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ABSTRACT

Automobiles have long been an essential part of daily life, but the social costs of car traffic
accidents exceed 9% of the national budget of Korea. Hence, it is necessary to establish prevention
and response system for car traffic accidents. In order to present a model that can classify and predict
the degree of injury in car traffic accidents, we used big data analysis techniques of K-nearest
neighbor, logistic regression analysis, naive bayes classifier, decision tree, and ensemble algorithm.
The performances of the models were analyzed by using the data on the nationwide traffic accidents
over the past three years. In particular, considering the difference in the number of data among the
respective injury severity levels, we used down-sampling methods for the group with a large number
of samples to enhance the accuracy of the classification of the models and then verified the statistical
significance of the models using ANOVA.

Key words : Traffic incident, Injury severity, Undersampling, Prediction model
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2]Z0]th(Yoo, 2015). A
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DATASET input variables Tree 2 value 2 predicted
: : : . value
Bagging Randomly e :
DATASET N [—>{ sample from [~ Dcoision | | Predicted
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<Fig. 2> Process of random forest analysis
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M. golg 43 2 dolg AT FA
1. HlolE =&

B AT e E2NEITHY wEHg RAYA ~RoA AlFE-E 2015 FE 2017 Abolo] A
669,287719] A= WEARL Hlo|EE o] &3t3th F 7|HelA e HolHE Y3 A9 wFALE

F1 Jou 7HEE HAFEe & vt E2auEFve] A9 449 £4S HFsn e
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3 AFAILE V|Fo R Behs LS AA 53702 MS4E 7 YA dlolE e FASH

me Bl SLoro

n

M M 3 Hlo[E M2

He A A oNA FLE v E THAE FE HSE S EE
(ACC_NO), ¢ = (latitude)$} 7 Z(longtitude) 53 Zo] B #4137 FHsitty Aos = Wy
7Vl A+ % (Attacker age) 3] 3 A H (Victim age) M= 100] T2 F7HS Uo] A3l
(Date) &= ‘d/%/%’ﬂr 2ol & BiFE FAH o l%— ‘A X (Year), “¥(Month)’, ‘¥ (Day)’Z
At AFLFE_NEF(Acc_type)= XA, AARP, AFEdE ‘7&7,4_7434_1’01 UROL B AT A
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o]t MigEA muld g AAZ HIFE HFAZ ThsAel Aokal s AASAT FEHEQL )
A2 A3 A Z(Victim injury) = %33 $12-No injury)’, “F-’341 I (Report an injury)’, ‘73-3Minor injury)’, ‘73
(Serious injury)’, ‘AF&(Death)’, ‘&<812(No info)’ &2 FEE o] Aoy B4¢lS S A9)F 5714 433
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1EE S A T2 4 F shdolth o 9, 219 FYx EF BEA F s S
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A RE WS ALDO| CiEE ol MAT olF AT

Hol o= F2 BdR Azkd o AN &9 dolHdl a3 ARIF TFE] = A A R
& 215 @ 2A7E SIS ArkKang and Cho, 2006). £ ATE AT e AW F g
SO Aol FAHAD YA Yol ALY MEE TA| Al AT E 9] 22 8343 Y
3] [e]

o)
N, FAAANI, A, Tl sld st BEXE 742 993712 AR EFZ(Undersampling) 3t E-2)

