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Abstract

So far, there is no technique of quantitative evaluation on danger related to
industrial accidents. Therefore, as an endeavor for obtaining technique of
guantitative evaluation, this study presents feature analysis of industrial accidents
in manufacturing field using QUEST algorithm. In order to analyze feature of
industrial accidents, a retrospective analysis was performed in 10,536 subjects
(10,313 injured people, 223 deaths). The sample for this work chosen from data
related to manufacturing businesses during three years (2002~ 2004) in Korea. The
analysis results were very informative since those enable us to know the most
important variables such as occurrence type, company size, and occurrence time
which can affect injured people. Also, it is found that classification using QUEST
algorithm which was performed in this study is very reliable.
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£ =EdA AL diol" Al 2002 HE 2004d 7HA] A AR FY_EE
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2.1 Decision Tree
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2.2 QUEST Algorithm

QUEST(Quick Unbiased Efficient Statistical Tree){1][7][81= C45%} wlz7tx =2 o
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3. 2423
3.1 dlolE &4

g Aol AFE < E 1 >9 HolHE QUEST ¢ EFE o859 33 A3

S <ag 1 >3 2L EF7 AHNUY Q8 F FEY #AFS AHE A E
AE Y437 A 21166%04 Eg/t € F 1.6420% A ¢ 26% 2 LEF &
Z2FE BAth 283 F 309 == F AW Mg NES ¥ ==& F 570
9] x=(Node 4, Node 7, Node 9, Node 16, 18] Node 25)2 uetwtch. 24z A%
A2 HEE Node 47 100%, Node 7°] 100%, Node 97} 56.10%, Node 169
67.86% 121 Node 257} 100%= VtE}wic),

Injured Type

pvahie=0.0000:F=727 726 2:d=9,0

Type of Occurrence
Pneumoconiosis Other
. I I
p-vahxe=0,0000zl-‘=157.218’71df=3,0 p-value=0.0000:F=319.6954,df=8,0
Injured Time Tyre of Occurrence
™
12~14, 0~2 10~12, 8~10 Traffic. Crash: Occupational Other]
| | 1
p-value=0.0000:F =118 5484: =10 prvahie=0.0000F =408 0740:d=11,0
. Injured Time v Company Size
12~14 0~2 500~999, 200~299 1~199, 300~499. over 1,000

pvalue=0.0000:F=41,0000:df=50
Injured Time

16

2~4, 6~8 0~2, 4~6, 8~0

p-valie=0.0000.F=28.0000.df=30 -
Injured Time ‘

%

14~16, 10~12] 16~18, 8~10°

< a9g1 > Ed 84 4%
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3.2 9] % (Gains Chart) ¥4

< £ 2 > Gains Chart

Node-by-Node Cumul&tive

Node | Node (n) Res (n) Res (%) Gain (%) Index (%) | Node (n) Res (n) Res (%) Gain (%)  Index (%)

25 11 11 4.93 100.00 4,724.66 11 11 493 100.00 4,727.66
7 20 20 8.97 100.00 4,724.66 31 31 1390  100.00 4,724.66
4 19 19 8.52 100.00 4,724.66 50 50 2242 100.00 472466

26 17 8 359 47.06 o 2,223.37 67 58 26.01 86.57 4,090.01

21 15 5 2.24 33.33 1,574.89 82 63 2825 76.83 3,629.92

27 117 36 16.14 30.77 1,453.74 199 99 44.39 4975 2,350.46

24 116 0 0.00 0.00 0.00 10,452 223 100.00 2.13 100.80

12 84 0 0.00 0.00 0.00 10,536 223 100.00 212 100.00

qALAA YT s AAHE oldZE;E A FE Y} AFEME A
AHEE F 2tk < § 2 >4 B £ e ure %_}Ol OldEEE x

