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Abstract: Electromagnetic emissions are radiated from every part of motherboards of personal

computers, and thus electromagnetic interference (EMI) occurs. EMI has a bad effect on the
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surrounding environment because EMI may cause malfunctions or fatal problems of other digital
devices. EMI engineers diagnose EMI problems of motherboard from the electromagnetic noise data
measured by the Spectrum Analyzer. It is time consuming to find out the sources (PS2, USB, VGA, etc.)
of electromagnetic noise. Rough set theory (RST) is a new mathematical approach to data analysis.
This paper constructs an EMI diagnostic system based on RST. There are the following steps: Data
Collection, Data Preprocessing, Descretization, Attribute Reduction, Reduction Filtering, Rule
Generation, Rule Filtering, Classification, and Accuracy Calculation. Historical EMI noise data,
colleted from a famous motherboard company in Taiwan, are used to generate diagnostic rules. The
result of our research (average diagnostic accuracy of 80%) shows that RST model is a promising

approach to EMI diagnostic support system.
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EM I (Electromagnetic Interference) (Morgan, 1994; Mills, 1993) > fl1=0 F 4L " BT # ”41*
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ATE o VB A R PTG AR BR ) S B
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1 TR

TYR (Data Mining) RLP-BHEVR] IR B ~ S SO0 | Rl o e 2 el
A (Han, 2000) © e¥RIHERIE T FIFVTTRS > i3 8 (Classification) ~ ¥ (Prediction) ~ F%ﬁ?’;fn
I (Association) ~ =& [~ (Clustering) =~

w CPRA ORI BN [ L P IRIFOTEE  ARHCT [FIPVRE . (Sushmita, 2002; Kusiak,
2000; Kusiak, 2001; Bayardo, 1999; Hui, 2000; McKee, 2002; Ben-Arieh, 1998; Yoshida, 1999) > ~ & E|
i CPEIEHRE N [OPR] BRI VIR - 1911 > Gardner (2000) ff*']SOM (Self-Organizing
Map Neural Networks) ™ [[I447] (Rule Induction) [y fTis: e [Effth » el i
{lt SRR R = I JFFF[ gslﬁ@’ri_lﬁ;;&, Uk MRV RIS ]! _“E[:ISF FFF[[?E FIIp B e S Ay
PP Flfff i B Lo Iy (490) FJH[Kruskal-Wallisfgi it Jbﬁxf‘ﬁ%ﬁ‘di GERE
Fﬁ#;[ﬂ""ﬂ llﬂﬂﬂ?ﬁ“ﬁ'?fﬁ!%‘é?ﬁ@l SR BT ﬁﬁ(@%’f&'ﬂ@]ﬁgﬁﬁ o SUBLE [ EAA ﬁ%”ﬁ?ﬁ#l[ﬂ‘
Q%‘H (Wafer Map) &= vR|$# (Chen 2000; Lee, 2001; Skinner, 2002) -
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AR ﬁﬁ&u}:’#ﬁ% ﬁfﬁ'ﬁﬁ (Rough Set Theory, RST) ﬂpli‘ﬁif%ﬁ%z. Pawlak i 19825 !
(Pawlak, 1982) > *'| 1&“},%”%@??7*%?’5 (Vagueness and imprecise) ?}'?J'FIUFEJ%E P ﬁt‘?ﬁ;[;ﬁ
TR & E LR RLEEE AR [T R T g&iﬁrﬁ%w YHEITHE (Pawlak, 1991) = RST
fr 'ig%flﬁiﬁ'lm'%%ﬁﬁ EyE QIR HPR e+ JIRSTR MR (D fIE T (2)
FYE[TYRIFOBEAMESS 1) (3)% * WGl (Pawlak, 1982; Kusiak, 2001) - RSTH T % &1
AL R 2 %mf uﬁ[%%,ﬁ_; (D|m|tras 1999; Kusiak, 2001; Ahna, 2000; McKee, 2002) -
FAPIE R B ﬁtf ST > & J PNERRST ' I 5 QA ] > [NIFEESERST 45 EMI
TApVEZEAIH -

(1) =YFYE (Information System)