<Table 1> Data and their description

Variable Description
Year 2015 to 2017 (every year)
Month 1 to 12 (every month)
Day 1 to 31 (every day)
Time 0 to 24 (every 2 hours)
City City name(seoul/incheon/gyeonggi/daegu/busan/gwangu/jeonllanam-do etc.)
Local_name Local government name(gangnam/bukgu/)
Acc_type Accident type(Head-on collision/Collision_parking/Collison_driving etc.)
Violation Content of violation (overspeed/signal_violation/center_line etc..)
Weather sunny/rain/cloud/fog/snow
Road_typel Single lane road/Intersection road
Road_type2 on_bridge/on_intersection/in_tunnel/on_crosswalk etc..
Attacker_driving Duration of holding driver’s license(under_5/under_10/under_15/over_15)
Attacker_vehicle Vehicle types(passenger car/truck/special vehicle/van/motorcycle etc..)
Attacker_gender Male / Female
Attacker_age 0 to 90 (every 10 ages)
Attacker_drunk Drunk driving(Yes or No)
Victim_driving Duration of holding driver’s license(under_5/under_10/under_15/over_15)
Victim_vehicle Vehicle types
Victim_gender Male |/ Female
Victim_age 0 to 90 (every 10 ages)
Victim_drunk Drunk driving(Yes or No)
Victim_injury Injury level(No injury/Report an injury/Minor injury/Serious injury/Death)

<Table 2> The number of data and ratio by injury severity

Injury Severity # of data ratio
No injury 52,660 14.28%
Report an injury 9,044 2.45%
Minor injury 237,081 64.31%
Serious injury 68,903 18.96%
Death 993 0.27%
Total 368,681 100%
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ST 2 dAFollMe R AT H/HE Yl &5 3 (Confusion matrix)S ©]-83 TZFE (Sensitivity) 2}
50| = (Specificity) & AR &5 FE T2+ <Table 3>0l A|A =] gt

<Table 3> Concept of confusion matrix

True Condition
True False
Predicted True True Positive(TP) False Positive(FP)
Condition False False Negative(FN) True Negative(TN)

WEE A4 ol FTruel A5l A Foleky A5 359
grol ARFase)) Aol el ARCR alZg Aol Hee ouat & oy
ks Aol AFste] BRYSY NREN A NHES JEo

= 4 (14S 53 Atd
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it L etttk s sttt
Sensitivity = TPTFN 13)
. TN
Specificity TN+ FP (14)
4 Bd& 5A717] H8l dE TRAA TU 39 HIERE 58 HolE HrhE HolHE Ura
A ool A S50 2 4o 2 S8 AFA, Aol B G o o

g3t 10719] A= T2 dHolE J&E 2 gl AHgstg o g5 Al &
B FZE2 ol § e HYBias)E HAsetn 2o AHES Fo|y] sl 5-4 mak HS(5-Fold
Cross Validation) ]S Z—.%@Pﬁiﬁ}

<Table 4> 2704 A3 HolEnto]d 7|& o] &at] ALt 5714 ezl thgh =d ¥ 7zt
o} Bolx9 His Xﬂ/\]s}ﬁaiuﬂ AT Qb g EFUAE ov|gith ZF 9] g AE oE uisf
HEE 7L Jon R A5 miAHTE o9A st met gtk B dAFdAe 74 =
o] Fsfl AAEE dFstet] A Aes ¥ & AESE H4 wj/il¥s &2 (Hyperparameter tuning) 774
< AX AARE wAETE F 83, ol& 2 A9E H1e 4 Uit

<Table 4> ZdE 7759} Eo|x9 AAE HAFH, 6714 Ed F HAH s XY 39
7} 04452 7H 31, o E AHEHXE W’OIEHﬂO]Zi JHYAE T8 JAEG YT, K-HI2H Ol
X o2 e A8l AZErE & Ao AS XY 2E Bdo] 0732, $4Y S 2Hdd
F2-8 Rdo] 028622 T A3 HWEE e o 28 UHREE BAF oy 7} s i) 7“?‘4]
2] A