E¥Fo gt Hx v HA H&E 2 =89 W JERE

AA == F AbE Asixte] diEte sy %v&ag Holg xEE
7, 281 % 4olth. x= 25 4E F 11709 dolH F g£do] 1IAER 100%2]
B $HES Holx, =E 73 =E 4oM% 100%2] AT $HEES Bt
Index= A © 1E1 A A% dlolg ul&H g =9 A dHlo]g uvl&o] &
uhu ztol g HolestE HlastE FAojth xE 25 xE 7, IR kE 49 A4
AA dole Ao ALF dlolg] nl&F vlms] oF 47v)Y] v & & BAYE AE & F
Ak £& = 269 FE o 40wl HEE HolE AL ¥ F U

£ oldx g AbAAC ul¢ FY% ARE Frh EE, v & AEs
E(miohe] Wad ARt Wig FAHe) I8 F & ,,lt} Z AH =ToA E
wxEo B %2 HF Bz AFY AUNE A W, BAd "o n==gu
AR B, dF & 5 Jvie Aolth & E9], FHojx 70%9] AL A
&8 Hristn doxn ZEAEA 22E 49 < ® 2 >9 o|dEEAAM Gain (%)7}
NW%E dv == 21, 26,4, 7, 257F ¥ x==7F @}
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g5 JAARUTE FHIEH AMEE o o Qo FAFAE vrA g A
AEgste BHBAS U Ee Ao, o Ao RIS FEIed AHEHE A8
2¥FZ% AF(Training Data)d} 31, doj2 Ao HEs e ARE 287
A& (Testing Data)gbil gk vEF Ry 3% zpg o A Aozl AFrs 284
AaqME Hold A5 & Hole Afds ZFEE AuEAINA He Aot .
2 =fdAE TS 259 REPF A8 BB HUE st 47 v & s
50% : 50%2 44 e sgen, 2 23 R¥TE g ERE 5266702, Y3
BEE BEL 521078 £% @ AL & Ak, EHEFE (a8 A -‘%’z}%
515970, Abge]l 107/h0lx, R¥AF A8 EEE Riao] 515471, Aol 116742 £
5. Egd HolHE HEeE RI¥TH ARY ER¥HF ARE vlud A
g < ¥ 3 >3 o] UEwt 9714 FYE(Accuracy)9 T7HE (Sensitivity) el 7

S 2ETEF A8 ZHEPFT AEAA oF 0.2%9] n|u @ AolE BHUh EF -'fr°]E
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< ¥ 3 > Training Data Sample®} Testing Data Sample H] ¥

Accuracy (%) Sensitivity (%) Specificity (96)
Training 98.4049 98.5460 79.4872
Testing 98.2008 98.3776 " 75.6098

34 3zELFA

W AHeb3 4 (Cross-Validation)[12) B7he ol shie] F9e AP g UniA 2
28 7HAL YL T AFHoz iy EY S T HE Rojoh 2YF
Zo] BUR kel 9¥e HWFL ANSND o8 AEIH Brol @ 94Y 34
Az Agste Aolth o9 & PAe AABIY Hrtd A4 AY FANE A4
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' Aolth, olgh ze WA uAetFY BrtE k-Fold LAEZA Frtgn @k
RN 2AEFH H7HE 98t 10-Fold Zxtet3A H7He AAsdch
aRedy F7h Ao g < E 4 >o4 BE vl Zol 7& 2y QEF &
€3 10-Fold TAEZY LEF &89 Ao/t A9 glenz I4Y =t v
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< ¥ 4 > Cross-Validation 23}

Re-Substitution (%) | Cross-Validation (%)
Risk Estimate 1.6419 1.6230
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QUEST ¢x1d85< °l%5}°°1 EfE FAT 274 < 29 1 >AM B 5 ARl A

3 AsAte] NES B A4E BAY 4+ ARXD. Node 252 A$ AL A 9
Ego] 10024, A3 wg Fej7t LA, %a, Hgoln, 5 TR} 2009~
29991, 50021 ~999210] 5, A3 AZko] OA|~2417, 4N ~6X17, 8~ 12A74X 2 e