BRI A ES (DeC|S|on Table) FyhRLeY¥F (Information Table) » E&ELS=<U, 4,

V, f> (Pawlak, 1991), URLE|[4{ & £ (Universe) f1U[1 U={x1, x2,..., x10}- ARLg}% (Attributes)

pjéf B : A=fal, a2, a3)={{IE, [il'rJ[L B} e VALE WPVl - fI0: Vol wital o il -
Var={E1 IR} o 35 FrEr(Information Function) f UxAd—V >+ "‘#’JFFE"" 7 (1 i
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;‘/Efdl'ﬁ': » A f(x,a) eV, ,VYae A ¥xeU * TP fﬁ‘?&’fﬁ"{”‘)%? o TEFTE g F - (ERL
HYBTE (Decision Attribute) » £ &R EL I T (Condition Attributes) «
2 "7 EﬁH[JF—TdiET_IJ (Indiscenibility Relation)

Fl- HEYFERS=<U, 4, V, f>» YN PEL~ | ”’iﬁﬂ‘%i'%ﬁ © PcA [ x,yeU » Ind(P)
LT B G  ER TR T B B R PR
f(xa)=f(y,a),YaeP » *AlInd(PYRLEE RS AT FIEVE 2 I—n”Ffrffﬁ I’M%?Erl‘%i‘é% fiP
lﬂﬁ%‘;}’[f&]}jﬁl AIMVESE G LR A & £ (Elementary Sets) - #530PfUPiF AL R [x ], ) °
3 & ﬁ Y A5 Approximation of Sets)

r* Fd J (Lower Approximation)=* " FJil | (Upper Approximation)f..RSTFV [ 1 o1 ! .
WNXRLUPSE (@i~ ;“F‘ XcU ' PcAd  HIXEPHIpu™ REAE

PX ={x eU| [x,-]m(P) c X}

S AL PR o [ PERLE T IR L BER 8 XR REf
PX LV ELXE PRV B (P-Lower Approximation)

[ X PEEY - B3

PX ={x eU|[x] NX =0}

Ind (P)

o] B BB PR PR T B I BREXD 8 T AR
(B > PX HELX PR R (P-Upper Approximation) « [1pX 7 Ufi3 ¥ (Boundary) 55
£ PNX =PX-PX °
YR BX = BX I AXRL W B GO R S Bk 4
R R F i 1 (Undefinable Sets):
1) YN PX # ¢ > 1|5 PX = U » JFE X 7 U Il B2 ps 5 (Roughly definable in U) -
2) I PX # ¢ i 2 PX =U » H[F X 7% Ul 7}%{;_7}%&@_};(Externally undefinable in U) -
3 YN PX =g > [0 PX 2U » BPE X 7 Ui Pjﬁ{ﬁgiéﬁﬁg’%(lntemalIy undefinable in U) -
H YN PX =¢ > [ 2 PX =U > [ X7 U 15k = 2.3 ¥t (Totally undefinable in U) -
BT I BT ML) ) 2 (SR PO EEbR_E RO gy

U, (X)=card(PX)/!card(PX),0< u,(X) <1

(4) 1% [ (Reduction of Attributes)
YN Ind(A4) = Ind(A—-a,) > FIETEafiERL ZER0Y - iflladipL s ‘FIfiY (Dispensable in A) = 4

TERLBEN A e 1, > 1 B IR PO BT 5~ A Fem o /BiTERL SaRAVE T S 4
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i/D%‘\IS?w%\“ I[E{ Eﬁ“gﬂ K'ch(%]& Eﬁ*%i) PﬂAFIUFEﬂ’[‘%:’;’g\ Fﬁ[ ’ ‘?J S”:{X,

X)X, cUX,NX, —¢uX =U > ¥ *A U558 (Classification) » X2 EL X[ (Classes) lﬁ
I PY 9t - WHOGBAE (PR ) dVF D o w v Bt ERL - py =

{PX, PX,,..PX,} > P¥ ={PX, PX,,..PX } > ¥ 1 SIIULET (Quality of Classification) 5515 :
B,(¥)=> card(PX,)l card(U)
i=1 -

T lﬁ%"c}’lfk% (P> PcA - [ RIEE APEARHE RIS g, () > HIRFEES F PANE
At T | ”FE?’Ii o ffF R T & FA[ PR RS AR AR RcPca IEMEJ
B.(F)=4,¥) " Hzﬁfké FiPIERLIS | it 5 7 > T RED, (P) P

ErFl R %‘tfl%%ﬁ (Minimal Subsets of Attributes) | % P il ? ~ fi ¥ = fi' o F
LT RIS f o 2R TSR G100 R TR AP REE o FE 0 (Core) ]
CORE, (P) = "RED, (P) * FJhLe@ i MEgrr O & £ -

