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Development of Fire Engine Travel Time Estimation Model for Securing Golden Time
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ABSTRACT

In the event of fire, it is necessary to put out the fire within a golden time to minimize personal
and property damages. To this end, it is necessary for fire engines to arrive at the site quickly. This
study established a fire engine travel time estimation model to secure the golden time by identifying
road and environmental factors that influence fire engine travel time in the case of fire by examining
data on fire occurrence with GIS DB. The study model for the estimation of fire engine travel time
(model 1) covers variables by applying correlation analysis and regression analysis with dummy
variables and predicts travel time for different types of places where fire may occur (models 2, 3,
4). Analysis results showed that 17 siginificant independent variables are derived in model 1 and the

T ﬁ.re engine travel time differs depending on the t).fpes of places where. fire occurs. Key variaples(t.ravel

Revised 16 October 2020 distance, number of lane, type of road) that are included commonly in the 4 models were identified.

Accepted 20 October 2020 Variables identified in this study can be utilized as indicators for research related to travel time of
emergency vehicles and contribute to securing the golden time for emergency vehicles.

(© 2020. The Korea Institute of

Intelligent Transport Systems. Al Key words : Golden time, Fire engine Travel time, Estimation model, Correlation Analysis,

rights reserved. Multiple Regression Analysis with Dummy Variable
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<Fig. 1> Fire Growth Curve
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<Table 1> Number of Arrival of fire engines to the location of the fire by travel times

Total(%) < Smin 5-10min 10-15min 15-20min 20-25min 25-30min < 30min
17,937 6,505 8,306 2412 519 125 39 31
(100%) (36.3%) (46.3%) (13.4%) 2.9%) 0.7%) 02%) 02%)
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<Table 2> Average fire engine travel time for travel distances by the location of the fire(sec)

Travel
Distance | Total

T — 0-3 3-6 6-9 9-12 | 12-15 | 15-18 1821 | 21-24 | 24-27 30~

Facility
Residential area 371.95s 285.59s | 456.60s | 581.46s | 675.76s | 728.88s | 751.76s | 734.45s | 828.31s| 956.33s | 1,060.5s
Commercial area 320.47s [262.71s | 417.60s | 577.47s | 662.90s | 832.75s | 696.33s | 866.30s | 770.00s | 948.33s -
Industrial area 482.13s | 316.88s | 491.50s | 612.79s | 635.33s | 702.57s | 698.68s | 1,116.00s | 908.25s | 1,056.50s | 1,552.00s

means of Transportation | 448.33s |277.49s | 462.67s | 594.03s | 716.21s | 804.16s | 824.02s | 939.50s |978.42s | 1,234.00s | 1,497.67s

ETC 474.26s | 300.88s | 498.16s | 638.99s | 712.32s | 758.78s | 795.80s | 910.88s | 947.86s | 1,050.45s -
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<Table 3> Average travel time of the fire engines by the type of the road (sec)

X2 =2 EZH,

.

[e)

=l

c
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(Zztsai) express way | main arterial road | minor arterial road | collector road local road ramp
418.31s 617.76s 447.78s 513.07s 528.15s 391.12s 575.01s
(17,937) (610) (1,258) (652) (1,163) (14,040) (214)
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<Table 4> Average travel time of the fire engines by the day of the week(sec)
Total .
(Case) Monday Tuesday Wednesday Thursday Friday Saturday Sunday
421.79s 419.98s 419.18s 416.23s 426.35s 416.26s 407.62s
(41178933175) (2,507) (2,506) 2,517) (2,584) (2,697) (2,709) (2417)
’ average : 420.71s average : 411.94s
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<Table 5> Average travel time of fire engines by transportation facility(sec)

Total (Case)
418.31s (17,937)

Road
416.90s (17,667)

Tunnel

736.72s (25)

Overpass
342.45s (65)

Bridge
539.53s (180)
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<Table 6> Variables for modeling

Variable Processing of Variable

Dependent
variable

- Travel time from fire station(or 119 fire emergency center) to the location of the

Fire engine Travel Ti
ire engine Travel Time fire (sec)