S Node 78] 29 A A NEgo] 100%24, B4 Gzt Asjelx A A
Zto] 1240014 144 Abeldl A& @ & Utk EF Node 49 A$ AF AsA WE
0] 100%24, 2AFEsE AT, As) Aztol 8A~1041%, 104~ 12NF L2 1
ehat e, | |
Y48 E27t dvhd BgYe AAEtE AFE7] e BYTE Az B
A% A2 HAE A B A% < E 3 >4 B 4 250 RY75e S4E 28
B @ 984049%, THE @ 985460%, SolT @ 79.4872%)# RFHF A HAL
FE(HIYE : 98.2008%, NAE @ 98.3776%, S°ol% : 75.6098%) =tol7t AL UAU
onz Byt B$BE 4 Jon, Y48 28 Yussslde FEsdn Be
Hojdth £9 ZAHIH BF AT < K 4 >4 B £ 350 759 mye o
25 283 wARGY QBF B8 Aol 002%2 ohS vEE g HATh
Webd AR 43 23 YYY EIE Qussrld 3Eeve 222 UR
% 9tk

5. 48 % FFA7
B =RAE AEARUT JMe & YnFA QUESTE ol8stel 334 9

B WADE $AT ARGAAY HdAN] A SHS BAsATL Y dn
AzAAN S Al HF 2 gL pAE W5 TYYHRE BFAus
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20091~29991, 50021 ~991Y ¢ A Aol 104 ~1247, 14~ 16AH L) Apz
AsiAre] B MEFo] WS L AL ¢ & YN o)A =ARA Azl g}

4 EREstE #Esr] At 23S Aue R¥HS A8E MnY AR 2 =
TN FHE Ele IR BREE BT ¥ e 2F AH 9A FF
¥ 2R IAETY LEF &89 Aot A flemz I4d EfE 4

g AN HolHE uFoz JNBHYT FnIEE,
243t oe X & JWEe wasd 713 5

Aol 31, 239 AFAol & dnYFE AAs A e

o

[1] 30, &4, JAZAYE 2712 2ueZd B8 A7, AAvetn A
¥ =8, 2004, pp.1-19.

2] 2%E, “s-guvat AdAH BAS 0|48 AL AN AT ALY,
e Mg =E, pp. 40760, 1998.

(3] =35, AAANEZFEA, 2004.

[4] Cezary Z. Janikow, "Fuzzy Decision Trees : Issues and Methods”, IEEE
Transactoins on Systems, Man, and Cybernetics-Part B : Cybernetics, Vol. 28,
No. 1, Feb, 1998.

[5] Chen, Y. L., Hsu, C. L, & Chou, S. C., "Constructing a multi-valued and
multi-labeled decision tree”, Expert Systems with Applications, 25(2),
pp.199-209, 2003.

(6] Chou, P. A., "Optimal partitioning for classification and regression trees”, IEEE
Transactions on Pattern Analysis and machine Intelligence, 12, pp.340-354,
1991.

[71 F. Berzal, iet al, "On the quest of easy-to-understand splitting rulws”, Data
and Knowledge Engineering”, Vol. 44, pp. 31-48, 2003

[8] Ho, S.H., Jee, S.H,, Lee, JE, Park, ].S., "Analysis on risk factors for cervical
cancer using indication technique”, Expert Systems with Applications, 27, pp.
97-105, 2004.

[9] Jinlu Kuang & Soonhie Tan., “GPS-based attitude determination of gyrostat
satellite by quaternion estimation algorithms”, Acta Astronautica Vol. 51, No.11,
pp.743-759, 2002. ' ' '



& A 7 B 5t A A 84 Al 2 3 20063 49 59

[11] R. Godin, R. Missaoui, "An incremental concept formation approach for
learning from databases”, Theoret. Comput. Sci. 133, pp. 387~ 419, 1994

[12] Weiss, S. M., Kulikowski C. A., Computer Systems That learn, Morgan
Kaufmann, San Mateo, CA, 1991.

A A3 A A

QG E o AAdETAA A, AAEE ASHAL, 1% G UG 1
Al 2dEstat A FEEALE FH S5 0, vl ARRI (Automation and
Robotics Research Institute) G722l AdAFY @ AFuFE AAH &
Ae Zedsty AdEed Fusz A&7 Foln.

F g A dA ZE5ggn 443y gdd urtd Ao AE Foln FAEole
Ubiquitous System, ¥18]& &4 2 &8 Folg.