A=) ’E‘:}’li‘%F]EJIH?E%“'%#“GLRSTu;lﬁ;l%ﬁﬁl— @ H SRR ] T B
%ﬁﬁﬁu (Discernibility Matrix) (Walczak, 1999) » ™3 5 ] FSZi pr i 2] g1 [~ piposs il > 7 2. 381
FEIEP -

) H{f'*ii HJl ( Decision Rules)
HRE (L0 o S S (VAT 53 BIF T R R oA Sk
e 2 BV g R A PSR IR IR B2 34 -

2.3 RSTH B3P

AR (T IRIARSTRCRTE [ > 1w & & HOQER IPsEA - 780k g gl 4
;F %J?%@VE'F’F,J/ EhH(il) 2UF = W RPTE - A={Diploma, Experience, French, Reference } =
{al, a2, a3, a4} >, I'J M~ [T D={Decision}={d} - ﬁ%ﬁ’l&k;‘/%ﬁ’l‘%f@y PR
B ;EZ%'@FJEEU%Z :
Diploma : {MBA, MCE, MSc} ={1, 2, 3}
Experience : {High, Medium, Low} = {1, 2, 3}
French : {Yes, No} = {1, 2}
Reference : {Excellent, Good, Neutral} = {1, 2, 3}

Decision : {Accept, Reject} = {1, 2}
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F1 - TR (R )

U Diploma Experience French Reference Decision
xl MBA Medium Yes Excellent Accept
x2 MBA Low Yes Neutral Reject
x3 MCE Low Yes Good Reject
x4 MSc High Yes Neutral Accept
x5 MSc Medium Yes Neutral Reject
x6 MSc High Yes Excellent Accept
x7 MBA High No Good Accept
x8 MCE Low No Excellent Reject

£2 M- BT
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QD
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QD
N
QD
w
D
NS

x1I
x2
x3
x4
x5
x6
x7
x8

N Rrlww|lw [Nk |-
Wk, | R INRPRP[WlW[DN
NP IFP(FP|IFP|PFP|EF
RN [RPlww || W~
Nk [Rr|IN[(R[NM|IN|R o

Xy = el 34,5637} > Xooy = {x2,x3,x5,x8} o FRERRIPIIE e i > D g AR
R DR 3 imﬁ%@ﬁi?@ I3V BB - BT P re2
VT AR FRa2%ad » FORLK aZ= ad E T B IR | > ETERIAMPREE o (ERLYL R [l
(EHARIESPIEE B0 Ll xdx6,x7} » PIERRPES Tl KR > PP b= ) Sl gl - Al
e G BSERIE 40 JEE - ) R

SRR Bk B O Fz‘qﬁ[@(@f&?‘ﬂjﬁ?}@@ (Boolean function) Fffr:ala2#-a Aa, °
#laland a2 (al, a2)A- 1% (al +a2) 'l JASEEL (al or a2) o M [ SR pIR S E VT Q.
71y : (al+a2+a3)a2=a2, a2(a1+a2+a3)(a1+a3)(a1+a3)=a2(a1+a3)=a2al+a2a3 PRIF=EEE] =™
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xl x2 x3 x4 x5 x6 x7 x8
x1 —
x2 a2, a4 —
x3 ala2,a4 - —
x4 - al,a2 ala2,a4 —
x5 al, a4 - - a2 —
x6 - ala2,a4 | al,a2,a4 - a2,a4 —
x7 - a2,a3,a4 | al,a2,a3 - al,a2,a3,a4 - —
x8 al,a2,a3 - - al,a2,a3,a4 - al,a2,a3 | ala2,a4 —

[~ RS B R

f,(D)=(a2, ad) (al,a2,ad)( al, ad)(al,a2,a3)( al,a2)( al,a2,a4)( a2,a3,a4)( al,a2,a4) x
(al,a2,a4)(al,a2,a3)( a2)( al,a2,a3,a4)( a2,a4)( al,a2,a3,a4)( al,a2,a3)( al,a2,a4)
=(al, a4) a2=ala2+a2a4

5{,%

ala2+a2ad » # I gflt & F[alaZgl&i_aZa@”jt IENIRES Al

FpIEYF I AFH] a1a29‘/j;a2a4’:gj*[ig“jt[ ”}HH‘ SRR B« 1) Tala2 ) K 98
Filta3¥ad i o [I' HERA -

F4 [TRERPHEE (Mala2tih])

Diploma (al)

Experience (a2)

