
ﬁﬁﬁ FATSE 21 AL f
PRI 4 Eﬁ’*“ﬁ‘lﬁppﬁ—\l‘mﬁ w®
:".;IL%*U’ ik E 2 IS o § v 3] Retry A&

W2 R A GRS S R UL e Sk
5o Bl ks e w R No Disc ki a8 » kgt

ﬁ& o

Bis 0 A2 #-AE BuE training 2 5k
AV pRz kgl st s f (Ftesting A 0 d A2
AP A R RURIGE 0 B - AR kgt R R
100 K plE 0 BE Ak 3o

£ 3 HPARFEHIESE
Disc AEFC
type (Correct disc / Total
disc)
CD-DA 100/100
CD-ROM
CD-R 100/100
CD-RW
DVD5 100/100
DVD-ROM
DVD*R
DVD = RW 100/100
DVD9 100/100
DVD % R Dual
SACD 100/100

dREET kR R L AL 0 A

SRRt @@wﬁmﬂwwﬂaﬁﬁﬁ
B h L o

Bl 6> i gkt T S TG
5 h B ALY ¢

1. 77 & B & * ehE_Tektronix TDS3034B

2.k f B 5 PT9201

3.k & i 25 = SHARP HPD-60

i

2008 International Conference on Advanced Information Technologies (AIT)



2008 FRFARBIEFR § i B

W6 F&To

B 7 5% kg s ¢ i CD-DA
CD-ROM, CD-R, CD-RW, DVD5, DVD-ROM,
DVD-R, DVD+R, DVD-RW, DVD+RW, DVD-R
Dual, DVD+R Dual, SACD.

Swmz ARy R

d Fekidsv ;ﬁ‘_ S sl Y Vel
WA AEERE ~ 308 % ks 1+ iF
'F°§’~~'ﬁmm’ﬂ‘?~'<§@éﬁ—ﬁ&1“‘\§ '
T LA RCTATE A S 0 2 EF AT
SR AR F F RS G L i el
- KT R LA A B X UE R
R ATZIER BOPER > TR LAF AR 0F
FAE O AL B A Y A BRI 4
b HETE S o Ak B NLEBP
S B a2 "'T}: 7}@2{5’:%@‘_“
st o LEEH{ B T4 54 Bluray &
HDDVDfﬁﬁHé’_*FJI“J%!EE‘J.*E%J#E’PE’
B0 A Mt R e b 2 B R {4k
LA

340

[1] Yamada Shin-ichi, Moriya Mitsurou, Edahiro
Yasuaki, Takamine Kouichi, Watanabe
Katsuya,* Optical disk thickness
discriminating apparatus,” United States
Patent 5831952, 1998.

[2] Yamakawa Akio, Utsumi  Masamichi,
“ Method and device for identifying disc,”
United States Patent 5742575, 1998.

[3] Tajiri Takashi, Shinagawa-ku,
“ Determination of disk types and reproducing
data from disks,” European Patent
EP0838818, 1998.

[4] Hasimoto Hiroyosi," Method of

distinguishing disks having nearly the same
reflectance,” European Patent EP0899732,
1999.

[5]10no Kazuhiko, Fukuda Hirotoshi, Ikeda
Takeshi,” Disc discriminating method and
information reproducing apparatus using
thereof,” United States Patent 20050047300,
2005.

[6]Chen Chun Ta, Yen Sheng Hsien,
“ Discriminating method of an optical disc
device for ascertaining the format of an
loaded optical disc,” United States Patent
20050058036, 2005.

[7]Lou Supino,” A disk discrimination method
for digital versatile disks using a fuzzy
inference system,” Consumer Electronics,
2001. ICCE. International Conference on,pp.
254-255,2001.

[8]1D. E. Gustafson and W. C. Kessel,” Fuzzy
clustering with a fuzzy covariance matrix,”
Proc.IEEE Conf Decision Contr, San Diego,
CA,pp. 761-766,1979.

[9]S. Abe and R. Thawonmas,* A fuzzy classifier
with ellipsoidal regions,” IEEE Trans. Fuzzy
Systems, vol.5, no. 3, pp. 358-368, Aug. 1997.

[10] S. Abe,” Dynamic cluster generation for a
fuzzy classifier with ellipsoidal regions,”
IEEE Trans. Syst., Man, Cybern., pt. B, vol.
28, no 6, pp. 869-876, Dec. 1998.

[11] S. Abe, R. Thawonmas and M. Kayama,* A
Fuzzy Classifier with Ellipsoidal Regions for
Diagnosis Problems,” IEEE Trans. Syst.,
Man, Cybern., pt. C, vol. 29, no. 1, pp.
140-149, Feb. 1999.

2008 International Conference on Advanced Information Technologies (AIT)


http://ieeexplore.ieee.org/xpl/RecentCon.jsp?punumber=7442
http://ieeexplore.ieee.org/xpl/RecentCon.jsp?punumber=7442

	摘要
	Abstract
	1. 前言
	2. 車用光碟機判片與問題描述
	3. 適應性橢圓形體模糊分類器
	4. 判片系統之實作
	5. 結論及未來發展



