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Abstract: Knowledge acquisition is the bottleneck in developing expert system. It usually takes a long period to
acquire disease knowledge using the traditional methods. Aiming at this problem, the paper presents the relationship
between rough sets and rule-based rapeseed disease knowledge, namely the application of rough sets in knowledge
acquisition from rapeseed disease expert. Then the exclusive rules, inclusive rules and disease images of rapeseed
disease are built based on the RHINOS diagnosis model, and the definition of probability rule is put forward. At last,
the paper presents the rule-based automated induction reasoning method, including exhaustive search,
post-processing procedure, estimation for statistic test and the bootstrap and resampling methods. The result§ of
experiment show that rough sets not only are a good framework for knowledge acquirement, but also can accurately
induct the rules of plant diseases. This method can act as the assistant tool for development of diagnosis expert
system, and has a extensive application in intelligent agriculture information systems.
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A AR —ANRAT 49 20 PRI GG E R, M LA E A 69 2 AR H A R F AR XS E R RGO TFLT
REB| —ARIFO MBI A A RAARLZER AT A H LG EANE.
X7 FRAGERE S REAR LIFRTHHY 4R

W R % 58 % H AL 72 Fry 45 Robert A1 Smith FIBFSTARRU I H T 15 67 1 18 AT 72 0 2% 1 1 — 3R
BRAVBBARLER -ARBR-ZZHEFRR BB AR L EIRXUT HFEGERUMES (R RE.
LA 38,(1) 52 : B 2 76 7% 5] b T 2% B F0 R IR . (2) 182 % - BIVRF AIE SR X, A 78 20 £ U0 2% 445 SRR 45 48 6 S 4 iR 0
IR R AT AR B3R 3 B O 4B SR L AT AR ALV R B L 45 8, FH R IR AR LR P B A ).

ERECHLRETDHEIENELEMI AL P EXEXLRAHLER R BKEKRHEE
ELREE-ANMBTER d RARRGT RS KWL FRETHAERTRR d HRARIERES (R}
BEBEESERIA—NHERFENFHERCRBRER d KRR — ARG, B, {R) 2R EEHN R
B 5 K.

AR, AT R R R R AR T IR R 578 F R BOR 2 18 9 55 R, AR RF AL AR, X 4 58 0 A
MBI, R G B2 R FRLRE 82 A 15 4R B R AT R 2 ST B B TR B P RITUAE SRR T
FFR 3R 12 7% TR GE P 0 i S0 08 B D SR R B A SCIR AR IR B T VR SRR S5 R R Y R
EANR—NRAPHE M RKRLBOMFER, W R ARRRRBRG TR

1 SHHER

Matsumura®H2 th ) —/> RHINOS 2 Wi H & T EAEU T = MERG R RER. AFRENFRE
B FIR R TAFAESRE . X 4 MM SR R B — T 3 0 7 R 2 (KD WR B e o 4 728 (8 AN R 4R o R i
PELEEAZE MR ERETRERN, G RBEREHEKBA ORE &S RECTRERHORE
AR MR, R R ELEN B RN ERE BT ZSWRE, N SR € X MILE N TH XM
RERHERAN . SR E R Tsumoto T XM AEREERERE LS TBEH T iR
A i, A SO T SCRR TS O i B e SEAR, S0 B o SR BORR E R UE 5

1.1 HeBRzEm

HEBR A 5 HE BRHEERAR S, BN FHERR MU BT R 5 — N2 Wi i L ERT R £ H4 S0 N 5 AR T Xt
P ABMRELHR PO ERKBN 6 MEXRM ke XL ENRER: L £E8M, 2. ER M, 3. KR
W), 4. FREEBEER, 5. JRH, 6. FORBERR. X TS m B HE BRI ) s 3

HTEEHHRETREAEER, LEEATRER:AFH - SEERD, AFWA - FERSE, REY: 8
EBRRE L, WERE: BOEE, R 6, RRER a6, ALV

BELER 6 MRUEMEEREAN T HHEREEENHEEERBELAEZAERNIR T AEERIITR.E
IR ,IX R i 3 AT LUE VB R 340 s B M 6 — b s ), 0 LR e 1o U s SRR F BB FE b & . Rk, A S R
F2 R4 B RAE R 95 5 tH HERR 200 R 5 78 72 X 40X R BB b 76 B A RO HEBR K ) 38 48 I3 gh W S, 48 B R HE B
M B /M HERBYE.
1.2 g8

AL S F & A B0 U, R AF IE (positive) I IE 28 I A BT 42 oy 3 60 & o IO R AR R B0 SRS AL
BB R —ANRA, AT BL— 52 B A7 Bt 40 W 2R A B0 X P x4 o o B0 R T S A

RERMEE, XTRUNT:

HEEkAE —HRERNOERES.