Decision(d)

x1

1

2

1

x2

x3

x4

x5

x6

x7

x8

NP IW[WwW W [N |F

WlFkLr | P INP[WW®W

NP, || [DN]DN

AR E T

ST FIFI AL S8R - 75 {1
) SIS s

DR AT BRI R TR T E e PV RTERLA R T
FUR G f{ala2}d i Bl e RS o %m N
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x1 x2 x3 x4 x5 x6 x7 x8
x1 — a2 al,a2 - al - - al,a2
x2 a2 — - al,a2 - al,a2 a2 -
x3 al,a2 - — al,a2 - al,a2 al,a2 -
x4 - al,a2 al,a2 — a2 - - al,a?
x5 al - - a2 — a2 al,a? -
x6 - al,a2 al,a2 - a2 — - al,a2
x7 - a2 al,a2 - al,a2 - — al,a?
x8 al,a2 - - al,a2 - al,a2 al,a2 —

x7, 5 R

1,(D) =a2(al,a2)al(al,a2)=ala2

f, (D) =a2(al,a2)(al,a2)a2=a2

f+(D) =(al,a2)(al,a2)(al,a2)(al,a2)=al+a2
f,(D)=(al,a2)(al,a2)a2(al,a2)=a2

f, (D) =ala2a2(al,a2)=ala2

[ (D) =(al,a2)(al,a2)a2(al,a2)=a2
/(D) =a2(al,a2)(al,a2)(al,a2)=a2
f+(D) =(al,a2)(al,a2)(al,a2)(al,a2)=al+a2

P RS BT B 26 > T G E Tl i () SR T T | 2P 02, x4, 6,
bl x5 3 B3RS S A L i Tal=250 a2=3 i1

ERA RS [‘JE

il > (ELRLPN BRI =220 1 > =13 E

2 I8,
Rk B RHERL T S CHPEORHE A ) - oyl

fa2=3 — d=2,

» RIS x3ZEX S

A6 &SR] (AT SPEFRIER)  (]ala2tBf)

Jepikall il R

Diploma (al)

Experience (a2)

Decision

x1

1

2

1

x2

x3

x4

x5

x6

x7

x8

Wk [P (NP w|w

N (RPN NN
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1) Experience = 1(High) — Decision = 1 (Accept)

2) Experience = 3(Low) — Decision = 2 (Reject)

3) Experience = 2(Medium) and Diploma = 1(MBA) — Decision = 1 (Accept)

4) Experience = 2(Medium) and Diploma = 3(MSc) — Decision = 2 (Reject)
P 2 gt Ta2ad ) o [ E[ATEAS > RS IEE I E AR Y O3 J) R

s

1) Experience = 1(High) — Decision =1 (Accept)

2) Experience = 3(Low) — Decision = 2 (Reject)

3) Experience = 2(Medium) and Reference = 1(High) — Decision = 1 (Accept)

4) Experience = 2(Medium) and Reference = 3(Low) — Decision = 2 (Reject)

AT (CETERFVHTR (Ritta2ad)

U Experience (a2) Reference (a4) Decision (d)
X1 2 1 1
X2 3 3 2
X3 3 2 2
X4 1 3 1
X5 2 3 2
X6 1 1 1
X7 1 2 1
X8 3 1 2

8 BAIGEH (R SR ) (ta2ad)

U Experience (a2) Reference (a4) Decision(d)
X1 2 1 1
X2 3 - 2
X3 3 - 2
X4 1 - 1
X5 2 3 2
X6 1 - 1
X7 1 - 1
X8 3 - 2
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31 TRFEERFTH

EMI?FQ?E’K&%%E’TE{E'J%%J’W?% (Spectrum Analyzer) » JHZ¢% FF”!,FI'??%J ?UEUEMIQHB%'%@D
125 o e [ o s (Frequency) Be#ESevRLRLFIBOMHZZE] 1GHZfV ! - 2 IMHZIV -
Hetl Gl fye) - R ffipo etz b i > 2 @?E[J%Eﬁf’sﬂ%’él%%‘ﬁ@ﬁEﬁ%fﬁ?‘[]ﬁﬁq R
A - BMHZESBT o Vs B i - 3;§Fﬁ];;_ BB (S - R o
ﬂgfﬁm @%IH’%EJLMMTJ » 4[]30MHz~230MHz£-30dB) ] ™~ » 231MHz~1GHz{1.37dB/ | ™ -