gw
Hog o £XE Holx gtt FA4) AA, FAI1Y A N5} 50295 HA e o= AR

o}m il
ol
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RHRE WESAtarof CHEh Aol MZZ of & AT
el REshy] g o s AAHY 5744 Al A4 RS dSshr]de Fervt dvka ddsidth Al
WEATE Q1T SFAY Y A A AAES Aesield W AT o Sahe And a%o) ¥F
£ B AYER dZehn Jo) hE A& 2AE Hake Aol M oo, 7122 57k ezt
T $2g VAR BRI 8] 7129 dHoly AFe ATHey nrt @) 18 /Ved gl A7tE
% mag FHauA A
<Table 4> Performance comparison for test models
Model KNN LR NB DT RF GB
Injury severity *sen. | +spec. sen. spec. sen. spec. sen. spec. sen. spec. sen. spec.
No i 0468 | 0.894 | 0488 | 0936 | 0507 | 0907 | 0529 | 0908 | 0.529 | 0.885 | 0.543 | 0.895
0 1N
oy (0.052) | (0.018) | (0.029) | (0.011) | (0.031) | (0.008) | (0.051) | (0.028) | (0.027) | (0.014) | (0.023) | (0.004)
. 0.399 | 0.761 | 0425 | 0.827 | 0477 | 0.795 | 0309 | 0.863 | 0428 | 0.831 | 0374 | 0.840
Report an injury
(0.049) | (0.032) | (0.076) | (0.037) | (0.031) | (0.014) | (0.09) | (0.046) | (0.028) | (0.019) | (0.032) | (0.014)
. . 0.335 | 0.802 | 0438 | 0.763 | 0.337 0.84 0404 | 0.789 | 0317 | 0.848 | 0.326 | 0.824
Minor injury
(0.042) | (0.033) | (0.091) | (0.058) | (0.029) | (0.019) | (0.053) | (0.039) | (0.047) | (0.017) | (0.022) | (0.016)
. . 0212 | 0.881 | 0.164 0.92 0261 | 0862 | 0.173 | 0911 | 0.197 | 0.892 | 0.286 | 0.839
Serious injury
(0.029) | (0.023) | (0.056) | (0.022) | (0.027) | (0.008) | (0.033) | (0.021) | (0.015) | (0.014) | (0.03) | (0.009)
Death 0.528 | 0.908 | 0.711 0.86 0.606 | 0.895 | 0.729 | 0.816 | 0.732 | 0.845 | 0.638 | 0.893
eal
(0.029) | (0.014) | (0.036) | (0.008) | (0.026) | (0.013) | (0.034) | (0.026) | (0.025) | (0.007) | (0.022) | (0.01)
Average sensitivity | 0.388 | 0.849 | 0445 | 0.861 | 0438 | 086 | 0429 | 0.857 | 0441 | 0.86 | 0433 | 0.858
*sen.: sensitivity; +spec.: specificity
2. 2N MAHL
%A 71ET vhel o], T2 7Y Al AAE S INE AFEAT F Aslsle A AT E
40| g sl (Minor injury)’ 2, 737 T2 T3t /35l (Intermediate injury)’, ‘AP -2 <4 Z+3H 33l (Serious
injury)’ 2R3t} Al 7HA AA4E FEol dd 2F ZAE A kA old AstA dHolEE 7Hast
o A" dolE o] Ad Az B2 |59} WL <Table 5>5 8] FAT 5 Yok AR B A
of th 29 TEHYS T FHULE o5 mAS FHIE 2% SYsl Adsgon mUe) by
A2l Asg sl AEE i BE3IFE 10032 A 218t <Table 6> 1 AZA, 7+ =
29 77ES BolEE A & ok
<Table 5> The number of data and ratio by reclassified injury severity level
Injury severity # of data ratio
Minor injury 61,704 16.74%
Intermediate injury 305,984 82.99%
Serious Injury 993 0.27%
Total 368,681 100%
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<Table 6> Performance comparison for test models