- Type of the location of the fire

1 : Residential area
Land Use Type of the location 2 : Commercial area(included edu., medical, etc.)
Pattern of the fire 3 : Industrial area
4 : Means of transportation
5: ETC
. - Travel Distance from fire station(or 119 fire emergency center) to the location of
Travel Distance
the fire (km)
T of Road 1 : Expressway, 2 : Main arterial road, 3 : Minor arterial road, 4 : Collector road,
pe 5 : Local road, 6 : Expressway Ramp
Traffic Facility 1 : Road, 2 : Overpass, 3 : Tunnel, 4 : Bridge
Road Presence of One-way street | 1 : Two-way, 2 : One-way
Factor The Number of Lanes - The number of lanes by the location of the fire
Presence of Bus Lane 1 : Nonexistence, 2 : Existence

- The number of the traffic lights between nodes with traffic light per length of the

Traffic Light Density road

Presence of Central . .
1 : Nonexistence, 2 : Existence

reservation
The day of the week 1 : Weekday, 2 : Weekend
Environme Time of the day 1 : Peak hour(06~09, 18~20), 2 : Non-Peak hour
nt Factor Weather 1: Sunny(including cloudy), 2 : Snow, 3 : Rain
Day and Night 1 : Day, 2 : Night
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<Table 7> Results of Correlation Analysis (Pearson Coefficient)

Variable Travel Time Travel Distance Traffic Light Density
Travel Time 1
Travel Distance .650** (0.000) 1
Traffic Light Density -.167** (0.000) -.181** (0.000) 1
* means p<0.05, ** means p<0.01 () : Significance Level
2) H|AEY H
TE25H T SHHESE 2909] 37 o] 22 ANOVA B4& 58 Syiset FE5HS ol 5413 A
o] ¥4< AT £4 A, <Table 8>3 ZoH fFo|FF 0058 7|Fo2 TAXCE FofstA vehd
o W ) 89l 7 BAH Aelrh EASE Ao vekyth
<Table 8> Chi-squares value of ANOVA(Analysis of Variance) Tests (N=17,937)
s Travel Time of Fire Engine
n Average Standard Deviation F p
Residential area 4,534 371.95 202.17
Type of the Commercial area 3,306 320.47 177.93
location Industrial area 3,457 482.13 232.99 337911 0.000%**
of the fire | Noans of transportation | 2,254 44833 259.09
ETC 4,386 47426 268.58
Expressway 610 617.76 284.67
Main arterial road 1,258 447.78 251.56
Minor arterial road 652 513.07 263.76
Type of Road 228.511 0.000%**
Collector road 1,163 528.15 269.40
Local road 14,040 391.12 220.10
Expressway Ramp 214 575.01 280.76
Road 17,667 416.90 236.65
Overpass 65 342.45 150.69
Traffic Facility 33.053 0.000%**
Tunnel 25 736.72 280.48
Bridge 180 539.53 317.75
Sunny(including cloudy) 16,519 417.64 238.58
Weather Snow 119 469.71 281.30 3.009 0.049%
Rain 1,299 422.14 226.23

* means p<0.05, ** means p<0.01, *** means p<0.001
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<Table 9> t-values of T-test (N=17,937)
-vals
Variable Element N Average Standard Deviation fvalue
(p-value)
Presence of One-way Two-way 16,012 411.62 232.987 -9.701
street One-way 1,925 473.98 270.237 (0.000%*%)
Presence of Existence 254 423.82 237.384 20316
Bus Lane Nonexistence 17,683 41823 280.469 0.752)
Presence of Existence 2,387 388.63 199.945 7.552
Central reservation Nonexistence 15,550 422.87 243.046 (0.0007%*%)
The dav of th . Weekday 12,811 420.76 242.092 2.181
(&3 (6 € wWee
Y Weekend 5,126 412.18 227.508 (0.029%)
Peak 3,294 418.72 238.592 0.109
Peak/Non-Peak
Non-Peak 14,643 41822 237.924 0.913)
Da; 14,150 421.28 239.958 X
Day/Night B 3310
Night 3,787 407.20 230.427 (0.001%%)