PN Rl R R o PR T l’?prMliiktW‘%if?@ ° EMIZ A+
AR ey P A RN E S S i ES %ﬁﬁ@%ﬁﬁ*@ﬁ@ﬁ AR ’:'I”TE:'T &y
RAVEff ]

+ ﬁ%qlzp A, q?:ﬁlHlF}??fE'—] g > H EF;\E@@%?»#[%E% T #?Z[ﬁ YA A FN1ET- AR B
B %,!TQV’J PR ST A Y T Freq.(MHz) 4 £ T ilEMIiE}%f - 1 T Warning Mark ; fi9
A [P AR T Fl’fﬁ PR (A e Pl = heE mF AR LRI

TR AR L SUBPUEMNFIES AR YR - bR St (A8

CR&C Lab., Shi_j— Chu:IgI::u::r" 1

Customer :ECS Mode| :L4IBMGL3 1.1 Date: 21 Juh EBEE
Antenmna 3142 Palr., tHom i zontal-18 M Time:14:15:
S.P.A. tHP E441 1A Prefimg . F'UJISDKU Urit: c.IB._.U

Rule :ENSESB22 Mode Te=ter: COCO
Cla=s= 1B Tmp . ca: Humid o ;

Remark

"FULL SYSTEM

START JBMH= STOF S8aMH=
RES BW 188 KH= UBW 188 KH=z SUF B maec

Mo Freq. Reading Factor Level Limit Margin Warning

(MH=z) (dBuv) (dB) { dBuv/m 3 (ae) Mark

1 30.00 18.1 2.6 20.7 30.0 -9.3

2 48.23 16.2 4.4 20.6 30.0 -9.4

3 T77.92 29.2 2.1 31.3 30.0 1.3 x

4 84 .00 25.8 3.7 29.5 30.0 =-.5 !

5 59.83 25.7 7.3 33.0 30.0 3.0 X

&6 120.45 18.7 5.9 24 .7 30.0 =5.3

7 132.60 15.6 a.5 24.1 30.0 -5.9

a8 144 .08 22.1 5.8 21.9 20.0 1.9 x

9 159.60 21.1 8.2 29.2 30.0 -.8 1

10 166.35 i5.0 a.7 23.7 30.0 -6.3

11 183.90 20.8 6.6 27.4 30.0 -2.6 1

12 199.42 27.0 5.6 32.5 30.0 2.5 x

13 208 .88 15.6 6.6 22.3 30.0 -7.7

14 239.92 21.0 7.9 28.8 37.0 -8.2

A2 EMI Sk pn) e gt vR
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’F}‘KJ\JRST&T EMIFZErrak » T RIS - ST RESER j15  (Data Collection) 7Y
FIfj % - (Data Preprocessing)> g 1% [ BEffe- [~ (Discretization)> & 1% [~ ] (Attribute
Reduction)> 4| 1% & 3@l (Reduction Filtering)> & % £ ([ (Rule Generation)—> 5@kt 1]
(Rule Filtering) - fft>3 %1 (Classification) >&Ff fi 7 411" FE} (Accuracy Calculation) > & &=
% (Diagnostic System) » 53 [JJEEE g ¢

3 gl e
fer

2.5 PRIFEL

4.7 1 [y SR A ES i

7 S 6.7% % i f1]

3 JIRSTHEH I EMIB 87 5 pv# R

1) ?ﬁl}ﬁ%
e PRI TSR EMIT LR Vﬁ'ﬁr&s*ﬂ [PETRlE=al L CAR: E*?Hflﬁ JEL R

T QF'F %’é‘*f’?*"ﬁ“ ST ey T e L E RS (GrR9iT) "Jﬁlﬁ':ﬁlﬁﬂﬁ” ’E“aﬁfr?‘ i
B podE g I?Q“Ifﬁ ] %@,J}T’T]ﬁq ‘ﬁiﬁj« HIRSRH I OBt HPLE BT LA 2 B IE S filpo
EMI‘]EUE;Z’QT\&Q?]@ID?MlSﬂETE‘HSI  HUpI I 134 5T (S 28157 -
(2) &5 erRlf

BIPUR pUerRE SR ’ﬂfj’q\‘ﬁ"ﬁ"ﬁ\ IR R ﬁ L TR e - R TR ]
I FEE T AR © T SRR IREOPort > P BT K1 B (JPIE) > 3
HlIE%: A B (Printer, Ps2, Com) ~ BE: (VGA) ~ CE4 (LAN, USB, Audio, Game) » I'JIF== B ER !
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3.3 MERSTELLE
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