BZ0 bk B A X S R4 4 00 TT BB ¢ :SI(Satisfactory Index, i#/21E%0).

R AR A R AR MS BT R R R I Bk B B 4K A B9 H & CI(Covering Index, W% IE%0).
MR CILHBRNOCHEF T 1LESEEFU,B T 5.
HUBEETERANHLCRENERESHRKEIE 1 5.
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AT, — AN EE R R B — A RER I A SR R, T 0% B 5 3 (SO X N F ¥ 5 4 3 BE (accuracy measures), B
B IBB(C) 5 £ 8Y IE K (total positive rate) K M BERNIR,SIH Cl —MEMEHREFLBLEH.

R, — A ERI BT 0 — A T TR B (<d R, SI,CI> o d RREME I R, BT CIER. S X
AERBT A E 8 — NS MRS ((dRLSLGCD)), ., (d:RuSLGCI)}LICh, ¥k CI(CH¥E
XA —BERNE CLE AR ERRARM: R VR v---VR,.

Wner R E RN — AU (CI=0.9)8 3 NMERMWAR, LT 1 N4

MR AEBCARREFERYABEREL FEHE: BAEE MR RBEKERFREESA
5, SR 1. A ‘

W SR BB K RT R Y 0.9(S1=0.9),3F HLiZ MW E % T BrE B H i 75%(CI=0.75).

FELERBMUA CIERT 3D EMM K RELZEEH T A K51 90%, R Ek#H 10% M M X B &R AR
BB L3 30 0 ke v e

1.3 WA

ERENT AR E FFTH AT AR IAER 2 5, %R S0 0 A SRR B 5 3R B (0 3 ARE . R SR LI, 4R 57
B AN BB BEHE 2 SR A SR, X SR R B T 38 B B 3 RRE ) B AR T DA G (KR
BACARREAERFEY ACRRHL,BNE WERRREAHEK,. . Bt YhRXEKKEEREO AR
ERELH @R RmRRN G T HERE, nBRR. BRR%.

2 BRI ETR

2.1 HEEgait

HREEERETAPHRAXRR AR A AE. SRS Mm% CUW SR 01 B 57 75 10 808 3147 4
RN AER, AR MIREET AR RGBS MRERESEALRMBHRAE XN AR LXERBERE
—i&; EMBTRERRPXRTRHEAABRH S LR REE S, BT T AR N T A A TR w4
BB A DA K VP i 75 2038 FE o B M 41 & TT 4 28 303 I R i o 7). i E 8 LUK SR ) 4 T A O IR AT o 26
HRE N R ER, CANMIRRET XK LXHEN MREARSALRMBHAET XLNAR S BBABRE
—08,

R 1 A0 EEERBEERS A RUOA MR EESHTIENEESTERS A BEE T
APRIR 23 ARBRERRFER).ZESRANHARS R = ERIG=HF AR S (2,3} ZESWEX
R R LA HEEE X BN [x)e = (2,3} 75, {2) A BOR, T (3} 0 BRI Ktk 75 B 1S M bR R X
B BRI RBUR AR BB S, T S — AR e B, R =R AR R
Rt R u%*ﬂfzﬁ%gfﬁﬂgﬁﬁﬁmﬁﬂ,ﬂﬁﬂ:[x][na»mmn]/\{ﬁﬂmmaena; = {2},[x] pras sty
peen-meuw) = {1,2,3,4,6} ZEMRER I ISHER P ES 2)REBITE NS ERESH 2  RERERE Z T
B SC R IGREA D A RTUEERIRBRNBXER R TRNES ] h I, TEE S B HE
B AP 8 XA S HRAE, 00K 0 1 B0 BE (S I 2 48 R 238 0 IE R (CDE AT & X h:

a @R, ()= el M
R H,IDIA D HES, ay (D) K R XT D I EMMEE SIRD), k(D) # R XF D MBHEHRBR LN ER
CI(R.D).
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|1 SR E RN

ig

Fx  EEW R0 mEY AR W mARER 0 WS E
5

1 I BHEZE  AARREZ ReWH LHERR TG HARKE ... E L3
2 R R HERREL - RAEK BEARE ZEEAMRETR ... E B
3 BKM g HERREL REHAEA BHARY RECAMRERTR ... L33
4 RS e, 4 HERREL - REAHEE  RBCAKRR FHEATERS ... (ko3
5 AU £H HERREL RARY RREEER ZAGTERE ... R
6 RN ERAR HERREL RBREEE RREAKER Fa6GA8KE .. ... k-3

VAP AV WL R T REWS.
2.2 ATREMERRITE X

AT HGR 3 AR HLN, & SR DR BE S 2 10 e AT REME R ). P R - E XS AT LB F M KR R,
RKER.

EXN1EMRKR). 2 URIEV ARERANES AU VIR B M 2eRERENRERE X T4
BuveUENEMXR R u =g, v HEMRE Auw) =Av).

Flaw [EEH = B & FERSA = RBEMHIR —AEFHXR,EE R-[EFP=HH] & R
=M WL R KFMHEE (s, B14n,(2,3,4,5,6} Ky il B[4 H =Bk BB E SRR A [x ]2 wm-nmm
BIK {2,3,4,5,6}.35 U AW & B WEHEERHES.

EX 2(TREHER). 4 ROAMERE —RERK fOEMXRD ATEETH d NES HELBINSH
AR OPMAIERNER . BE,.ADXRR D NERD WA RHAERANEX N —TETHF
B, < R, —25d,a, (D)xy (D) > FF R, —2>a HEMT &M

Y] [xls, ND#¢,
{[xle, ND|
1%, |
{[x)e, ND|

ID|

EXFH SN THAERHE SR eETF 0.9 i, WZRUARHEEST 09.5—HH,cR& D PF
ZOHBPZAN BB — N TE PRSI BHLEHAEE: LUEFT 05 BEXFAZREF LR TAR
WRZEMXRNES.

P MU REY = AEREREL)S>EER B Ax] maw-nexene={1,2,3,4,5,6} 7 D = {1,2,4,6},amue
- naxxnu(D)=1{1,2,4,6}| / [{1,2,3,4,5,6} = 0.67 B ximew - cexene(D)=I{1,2,4,6}] / [{1,2,4,6}] = LBTLL, IR
SRR IR R h A RO 2, W% B2 BRI AT BE Y b 67%, 3 ELiZ BN B & T X7 7 61 9 100%FI 17
AR 1 TE).

2.3 SERM
2.3.1 HBmn

@ a (D)= , | @

@) K (D)=

R—2%>d st R=R and x, (D)=1.0 3)

EBIREERRRR R R R(EEH = Wl v (EEH = BEBDAUERS A = RBAHH] v
PERAE = MR v EERSA = 2R v DERDA = HRARDA REY = BERREL] ADRERRE
= BEEE A (R = 2BERR] v R ~BEARE] v RR =RBREKERDA (FRHER = A
BALAEE) v (RRERE = RA6 ANMRRET B] v RRBEE = TAG, AT ERE). R, a8
H:d - REFELRIESRATETSHEHMMNFE K _LKIX NS HE.
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232 AFE

R—2%55d st R=v;R=vA;vila;=v,], ar(D)>J,, and x; (D)> 4, 4

ISP BEEKEBRHIXR RERY(MEY = AERREL] v RESRE = BEEEK) v R
=RBEKIR] v RRBE = ZEEALBERE]LER, QMU EKERA BRI R T KA HE.F—,S1H CI
ERBINSHEARITIEMNZED.EZ, LROANNEZEMNNGHFPBRHRERUNFH— 4. BHH,EFE
Km— ﬁ%é%mﬁxb&m’a%}%&ﬂﬁmﬂmwﬁﬁﬁ X— iR B E TEB T
233 AEHR

R—2554 st R=vRv[a,=v,], ag(D)>0(x, (D)>0) (5)

EBIP BEEREIRR R RN (EEH = Bl v (EFH = Bl v JERS A = REEAHE] v
EERDE = HA]v ERDH = ZH] v ERSMA = BRAR] v [REY = AERREL) v RERRE
= REWE) v RE = ABEHEA) v R -BHEERE] v AR = REBAKER) v RR#EE = A
BALEE] v [RREE = TEEEMRKTR] v RRER = X677 ERE)EREENE 56
BRUWBREL, « (D) EEXPRETREENEAR.