* means p<0.05, ** means p<0.01, *** means p<0.001
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<Table 10> Estimation Results of Multiple Linear Regression Models (Model 1) (N=17,937)
Stan dfr‘z;;aﬁon Standardization
Variable Coefficient Coefg;ient t-value p-value VIF
(B)
Constant 291.680 - 37.122 0.000%* -
Residential area -3.037 -0.006 -0.637 0.524 2.442
Type of the | comercial area 22613 0,037 4498 0.000%* 2.160
0;0;?:(;; Industrial area 33.510 0.056 6.804 0.000%* 2.145
ETC 37.921 0.068 8.079 0.000%* 2314
Travel Distance 39.089 0.598 97.647 0.000%* 1.207
Expressway 97.921 0.075 10.194 0.000%** 1.724
Main arterial road 14.880 0.016 2.520 0.012* 1.293
Type of Road | Minor arterial road 10.469 0.008 1.446 0.148 1.044
Collector road 15.975 0.017 2.874 0.004** 1.065
Expressway Ramp 101.766 0.046 7.592 0.000%* 1.204
Overpass -19.403 -0.005 -0.877 0.380 1.005
Traffic Facility Tunnel 192.038 0.030 5.379 0.000%* 1.009
Bridge 52.456 0.022 3.895 0.000%* 1.024
(Eres?szggyoiewg:% 27511 0,036 4728 0000+ 1844
The Number of Lanes -10.364 -0.060 -8.095 0.000%* 1.757
(&f:;:ﬂf;Ceg“aEle:f:;Z:“‘ml) 9.253 0.013 1.808 0,071+ 1718
(Wegdea;a:y O‘?fvg‘:ek‘zzzk: y 7.823 0015 2,658 0.008** 1.005
Weather Sunny -15.681 -0.018 -3.033 0.002** 1.107
Snow 30.241 0.010 1.765 0.078*%** 1.100
Day & Night (Day : 0, Night : 1) 5.798 0.010 1.754 0.079%** 1.035
Number of Samples(N) 17,937
R? | adj.R? 0.444 | 0.443

* means p<0.05, ** means p<0.01, *** means p<0.1
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<Table 11> Estimation Results of Multiple Linear Regression Models (Model 2,3,4)

Residential area (Model 2) Commercial area (Model 3) Industrial area (Model 4)

Non- Non- Non-
Variable Standardizati Standardizati Standardizati
on t-value | p-value on t-value | p-value on t-value | p-value
Coefficient Coefficient Coefficient
(B) (B) (B)
Constant 267.973 35.226 |0.000** 187.452 5.024 | 0.000** || 383.446 21.985 | 0.000%**
Travel Distance 37.078 50.663 | 0.000** 45.108 43.810 | 0.000%* 37.394 38.005 |0.000%*

Main arterial road | 31.896 | 2.489 | 0.013* | -22.031 | -2.076 | 0038* |  2.773 0.197 | 0.844
Type of | Minor arterial road |~ 44.135 | 2.943 [0.003%*| 5471 | 0331 | 0741 | 22471 | -1458 | 0.145

Road | Collector road | 58972 510 [0000%*| 21912 | L1616 |0006%%| -22.567 | -2.034 | 0.042%
Expressway Ramp| 53052 | 1340 | 0.180 | 10294 | 0255 | 0799 | 136403 | 4.182 |0.000%*

