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Analysis of Incident Impact Factors and Development of
SMOGN-DNN Model for Prediction of Incident Clearance Time
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ABSTRACT

Predicting the incident clearance time is important for eliminating the high transportation costs and
congestion from non-repetitive congestion caused by incidents. In this study, the factors influencing
the clearance time suitable for domestic road conditions were analyzed, using a training dataset for
predicting the incident clearance time using artificial neural networks. In a previous study, the
under-prediction problem for high incident clearance time was used. In the present study,
over-sampling training data applied using the SMOGN technique was obtained and applied to the
model as a solution. As a result, the DNN model applying the SMOGN technique could compensate
for the limitations of the previously developed prediction model by predicting the clearance time with
the highest accuracy among the models developed in the research process with MAE = 18.3 minutes.
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<Fig. 1> Definition of Incident Duration
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<Table 1> Summary of Traffic incident duration prediction studies in South Korea

Paper Data Thelnl\cl?:elr]?: of Method Category Accuracy
Han, 2001 USA, Washington 395 incidents Regression model R-Squared : 0.882
Shin and Kim, 2002 | Gyeongbu Expressway 168 incidents | Regression model MAE : 7.7 minutes
Kim, 2005 Seoul Urban Highway 960 incidents Decision Tree Mean, IQR

Original Value : 95 minutes
Expected Value : 89.5119.24 minutes

Lee et al, 2015 Korean Expressway 60,473 incidents | KNN Algorithm MAE : 14 minutes

Ha, 2010 Gyeongbu Expressway 2,060 incidents Decision Tree
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e s 2o ARl APr o] JRE B o2 Yo, &5 FWE 3835le] 30km/hr] T A A,
30km/h©]’¢ 50km/hm]TH A A|, 50km/ho] 32 AEE FES AFAH 28-S AR oo = 78+
Zo Uizt 142 JYZ, JAEZ, gddA | g8 JellFE 287 ald 2271 Y222 dohg @

oAA A=A ek ZHS BASHAH

AARE ZHFE9] 7S <Table 259 @ﬂﬁ A
tolHE FXgor Hashs HH L
%1 3% (One-Hot Encoding)” |- —7F7]' ‘%O}@‘/F% -&]
g ZRen o]& A&tk UmA Zydls 4 HEnin £9E
Q1 F % (Label Encoding)dH-& 2-83]|FUth
<Table 3>3} <Table 4>2] ®o} o] Z+ W S48 A Agte] B9} 4aaA £
% 82 tE sl vls) 2248 AAt o =

2ol z+ r:]] ]H EAd A olmy WS 285t

3 flolg] Wslte] 7} HHA O Z AR E =
¢Hl o] E{(sparse data)7} E& T3
W2 % 98 W A AH8EE ol

=
N
-st

te do o o
o
30,
2
b

dage g BRPAo] ohd FHUTle BAS 24 482 AL J5he oz o)
o] Y S FAAINA Wm, AR mdo] o 47 WS 1 WAE 4T F Y= Aol Yol ol
we} S9dE 8 Zdols o 73 7S E A4S 57] 98l el Q Z W (Target Encoding)32]S &
&3kt

<Table 2> Columns for Predicting Incident Clearance Time

Feature Column Type Unit Encoding Method
Clearance Time Clearance Time Numeric minute -
Lane Closures Closure_Lane Categorical 1~4 Label Encoding
i trol, ambul fi
Vehicles police, patro, am u?nce, ire_truck, Numeric Number of vehicles -
. tow_truck, cleaning_car, etc
reach the site - -
total_cars Numeric Number of vehicles -
. 1 = weekday .
Day of Week 1 1 En
ay of Wee day_cat Categorica 2 = weekend Label Encoding
. . 1 = Non-C ti .
Time of Day hour_cat Categorical on-ongestion Label Encoding
2 = Congestion
Average of
Incident Type incident_type_target Numeric Incident Clearance Time | Target Encoding
of Incident Type
roadway type confluence, fractionation, tennel Categorical 0, 1 One-Hot Encoding
Distance from Approach access Numeric Number of Section -
Road
speed Numeric km/h -
speed_upstream Numeric km/h -
| i hicl he -
Traffic Flow Conditions volume Numeric velicles per fowr
volume_upstream Numeric vehicles per hour -
traffic_status Categorical 1 = smooth, 2 B Delay Label Encoding
3 = Congestion
1= 2 = rai
Environmental conditions weather Categorical S;Hily;now ram Label Encoding
50  Pr=TSYR| =27 207, M4=2(20214 89)
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<Table 3> Summary of Incident Clearance Time by Features  <Table 4> Correlation of Independent Variables with Target Variable

