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Abstract

In this paper, three classification methods, namely proximity algorithm, decision tree and support
vector machine, are used to classify and analyze the fetal heart contractions (CTG) data. The clas-
sification results of each method were obtained, and the accuracy and misjudgment rates of each
method were identified. The results show that decision tree can classify the actual data well.
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1. &t

BEE BT ENLER T CER R, MBS T —A “FdiFE, A" find.
o] NI A0 TR 290 A IS R, FRET 70 2R i fs AR 0(E B C A ORI A T 5 58 E R
e DAL, TSR S S R IZ IR TR C A O T SR I 1R . UM KNN B2
RN SCREMENL, EATRENHBARE. #BE. RITSES NI BT 3RS IH B 2T 4k
HI R IR R, 00 4 TE R 2 W A R AT L [ ) A — 4 B b B R AR 15 77 7R K & 1 I
B SN, B, FHPEZWRR B XK EER AT BT, CEFR250W, i
O EIE BERGSE, AT RGEMAFTL, (R TGO 5 4 I (cardiotocography, CTG) BB FAH X ¥ )i -

Haritopoulos M %51 [#2 H 7 Ab¥E CTG 15 5 i WP ER, FEEFL 1 25RO 2 70 B B RRAIE $
W5k, —SSRHE RO se t, DAkt —2B I8t 9T. Chamidah N [2]3@id {8 K-Means J7EXT
UCI 1) CTG A AT k48, B MR IR AE SR IR 8 7 M RAFEFIH SVM BB 475028, 1k )
TR EMHERR . g3 IR NI S T INE T T LB A IG RS S, IWEHE R LR
WU B BRARRAE , BT ERRAE EE AR A AT HER 028, 193 1 U B R . XIE R[4 G )L
WA CTG 5 581k, S0 ARRE R E4515 5T B33, 78 CTG in )L Aeliidr oy i fit 73
T SCRPFE AR o

AT SR 2 A8 AR B . PSRN SRR IR S L =Rk 3 RO VERT RO B 40 1 28 (CTG) 73 ) ik

T
2. HXHE
2.1. LS

WAL I — AR A Tk, EREHAMOURER RIS 3K, B “PBISEE, AL
o7, HEZOPBAE TSRS UL b BB E . KRR MU S SESRNEE, LaEmA
SN T AR o H P AR 2 D I PR B 1 -

N

dist(p.q) = (11 ~.) +(po =) ++(p, ~a,)

Hep, py g RPINEBL p,.q, 2R py g BF 0 DFIERME. & ERIEDUEAESE 3~10 208, — Rk
RWE CETUINSENREMAEE, DR & MIREER IR A L E, B8 BB RL
1 k {H.-

2.2, RERWSK
PRAT I T RAE MBI EIE 2 i SAR 2 BN T4, IR TN TRER P, B, Pk
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K%L AR TR 2 o PRI IOXE AL T A0 FTHEAT 205, R OREE BARE,  DAOR I € 70 110
PrifE, AR B ROR HE HRAE AN RAEREAT 20 ), (5 B IG a0, R BIBLE 17> X P .

2.3. XHFEEH

20 22 90 4EARA), Vapnik 55 N [S12E T Gi it 2 S BLGHR I 1 — Mol RIHLES 27 21 7 ii—SCRF I AL
N T H R SIHLAS I SEFR IR I B fe /Dy, LAGE R AU foe /M HE U D BB HE A, 573 ) B i1 SR AR 3 B8y
BT ARRZAE N #E, AT ORIIE T8 RRZEIR/N 732685 o % R B € R SCRFI LA L, XA
Al SCHF IR R, AT 2 Mercer 251 HIRZBR B ANTR], AN RIS AR SRR At el bl 7 2

3. SEBsrtR

ARSCIRPEAG O Y W B A NERVR[6], & RIET Frank and Asuncion (2010). ZEIRELE T
2126 ANWMME LA Je 23 Mg, Horb, §f 20 MEERERLE, 53 ANMEESRERE: 022 MERN
AR, F—MERNEERE, ©R— R E, HiRATIBIGEIERE, B =AKPEE
fh: 1 AGRIET, 2 AAREERL, 3 AAFRME, eimila 1655, 295, 176 MULMIEAE . A SO ARG
B RS ERAIF T 115 22 M Kappa 488 HOME SR IEAS 2 2877 I IR .