Road ] ] ] 26640 | 0726 | 0.468 - - ]
Traffic Overpass 20635 | -0.383 | 0702 - - - 51967 | 0.667 | 0505
Facility Tunnel 36755 | 0581 | 0561 | 322799 | 3703 |0.000%%| 270519 | 2.836 |0.005%
Bridge 93.895 | 2.800 |0.005%*| 64967 | 1176 | 0240 | 10515 | 0.405 | 0685
Presence of One-way street| -16.600 | -1.481 | 0.139 | 6742 | 0794 | 0427 | -49.036 | -2.739 |0.006**
The Number of Lanes 9457 | 4006 |0000%* | 2899 | -1521 | 0.028* | -15334 | -3.851 |0.000%*
Cenirisizzzrf;ion 15655 | 1.603 | 0.109 | 9279 1167 | 0243 | 12987 | 0924 | 0.356
The day of the week 255 | 0516 | 0606 | -6080 | -1.152 | 0249 | -18152 | -2.448 | 0.014*
Sunny - - - - - - 44738 | -3.525 |0.000%
Weather Snow 15235 | 0516 | 0606 | 51648 | 1591 | 0.112 | 55062 | 1587 | 0.113
Rain 20084 | 2464 | 0014 | 4901 | 0576 | 0565 ] ] ]
Day & Night 1674 | 2125 | 0034* | 8147 | -1466 | 0.143 | 17.863 | 2.302 | 0.021%
Number of Samples(N) 4,534 3,306 3457
R? / adjR’ 0434 / 0432 0.413 / 0.410 0.340 / 0.337

* means p<0.05, ** means p<0.01, *** means p<0.1

PR, (28 3)2 adjR7} 041002 2§ 1, 29} u]—x]—
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- 2=
= T

ok ALY A, FAER AFT 58922 B gk JHAE, B FAA, 2
ALE A, MIAF To2 wF o] BT Aow FHHM, 2A FYARL AFEFP ] dgo] o]
£ Wty Sle ZoR dddnh

Vol.19 No.6 (2020. 12) The Journal of The Korea Institute of Intelligent Transport Systems 11