3 ETFRAMBOMARAIE

—A%F RHINOS 2 WM AMHERERMLRE R | PREVBHBRIE UNFHE R BHE-Ex P
G HER R BRI R R R BT AR MR- SRIANE A N,

3.1 £¥RIUE
S DRINEFHB AREMERHPVGHEE ZBRRIBUOE | T X ELAG & 4dF5RBBR"FEHE
#la = /] AEEH = R ERAEE KL X mun-cexans) N DE{1,24,6 )R ET ¢ i% B HEEXTEFHIAN

R ERB D HR,ERamen-rnernun)(D)=0.67, %X EREEANC TR &S, EHH Delx)man-nexnny
(={1,2,3,4,5,6}), 150 th 4 I A BIHEBR MU .

LA R R E-EN AR EE AN TURHAARFRAN, AERRMARAR THEHNESIAN
BRIEE.

32 RaEds

HTFEERNWKEXR—MHERFBEEBRTUABBREEIAN. 0, FNXREEH = HHPIHLE
X)izwm - wmND = SRXTFBEEBAR"H—MEETRURECH SIERET /48 T R XM NEMRSE 5%
ARSI, BRATRBIRH STEKRT 0.5 KBNS RABOEH S, EHFROERXREFTH = B
TR B, E (BB 5 940 T B 4R 2 4R P B BR 38t — 25 PRI-REX2 MR R & 4r 68 7 R A i B MU RR 4 /R
HEMH AT T B R AR BB T R A 2 Fros.

33 FiTRENIEMS

K RERKE X ERAFROOINARE S FEAE LIPS LH R FARRIBERRE 1.0, XERKE X
UGS ER S HER T “BERHOESBRA B, LHEEXNNERAATROERNHRLTAAER U
BB B B RE A R, WESI R AP T ERY EXERE.

R B% 9 B 5 % 70 44T R i 22 4 3R ) 0 R 3T e 20, 7 S P B bR O Y M E B R R A
RA R B e, B iR J7 SR A B SO S RE R e SR AR VA .
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procedure Exhaustive Search;
var
L : List; /* A list of elementary relations */
begin
L := Py; /*Py: A list of elementary relations */
while (L # ¢) do
begin
Select one pair [8; = v; ) from L;
if ([x] [ai = v; ]N D # @) then do
/* D: a set if positive examples */
begin
Ra=Rgvia=v];
/* Disease Image */
I (g = i) (D) > &)
then L;; := L;; +[a;=v; ];
/* Candidates for Inclusive Rules */
If (xpi - vy) (D)= 1.0)
then R; =R A [ai=vj ;
/* Exclusive Rule */
end
Li=L-[ai=v;}
end
end {Exhaustive Search};

Bl £#RIEEE
3.4 EREIEMEEHZE

procedure Postprocessing Procedure;
var
ii: integer;
M;Li : List;

L; := L;; /* Candidates for Inclusive Rules */
i=;M:=¢
fori:=1tondo
/* n: Total number of attributes */
begin
while (L;= ¢ )do
begin
Select one pair R = Ala;=v; ] from L;;
L =L~ {R};
if (ar(D) > 8,)
then do S;; == S;. + {R};
/* Include R as Inclusive Rule */
else M :=M + {R};
end
Liv1 == (A list of the whole combination of
the conjunction formulae in M);
end
end {Postprocessing Procedure};

B2 EAELESE

R XRUETTIER R EZ G805 BN H VISR L RSB VR {L, Ly, Ly} RIS, B V KMV SRR
EL-LG=1, ...»)F RS8R F LAEAR S AR R ER orr, B )5, B RER orr @7 LT T

1) err, KRB, M err =Y e, /V (RIE V WX XRAEE). F I, T8 ILHE err B8R ST A CL I HERHH SI
i CL

TR IR RS BR85S, AR VISR B A h 8 B2 0 v BB ¥ S 8 (F,). 28 2 5,5 Monte-Carlo # %,
MA F, BEEHLREVISREEARSE 3 2 RRH VISR R D980 8 5, R A 912 VIR Ak BRx de 4k 1, Fat 48
TRIEGRER)FHRBELX 4 PHEARBR K. — B, ER 200 KxHEZEMETHELBT.