Model KNN LR NB DT RF GB
Injury severity *sen. | +spec. | sen. spec. sen. Spec. sen. spec. sen. spec. sen. spec.
0.561 | 0.807 | 0488 | 0.924 0.60 0.836 | 0412 | 0.851 | 0.586 | 0.846 | 0.611 | 0.825
©0.045) | (003) | (0.047) | (0.02) | (0.035) | (0.015) | (0.071) | (0.035) | (0.036) | (0.018) | (0.035) | (0.017)
0.583 | 0.722 | 0.687 | 0.702 | 0.570 | 0.747 | 0.665 | 0.765 | 0.551 | 0.785 | 0.539 | 0.773
0.043) | 0.027) | (0.045) | (0.027) | (0.03) | (0.021) | (0.05) | (0.033) | (0.034) | (0.02) | (0.033) | (0.018)
0.666 | 0.836 | 0.788 | 0.855 | 0.726 | 0.864 | 0.799 | 0.836 | 0.794 | 0.835 | 0.773 | 0.835
0.025) | (0.016) | (0.026) | (0.018) | (0.028) | (0.015) | (0.036) | (0.023) | (0.025) | (0.017) | (0.025) | (0.017)
Average sensitivity | 0.603 | 0.788 | 0.655 | 0.827 | 0.632 | 0.816 | 0.625 | 0.817 | 0.644 | 0.822 | 0.641 | 0.811

*sen.: sensitivity; +spec.: specificity

Minor injury

Intermediate injury

Serious Injury

<Table 6>°l AAE AFE BHE AAAQ A5 SHAM ZX2F IARA Y WE7) 06552 /M %
= YAAAYE ndo] Az A S 80%9l 717E N EE o 238y

Fakar, N sl el oA =]
Vg U AeS Btk 83 3 A Sl EA2E 3 EA 0, AuF el HHAE
FoE] ol 71 & Aes BAFA ole V€Y 574 Bl FEs ol8dte] o &% AET AA
Ao g A FE Ao A LNF BT TFIAe] Z AE AACl HAT HolHE AR o
2 BEsly Aoz ndo] 4= A5 YL & UdSS @maw

o] YFS nAE F8 HFE Yolry] 93 LR, DT, RF 228 o] &3l A9 10719 F2 A4S
<Table 7>°l YERHATE. TefjateFo] 5-8Xk(victim_vehicle_3)%! 74-9- E%‘fﬂl FEfol T E dEFE Fe
Aoz Yehta, vt £ 7 Ao o] F(vehicle_6)d A$-ol= g8 A=l 2 4TS FE AL
2 Yehgth mdol| FaAstA Awrz oz AFEAT Add HeySo] wEA A Azxe] F23 o
g mxH, o]l % FUA W (violation_8), T 3NAL}o](victim_age_70)$} S =2 o] &2 EA W9}
;qo:léx-l oﬂ sﬂ%—o—}% /“]%(Clty_9 ‘:o] }\I-EHN 7_}'-\: oﬂ:'_\:l 1:4L€ ‘5.}-{%6‘]— 3o 3} Q

HAH Oz, 49 Fo WrE] A4S Bl 2R 9FIL FAT 5 901} =K
3 Yol AT, Hol FuelE S0l WS FAE YL F o= B

<Table 7> Top 10 variables for Injury severity prediction models

Var imp LR DT RF
1 victim_vehicle_3 victim_vehicle_3 victim_vehicle_3
2 victim_vehicle_6 victim_vehicle_4 victim_vehicle_6
3 attacker_vehicle_6 victim_vehicle_9 attacker_vehicle_6
4 victim_vehicle_4 attacker_vehicle_6 attacker_vehicle_9
5 attacker_vehicle_3 victim_vehicle_6 victim_age_70
6 attacker_vehicle_9 attacker_vehicle_5 attacker_vehicle_3
7 victim_age_70 viloation_8 victim_vehicle_4
8 victim_vehicle_5 victim_vehicle_5 victim_vehicle_5
9 violation_8 attacker_vehicle_9 attacker_vehicle_5
10 attacker_vehicle_5 violation_1 city_9
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<Table 6> AAHE, 7+ 29 B8 FF9 zolE R1etr] 3l E4HEA (Analysis of variance; ANOVA)<
P3a . EAHEA Y] A A A ol A' FHES vwsy] Y3 AHEEE BAY Vo= AR