Column Features count | sum mean std . total ; incident
broken | 3995 | 92389 | 23.126 | 18333 | | Variables | | police | tow truck | oy
crash 3815 | 74214 | 19433 [ 15387 | £ 3o | 02 | osel oa1s

Incident clash 133 | 4477 | 33.662 | 23339 omelation | ; : ;

T i . . . i .
- e falling 28 1838 | 65.643 | 53465 Variables | ambulance cleaning fire_truck falling
fire 16 | 772 | 4825 | 35311 _car
rollover 16 | 747 | 46.688 | 26361 | | copelation| 0203 | 0201 | 0.189 0.146
Lane 3 4282 | 97545 | 22.780 | 18.465
Lane Lane 2 1315 | 25561 | 19438 | 15223 | | Variables | speed | clash | "Aie- | speed
Closures |  Lane 1 2201 | 44131 | 20.050 | 15.950 status upstream
2 Lanes 205 | 7200 | 35.122 | 29.100 | |Correlation | 0.094 | 0086 | 0082 0.078
" Congestion | 1456 | 28599 | 19.642 | 15.013 ol
tr? mcs Delay 1969 | 40053 [ 20342 | 16884 | | Variables | broken |~ fie | fractionation
- smooth 4578 | 105785 | 23.107 | 18.949
weekday 7141 | 156037 | 21.851 | 17.920 Correlation 0.074 0.072 0.066 0.063
day_cat
weekend 862 | 18400 | 21.356 | 17.318 Variables rollover patrol etc incident_type
Non-Congestion | 4360 | 99037 | 22.715 | 19.011
hour_cat [ —nesTOl Correlation| 0062 | 0.055 | 0048 0.018
Congestion | 3643 | 75400 | 20.697 | 16.300
confluen 0 6194 | 130669 | 21.096 | 17.179 Variables | weather | access | day_cat day
ce 1 1809 | 43768 | 24.195 | 19.818 Correlation 0 -0.005 -0.009 -0.013
fractiona 0 4113 | 85181 | 20.710 | 17.929 g ,
tion 1 3800 | 89256 | 22.945 | 17.708 | | Variables E:Em- hour | hour_cat | o ‘;me-
el 0 4999 | 116515 | 23.308 | 18318 ¢ upstream
enne 1 3004 | 57922 | 19282 | 16761 | |Correlation | -0.019 | -0.044 | -0.056 0.107
sunny 7376 | 160646 | 21.780 | 17.660 | | variables | tomnel | crash | volume
weather rain 335 7598 | 22.681 | 20.291 -
p— 292 | 6193 | 21200 | 19.737 | |Corelation | 0109 | -0.125 | -0.136
<Fig. 2>& 2 W49 S48 Jgazte] BxS el Jg ot} vilgyS S8t A4F bo)
HE =8 39 AFEEE 2 to]gr} o) olt). stxut B4 W9 dHole7} RE3to| ule} 3
Zo 2 29X FHZ o] = tlolH e A9 o= Aoz FAZHA &S 712 5 v dHA
SIT}. <Fig. 29 o] B AelAzto] Fol A4 vlolE] 47} A HadAL WelE nolH A%
2o 2= 259 & 5 o] HH et AWz HolE ] skl ojEgo] L, o= A=} U
obd 7540l S Elstith
e e
0 75
=t I L8
Em g QBE
0 3 ® )
- P 1]
5¢
= ® s
"3 ] 3 = ] E] 5 & a3 ) o) &0 50
Cleaiance Tima. Cleaiance Timz ClkaaxeTime

<Fig. 2> Distribution of Incident Clearance Time by Level
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3) Cl|o[E] 2u{MEE