HBHR Eforn R 2 KEXRIEFEMSE FXEBH— P RLFHERMOTIE T, EH 5 EENUSET
BRI (w4 v B8 b, BT & T CAFE b BT B0 BE 69 F R, 10 5 & AT B4 180 LR

ERYRE LKA RT P AT BRRE X RAE AR — B, R 5N Walker 32 H B9 EH X XRiF
FEO GG P X XRIES R ETRTCEE S 100 K)FAGTREFRS LHE. H T 8% ERY
FAR—BE, AR SCRA TER 2 R R UEMEH k.

4 LRER

4.1 FERytERE

R EBRH — MU RO, 55 308 B 4% 6 AR BR U 3k LU B, T DA K K46 6 B 0% o S0 TR RO 3R B 78—
BRI — MR FEXRENRUEDEIER 6 A F 0 8], 748 A %05 ¥ o LA X AN S B4 4 3L
N EW.PRI-REX2 RENBIEE T RRHAN BREXRIABERBILERURST T 0 RBEREFRERR
KARCHRERRAOMFAA T ETUN SR ERRENFRER —MRFMOHBIER.

4.2 JFAMMMATEEE

ERAF AR MR ERIBERTE 463 NRHFL51 FPA A 16 NBHEELRD 5,54 BF R 0.75 7 0.5.
ERGHANTBE | P X BB FRBEN S IR, — R FRVIGREER, — L ELIFHRRER S 25,
43 B B I VN A R A PRI-REX2,AQ15 fl CART 3T V394.55 3 5 X 35 0 VI Sk & B I AT IR i 5 13
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FEW LS B PRI-REX2 AT RR MR8 4 5,85 KO8R R RR 095 1 05 03X I 3
BWEST 100 X, 34 100 XELR AR EHTES.

LWL MR 2. HEBR A WK B BE (Exclusive rule accuracy, ER-A)RRABOIGHARELEE M8
EERF N EEE P HERZESN 2 b & 3 M 5 BE (Inclusive rule accuracy, IR-A)R 7R354 5o . 8
J& 97 3 B4R K4 1 JE (Disease image accuracy, DI-A)R RH £ /DR 8 12 07 45 8 SR AR 1, B 28 B4R 5k W3
$—T RN PRI-REX2 BEMSR E_TRERE XML R KZTE 3. 4 THE T CART M AQ-15 1AM
MU REBERPE S, 6 ITRETEHANRIEHER-CV)RBH HEBS) K REMG T 4R BLER
BR:E—JARAUNNEEXZERNSREBR D, B - ZHFEHAKENES R CART #l AQIS RiF;%
=,R-CV #1 BS RZ i v 7] A4 BIE b 5 0 R 2 19 E BRAT T (Rl o, B ok, 3X B AN 2. 18] 69 (X ) 4 ths =T 3 4
430 Bt BB IR 2 4G T

X2 LRIURGR

Tk HRRANMHBE (%) AERURRE (%) REBRWHE (%)
Methods ER-A IR-A DI-A
PRI-REX2 92.1 84.0 89.7
Expert 97.0 92.0 94.0
CART — 83.3 —
AQl15 — 84.7 —
R-CV 71.6 77.2 81.5
BS 95.6 89.4 92.1

5 &RE

AR T ETHEENMORELORERRUNEREE LR T mEREFLHEAERFN=ASROA
A NE . BROFERDARB(X D). LR G REAHRERNE R TR RN RET
ERMARPHERRAOBRE TRERVEHHVERRATHE ZHNANR AR ZHEREHS
BB TR, 8w SRR F KRR ), F A SRR B IE (W), R ER RN T — S EM
9 TAE.

Bt TEHBORNSAXNIHSFAFNRNNAT ALREERBREENTITEARERAAY
Tsumoto ¥ #2 &K 7RKist.
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