ANA B AATY o dE AAAY Bd b AT Aolrt EAlEEA gelstr] Al AETh webA &

AHEAE Zgsr] S Joe Heto]l FYsithe MAE Al FoFET 12 S-E(probability value;
pvalue)= Hlmste] ok 7k W] o] RS Fadth £ AFdA= 7HAEAA A fFoerES 0052
ARt

ZAn gk Adsfoll thall EAHEA AE <Table 8>l Attt o] AAE B, pvalueZt 00 7M7HS]
O FE 5%stolA B W Aug Al dSo] tigk A5 Aot dthe 2ES 4 T AT FUHHoE,
Zh Rl A HlaE 93l B 7](Tukey) HH S ©]-&3t3T <Table 9>+ 1 A#EA, A% Hlue 7|&

= model(i)9} Bl /4 model()e] B2 ZFol(diff), 95% A& F7tll thgh “d3hupper)& 3}gHlower),
o FE(pvalue) S BAETh o] AFANHE Fo|gEL ZF 09 779 =E 7h *4bx}°19} 9 FAE
A = Ut &, GB Bdo] Av|g g 71 & 5313 RF B20] 502 $2 A5S HAF
A

<Table 8> ANOVA table for the case of minor injury

Source of variation SS df MS F p-value
Treatment 3.016 5 0.6031 280 2e-16
Residual 1.280 594 0.0022
Total 4.296 599
- SS : Total sum of square - df : degree of freedom
- MS : Mean square - F : F statistic

<Table 9> Tukey’s honestly significant difference test for the case of minor injury

model(i) model(j) diff 95% confidence interval p-value
lower upper
LR 0.072 0.054 0.091 4.79E-10
NB -0.039 -0.058 -0.020 3.00E-01
KNN DT 0.148 0.13 0.167 6.08E-08
RF -0.026 -0.044 -0.007 4.79E-10
GB -0.051 -0.069 -0.032 0.503
NB -0.112 -0.130 -0.093 4.79E-10
DT 0.076 0.057 0.095 4.79E-10
LR RF -0.098 -0.117 -0.079 4.79E-10
GB -0.123 -0.142 -0.104 4.79E-10
DT 0.188 0.169 0.206 1.53E-3
NB RF 0.014 -0.005 0.032 4.79E-10
GB -0.011 -0.030 0.007 0.002
RF -0.174 -0.193 -0.155 4.79E-10
T GB -0.199 -0.218 -0.18 4.8E-10
RF GB -0.025 -0.044 -0.006 4.79E-10
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<Table 10>= S3F dallol thh E424 AazA Zd 3 Asd Ao/t dves 488 FSES &
3 9 % Tk <Table 11> }i%*—? AYstel A& Az FHAE TP 2 Sk 2SRl
g A3 LREDC] 7P et on DTRYE0] 502 953 Aes ot
<Table 10> Results of ANOVA table for the case of Intermediate injury
Source of variation SS df MS F p-value
Treatment 1.9058 5 0.3812 241.8 2e-16
Residual 0.9363 594 0.0016
Total 2.8421 599
- SS : Total sum of square - df : degree of freedom
© MS : Mean square - F : F statistic
<Table 11> Tukey’s honestly significant difference test for the case of Intermediate injury
95% confidence interval
model(i) model(j) diff p-value
lower upper
LR -0.104 -0.120 -0.088 4.79E-10
NB 0.013 -0.003 0.029 1.63E-01
KNN DT -0.082 -0.098 -0.065 4.79E-10
RF 0.032 0.016 0.048 2.98E-07
GB 0.044 0.028 0.060 4.80E-10
NB 0.118 0.102 0.134 4.79E-10
IR DT 0.023 0.007 0.039 8.07E-04
RF 0.136 0.120 0.152 4.79E-10
GB 0.148 0.132 0.164 4.79E-10
DT -0.095 -0.111 -0.079 4.79E-10
NB RF 0.019 0.003 0.035 1.28E-02
GB 0.030 0.014 0.046 1.62E-06
RF 0.113 0.097 0.130 4.79E-10
bt GB 0.125 0.109 0.141 4.79E-10
RF GB 0.012 -0.004 0.028 3.04E-01
<Table 12> AZtek dsfo] ot B4HEA A=, o] Fd= Bd 1t 4% Ao|rt as 1T &
Atk =S <Table 13>9] AFSEA AAE B 42 Adle] 43¢ LREEDY DTEH S 2o 0012 v-$-
A3 §21380] 00822 F)5E 005 SholA BAHORE A% Holrh Ackm & & Tk AT 1
akel 2ko] 0,013} <Table 6>9) A%5AkolE WAL W) A2 431 ol Zsher] DIRWo| IREY B}