2 AFoAE o€ ARy} B wel EFyazl vloly Exo EAE 4st7] 93 SMOGN
(Synthetic Minority Over-Sampling Technique for Regression with Gaussian Noise)”| & 283l 7S WA
712 gomA &g HolHrl HZE SHAZEY ulolHE AMESItH(Paula et al, 2017). ST 7IHS
Gaussian Noise®| 7] gjo] we} 7|E HolHE JEA7A ouA At 42 = Ae H9lY vl
v FA2A711, 4 F8E g e & dHolH HAY HolHe SEAATFE SHAER 7ol o=
o] M (Python) holBelg] FE|E A F= ™, smoterd<+2] advanced modeE AH&3te] AZHIAE 44 vo]
B ol Wejol Ay we MED S sE A dg AR eSS TR AR FATE ARIA
AR FAA AFE SHAET tlolE 9 = FHE BlwstaA o W] AR E AR om, o] w
2t 034622 7H W& % gk 7HA & dlolErF AAFH A

2

2. SLYE NAIZH o F 2 i

E AFA = 71& dHolEle} SMOGN7H & A48 2HAIEY HolE = 2714 dlolHAl& st &
S5 gl tigk AHE 15 f8] LHAEH S A ¥ HolHE F5E R QHAEY o]
& AE43% 2d yrlel nd 71o] HjwE 15‘5‘]-%13]- QAF2174 % A9l ANN(Artificial Neural Network)3}
DNN(Deep Neural Network) &S 7535190 2 H7lol= MAEMean Absolute Error), RMSE(Root Mean
Square Error), R-Squared A& ARESIGITE Edo] ofg] 714 sto|#ateny =4S T3l 95 ALLrt
2 2dS M) A A3 A FRSATh AT AHEE Aol o] (Python) 3.8.3H F o],
241913 Bl EZ 9(Tensorflow) ZH U 22] Keras APIV} 2@ F=of ARSE ST

o o
)

1) LdlolE 7=

dgeelE 7= NN t%]o]Eigl BRgos <l =
<Table 5>%} Zo] 304 W|RHe] W5, 30 o)/ 602 wRke] F3t, 608 o1l =
Zt SAEE AT & Hol % %%EH AGg dolel g 3, 4%, H2ERA A8t of
oA AW SHAET 7S A8 & I
At SHAEY ZIHe AA dolH T g 3 A ElolE AR A8stl
olf I & 7|& 2 eHAlEY Bl FY

1ok

2) olE AlAEg = P&
E Ao 718 HolHE &3 Simple-ANNEZ 3} Simple- DNNE Y-S 733513, SMOGN7 RS &
3 AT oAIZE blolEE 283 SMOGN-ANNEZE 7 SMOGN-DNNEH-S 72314t ANNEE 9

79 [32, 64, 128, 256, 512, 1028, 2056]] == 2, [500, 1000, 2000, 3000]2] 314 &l%(epoch), [0.01, 0.001,
0.0001]9] SFEol i3k 499 45 A3 on, DNNED | 7o+ [[32,32], [64,64], [128, 128], [256, 256],
(512, 512, [1028, 1028]]2] =T 2=, [500, 1000, 2000]¢] 1< 312 [0.01, 0.001, 0.0001]¢] H5E. [0.01, 0.1,
0219 EFokzel et Ao 5 AX HF stolHaer|ElE AU 758 EdoE Adam HF
3} 8h49} ReLu(Rectified linear unit) A3} ¥+E ALY T
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<Table 5> Shape of Dataset <Table 6> Comparison of Worst&Best Models with Hyperparameter
clearance | raw data.set Model Dense | Epoch g Dropout . . | RMSE R-Squ
dataset time level | dataset applied Rate (min) ared
1me feve 1 sSMoGN Simple-ANN | [512] | 3000 | 0.1 - [36.75] 4639 | 2.36
. low | 5493 | 2362 Simple-DNN (128} 5000 | 001 001 [2625]| 35.11 | -0.93
A edian | 1301 | 1874 | | Worst 128]
dataset SMOGN-ANN | [128] | 2000 | 0.01 - [3133] 4108 | -1.64
high 316 | 2027 512
ot | ow 610 67 SMOGN-DNN | £\ | 500 | 001 001 [23.86| 31.83 | -0.58
on | median | 145 210 Simple-ANN | [32] | 1000 | 0.0001 - 1879 2557 | -0.02
dataset | high 28 225 Simple-DNN [66;‘]’ 500 | 0001 | 01 |17.97| 2453 | 006
ot | 6 62 Best "SMOGN-ANN | [128] | 500 | 00001 | - |18.72| 2429 | 008
dataset median 76 76 [64,
tigh p ” SMOGN-DNN | (| 500 | 00001 | 001 | 183 | 2352 | 0.4
V. 9+ 23
S 28 93] <Table 6> Zo] 714 =& 93 7S 7MA FHstedyg 714 v