3.1. PR 3E5%

I 2 5, ¥ NSP A& FHFJiS N normal, uncertain, disease. ¥ HIGEHE, KA
77.8% MG )L IEF 1, A 13.9%MIGJLEEAAIER, HAE 3% LA AN

X LEAFAEFEAT min-max FRiEIGSE, IR K 80%IE AR I8, 20% KA /E il 4E
WA 1701 NMNZRFEA, 425 N ERE . ASCERIUR) & B9 6, HFI MR E 45 & AT Tl
W, BRAMERICAN—DZEXES, LTE 1

| w_test_pred

w_test_labels | normal | uncertain | disease | Row Total |
I 1 1 1 |

normal | 281 | 54 | 4 | 339 |

] 0.829 | 0.159 | 0.012 | 0.798 |

] 0.904 | 0.900 | 0.074 | ]

1 0.661 | 0.127 | 0.009 | I

| | 1 1 1

uncertain | 31 2| 0 | 51

1 0.600 | 0.400 | 0.000 | 0.012 |

] 0.010 | 0.033 | 0.000 | |

] 0.007 | 0.005 | 0.000 | |

I 1 1 1 |

disease | 27 | 4 | 50 | 81 |

1 0.333 | 0.049 | 0.617 | 0.191 |

1 0.087 | 0.067 | 0.926 | ]

] 0.064 | 0.009 | 0.118 | ]

| 1 1 1 1

Column Total | = x by | 60 | 54 | 425 |
] 0.732 | 0.141 | 0.127 | |

I | | | |

Figure 1. The neighbor classification result

B 1. R syREERE

fEE 1, BRI MR AEEE PR R LI 2 B 50, S — AT AR T AR AN G
JLII ROl A 4 DML IEHE B, HEMHIE AR, F 27 MRWANE A E NIEFER, XANT7 W
ERETR AT RE S R AR E S R . R AR TN A5 R S SRl R — B, A 281 MEHIE
NIEH, 2 MEHEREEL, S0 MEHIE MR, IERIHIBIR N 82.9%. B+ XaiEE, 153
VPR ZE 20N 0.3791054. IbAk, THE I Kappa Siil & M{EA:

0.664+0.09+0.115—0.732x0.198 —0.146x 0.012 — 0.122x 0.191
1-0.732x0.198-0.146x0.012-0.122x 0.191

=0.842
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3.2. REWA
FIRER, X BEIER 80%MIEIRIE NINGLE, 20%MEHE/E MR EE, MR/ A 13, WK 2.

Class specified by attribute “outcome’
Read 1701 cases (23 attributes) from undefined.data
Decision tree:

CLASS > 7:
:...CLASS <= 9: disease (95/1)
s CLASS > 9: uncertain (197/1)
CLASS <= 7:
:...CLASS <= 4: normal (920/1)
CLASS > 4:
:...CLASS <= 5: uncertain (68/3)
CLASS > S:
t...Mean > 146:
t...Min <= 69: uncertain (10)
Min > 69: normal (1l1)
Mean <= 146:
:...DP <= 0.000793651: normal (336/2)
DP > 0.000793651:
2...MSTV > 3.8: uncertain (3)
MSTIV <= 3.8:
:...Nmax > 12: uncertain (2)
Nmax <= 12:
:...CLASS <= 6: normal (38/1)
CLASS > 6:
t...FM > 0.1893204: uncerxtain (2)
FM <= 0.1893204:
2...MSTV <= 1.5: uncerxrtain (10/3)
MSTV > 1.5: normal (9)

Figure 2. Decision tree

B 2. REER

2 LS T RFM T LA 23, 365 P IO EC 7 RIS R G SR HE I 10 S 91 K L RAR A 1 vk
KA LR 7 RIS PI R . 2R CLASS KT 7 HIZRAF T, WR/NTEET 9, AR At FIWoN £, (95/1)
TN 95 MNROIFFEZRFM KA, A MR RN E . R KT 9, WHE AU, H
197 DREBIFFEILFAT R — DA R