Thas -9l ltta Sate.
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<Table 12> ANOVA table for the case of serious injury

Source of variation SS df MS F p-value
Treatment 1.3521 5 0.27042 351.6 2e-16
Residual 0.4568 594 0.00077
Total 0.3442 599
- SS : Total sum of square - df : degree of freedom
- MS : Mean square - F : F statistic

<Table 13> Tukey’s honestly significant difference test for models of serious injury

model(i) model(j) diff 95% confidence interval p-value
lower upper
LR -0.122 -0.133 -0.111 4.79E-10
NB -0.060 -0.071 -0.049 4.79E-10
KNN DT -0.132 -0.144 -0.121 4.79E-10
RF -0.127 -0.139 -0.116 4.79E-10
GB -0.107 -0.119 -0.096 4.79E-10
NB 0.062 0.051 0.073 4.79E-10
DT -0.010 -0.022 0.001 0.082
R RF -0.005 -0.017 0.006 0.740
GB 0.015 0.003 0.026 0.003
DT -0.073 -0.084 -0.061 4.79E-10
NB RF -0.068 -0.079 -0.056 4.79E-10
GB -0.048 -0.059 -0.036 4.79E-10
RF 0.005 -0.006 0.016 0.789
Pt GB 0.025 0.014 0.036 5.06E-09
RF GB 0.020 0.009 0.031 6.37E-06
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Woigk A5E &8st Il wEALL, 1 F A 2 7He] AL HolHE o] &a sl AAEE A=
g & e WS AR 7 38 A4 E 2 21 dolE ol Zolrt gl FEII BESUL B
< a5 tEiAE FAEESFZ(Undersampling) S Al3Ye 7F2d], 2 AL A Ao 855 A3}
7] 918l 5714 AT E FEoE BRE volHE 37HA £F AAR WAs £AE AR s 2, 4
= Az T s AT T Ut

oz, Al 74A] sl Azt =l tig BAHEA I AR RS Fe Ay GB Bdlo] A g 7
Z &3t o Fd8l= LR Edo], AZtg sl DT 2] 48 A5e BTt B AT o)A
© T34 dEFe 2HE 2ol YA, oy AFATY} A AAEY FAEE 18T o 6714
g F DT o] A3 445 dFo) 7P Addhs & o Utk =3, 2l & F= Fa d
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B AT IV 71F o2 HE AFHk 201595 20179 S DA oF 679 A A= wEALAL Ho]
HE o] &3] Ul mEA A4S WG sl AAE dF 2d s ARdoE HolA onE 7zt
O s 2 7HA AR A, A, Al AAE ke FEo] BES oAl 7HA Al A4 E R/ &
AE Al 7HAR vpto] 2geter] wo] Bt A &7 35S Zdthe Holth A4, AZe Al
A 799%S e =& UUAEE BEou, AR A, <5 Al FP29 UdEE 60%UE tha
o Hiss Ho A nEAlL @A F83H=d i okal ol Ut

G5 AT AAZ AeFe] ABAR AF S5, HHEE ZFgojR T3 22 s AAEE TE AE b
o Aol AAAR TS & F v WFEo| F/HHLE sFETH A IR E P 2D AT
o] 7bsd Ao At ES 4 A9 wE F AgHQd EAH #HE FUH A5E o] &F A5 A
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