Zt R o & Agx B4
o2 #HE VM Hurde nusign. 2de] HFAQ Hrl A FZ2E HF AU 22 (Mean Absolute Error;
MAE), B¢ AFT 2*H(Root Mean Square Error; RMSE), A% Al 4~(Coefficient of Determination; R-Squared)”}
AFS-E UTE MAE7F B A 02 AMEE &= AFO|A T 8 3F 2 #E §he 7IFo® Al gho] A
AE7] gl #=F Fo]l REFE 23 F2 u A Y& dAHe]l EAST ol mE} MAE A ERHS
2 HE8g A4S olglgo] EAlsky] W& 37HA] ARE &3t 2 vl 9 JUtE FHEAT

WA Hatrdoa SHAMZY tolEHE HE31A ¢, Dense Layer’} 17191 Simple-ANNE ] 7
36.75%2] MAE7} A4FE I oH, e MAlEd HolHE #8351, Dense Layer’} 17} T 37}l SMOGN-DNN
zdo] AL E 238612 MAEZl =& Utk MAE® T olugl RMSE®} R-Squared #-& ANN 2@ HT}
DNN9| A& 57l 453 7 Uston, SMOGN7|H S 283 endZd ol shgd mdo] A9 ¢
HAEH tlo]EE AMSSHA] ¢ REET A ¢ W 04 gro] EEHT B3, Hatrdd Hurd
o] slo|Huelu|HE B3t AFE Dense layere == <, Sty 34, S5E Ul A ol & A
o 23|18 24 #ol § BA =EHE Al QC’JHME}.

Hamrd ko] 7t A ko] tejA = R-Squaredv H3tRA O A7 BlzatA mdo] Y agole A4-F
ol A wolAl= Zlo] FRl=y MAESH RMSE #9] A$-ole= A9 Aok §le s & 4 Aok ol
sl o A4 e B2d 4SS 9380 <Fig. 3>~<Fig. 10>9} Zo] H3tmdy} Hurde gk A4 Ho|E
o} 4= dolHE Hlud J1YZE T3l B8 HUME A=A

AA Simple-ANNE R 9] H3lEd] thg oF TH2E 24P o, SHIAREAY o= dFHo= 3
FE A FOoHA HEAHOZ g v 93] o &g 3 Ao F HQIth AT u]$ W 2 E 71X
HA BE Bd FAA M =& MAE#S 36.75%_‘—01 TZHUT. SMOGN-ANN?| 3tz A=
Simple-ANNEZof| Hlaf W& HegAztel] s % HgErt S713 A02 SRIHAR 52 A Azt
gEfAE vl 2 AR dF AT} v f- 22 AS % < 9tk Simple-DNN3 SMOGN-DNN=& I3t
olx RAEN AZtH oz Ryl IA thEA ¢ Ayt ygoy e X Aztel tid o= ALt

2

H

\l
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A2 ANNEPE HT} DNNE

Ko} <Table 6>2] MAEZIo] Zolus A7} gx3ts
< 2HAIET HolEHE A&sdS W &

7b ZOA AR T A Azt tisiA
o] itk
2 B0 F Simple-ANNED O] Zgoll= AFH o R o @2 a5 7 WA H4 4
e M9 o HIAEE A= Aog B AN g BdoA Ao rE
HOZ o F3= A Kol eWuge] d Ao IR, I = B3t A
AR e g5 sl Byt AE ALto] o]Foizl ZMHOE Hd LAt
AT} Simple- DNNEE 9] Z9-ol= ¢to] iR O £& 7] 27|2 9
#oll sl eI’ e AFS KHoli glo] ¢ Rdlla JFHoRT ©
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