Evaluation on training data (1701 cases):
Decision Tree

Size Errors

13 12( 0.7%) <<

(a) (b) (c) <-classified as
1310 6 (a): class normal
4 285 ? 3 (b) : class uncertain
1 94 (c): class disease

Figure 3. Confusion matrix of decision tree

3. REWBURIBER

M 3 Hfg s, BERIRE 1701 MR TSI, A 12 MRS, HHRRN 0.7%. HH 6 MIEH
Hh Pl R S B, 4 ANBEAR R R N IER, 1 BRI R e N, 1 AN R R e
BN, R FH IR R B B SR T B 1R 7y 45 R, ] 4 B

7E 425 NRREERrp, AT IER TN T 328 ASNIER, 4 A REEEL, 81 ASAIRZS, R
HEFIZE N 97.18%. XAV R HIAT 11 /N IEH R AEERL 1 DNEERIR)HAE N IES , HRXIFRA = E
oo e E AR R . IR, AR LA O B AT T s T A SRR fS . 3B R
734 0.0146011, B4k, THEF Kappa GiitEIIMEN
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0.772+0.009+0.191-0.798x0.774—0.012x0.035-0.191x0.191

=0.919
1-0.798%0.774-0.012%x0.035-0.191x0.191
| w_pred_j
w_test_j$NSP | normal | uncertain | disease | Row Total |
| | I | |
normal | 328 | 11 | 0| 339 |
| 0.772 | 0.026 | 0.000 | |
| | I | |
uncertain | 1] 4 | 0| S 1
| 0.002 | 0.009 | 0.000 | |
| | I | |
disease | 01 01 81 | 81 |
| 0.000 | 0.000 | 0.191 | |
| | I | |
Column Total | 329 | 15 | 81 | 425 |
| | | | |

Figure 4. Decision tree classification

4. RERWD KB

3.3. SVM 435%

XU REE AN 5 P I R AR — 4, A R R B R 2 AL R B R A5 2
(R A S 1 IR 5 FL SR EAT X b, A3 BRI 5 45

w_pred_svm

|
w_test_svmSNSP | normal | uncertain | disease | Row Total |
| | | | |
normal | 338 | 1] 0| 339 |
| 0.795 | 0.002 | 0.000 | |
| | | | |
uncertain | 1) 4 | 0| 1 |
| 0.002 | 0.009 | 0.000 | |
| | | | |
disease | 33 | 0| 48 | 81 |
1 0.078 | 0.000 | 0.113 | |
| | | | |
Column Total | 372 | 5| 48 | 425 |
| | | |

Figure 5. SVM classification results

[E 5. SVM S LER

WIS B, 425 TSRS, 17 338 MIERA R RIER, 4 MHERA AR, 47 48 M
R s, ERHIE A 9129%. # 33 MRANHAR AR, H 1 MEIHA N,
1 ANIER R SRR, BT XRES 3BT R 240N 0.01552904. 3L Kappa Ziif
B
0.795+0.009 +0.108 —0.798x0.88—-0.012%x0.012—-0.191x 0.108
1-0.798x0.88—0.012x0.012—-0.191x0.108

=0.680

4. &g
MR LL E AT CGT Bt s &M, RATA IS E F £ 1

Table 1. The evaluation of the three classification methods

= 1. =D EFERNFRTHIRRE

FHKITik R TR Kappa Zi it &
ABIE A 82.9% 0.3791 0.842
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Continued
YL 97.18% 0.0141 0.919
SCFEFEAL 91.29% 0.0155 0.680

M1 RT CUE TR R I i (R R SR 2 28 71 N 97.18%, HL U SCRF A ML, TR R N 91.29%,
AR ARIE 29, AN 82.9%. &l TR XIGIEE, HRIAERENFEIRZERA 0.3791, Wik
WA 0.0141, ZHRFAIENKN 0.0155. ‘EA711) Kappa Siit & MIES 5 N: 0.842, 0.919, 0.680. [F it
SR, VR R R e, PR E R AR, kappa GiitEAE R RIFH—E0E, fEsebrpE
AVT R HE AR A FH PR SRR 1 23 2K 07 Vo

SE K
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