) —
D o
Doola P ER N R0
N B oo X T
up aamﬂxmﬂ% moEsE o ™ =
0 L_L E_- Eﬂ HT heth < < .A.._ - EE = X ‘D| MM
e r g # W R o b B ik TTdE
R Bl ) o de w0 b WT KT D d SR A A
snriefE Elas SETE 4T awi 2 ERkg.
b OJ|4. 1__/'_ ! ke L K- )
~ 0 ol T ! ~
mW%ﬂm%% iﬁ_gﬂ %_W__ﬁ;ﬂowm o NQH ~ Mzm%_lcm_x
o —_ ~= _O
ﬂmﬂ,@mﬁw T EIL CE e o T HE e BoUAE
.N.A_n.moﬂn‘._ﬂ_ﬂ_aﬂtﬂ ,W.LM,_EoﬂH OF_BﬂPorﬁ &Eo ..n,mo‘.LlHo B on,.__izizT
..W.,EOML_,__A#E._4 Eol,..Ar‘_er, o A= ™ E__omwoi A ?.;Tz]nﬁoﬁ.m_.
g T I ® 1ou_xutﬁ %mWM Mam@_ﬂr{L_L X moogxﬁﬂ,
sEPTe 2l kg 7 o % d PR & AEL @
smzEE XM Doz B S B FrEgHE X R
plg e KT A9 e o M - x TBL2F
A =g < = ®1hT R s TPILLET
w X ~ N oy o T oW w8 I ) &«
uﬂﬂ_.UriLr_c B N v e 4 i ol C N
.ﬂd_.mw_ﬂulqAVIM z° o] o T+ _x},oi 7Luﬂrw~. o s <
% e T4ET XX ek T p o= 0N wom woa M
‘qzﬂx_lq i 7‘WM ‘MvL o =0 = BJo ,O|‘_1.Ar0.|_2;ox_,a :_.L _— <
JJﬂ.}Ham q‘;‘_ﬂeoﬂa inmeo Q,._,D}mﬂﬁl W.§7‘VLA
ﬂVEAdl;OJl;o 1__/11_1_!HJ\1.AAT _—o_l nnn_nunﬂlq dﬂﬂﬂ7 == i E._N,_%An_m‘_
MAHTQ‘_REﬂ MW o Ay o X = u%ﬂoﬂaATe_aﬁo — ol > B o
e TR SET A2 ° %a;qu#ﬂo_iﬂ o p T T
I > F o r wEEE R o Mo T % Baw
o = & M . R K = o N NE ook X o — s
}L_L_oiﬂLﬁdzT@ﬂro_aﬂ”o_a EmﬂmoTEo‘uylﬂﬁlr,ﬁomﬂ_ﬁ% Htaom‘mﬁu_z
wﬁvﬂu,ﬁowﬂ._ﬁﬂ%mﬁ%@iﬁ M _ae_ao_a,m.m_u%oNVﬂﬂMﬁEﬂm ga_wrmui;ﬂHLH
idr.ﬂr.ﬁmﬂimﬁli}mﬂﬂu v w2 ou_wxr&ﬁ_ N%&,H%ﬂﬂ,
- o 9 = N o M o < o _— o oof MW 5 N c__1¢.
A%%% M X o P i ﬂruvror_j.mﬂlz oo MR T °
noﬁHmMEé%ﬂiuoﬂoﬁq = c__ﬁjri_w#m ,u.woﬂﬂagcﬁw_a#wn
2 o W Hlmﬂuu,ﬂ__oﬁoﬂﬂ G eL,wL_,ooﬂﬁvA4 D o T fm ok
= G ® I o oy T B = R n B
Z oo an,@%@}%a# T E e uo%nznﬂﬂaﬂmn%y
R 5 o i} w .ZLIELE _1_|¢| T WLo AonnoL_L o ﬂyuﬁoLl(\l_x_.__._- ol o
iy _O# T ou N 14 A_I:imw.o X ,Ll;o o olo " o ﬂﬁodﬂ__ _X,DI.U :,L.zﬁﬂ%l
SIS o ymEY iiﬂaa.aumﬂ%lie_z_ﬂ.«mo = T MM
w%%%¢%@%wwaﬁ% 1g§m%%mm¢aQM¢wameaﬁ
mg%%wﬁnwﬁamqﬁ W%¢wﬁ@y@@M¢@ﬂ¢gﬁgw@
R ] o ;‘I_l_/ ~ ] ].I;oﬂn = —_
HE%WAE_?HTMMMO_E%%@M mao_amhﬂozHMW&%%%M%WE_xﬁw_
Nldoma,koln ﬂ_oﬁwg%ﬂﬁ ﬂﬁﬂu%ﬁ_sx%%mﬂ&iﬂeomgeﬂglﬂ
%W%MWW%%EHEE7E ﬂEq,M%ngﬂm}%ﬂﬂQﬂ%%%Mhx,
&%Pi%ﬂ%gﬂ@.ﬂﬂﬂ %ﬂ%z MW%%WO_EE%& %OU;
Cha o N T ® ?mﬁﬂui%_aﬂi.oxlﬂﬂmakg%ﬂab
zia%qsﬁﬂo%i ﬂgnodﬁwa, Emom_%,%}vﬁ%q.g_
K oMo ® T %O_EWMOL%EWTH,wk@%Wﬁ%ﬂﬂ@
~x o° -~ -~ A
my@%_o@@waW%@mgio
oA SR R B <
W E o oo =
N o R Ho

197, M6=2(2020H 12¢)

al

]

o~
nn

1

gl
=

oz st




REFERENCES

Ban X. J., Li Y., Skabardonis A. and Margulici J. D.(2010), “Performance evaluation of travel-time
estimation methods for real-time traffic applications,” Journal of Intelligent Transportation
Systems, vol. 14, no. 2, pp.54-67.

Hwang E. H., Choi J. H. and Choi D. M.(2018), “A study on the Effective Methods of Securing the
Golden Time of Fire Engine Move Out,” Journal of the Korean Society of Hazard Mitigation, vol.
18, no. 5, pp.119-126.

Ki Y. K, Ahn G. H,, Kim E. ]J.,, Jeong J. H, Bae K. S. and Lee C. K.(2010), “Error Filtering
Algorithm for Accurate Travel Speed Measurement Using UTIS,” The Journal of the Korea
Institute of Intelligent Transportation Systems, vol. 9, no. 6, pp.33-42.

Kolesar P.(1975), “A Model for Predicting Average Fire Engine Travel Times,” Operations Research,
vol. 23, no. 4, pp.603-613.

Koo J. H. and Choo S. H.(2018), “Analysis of Factors Affecting Travel Time Change Using the Time
Use Survey Data in Seoul,” The Journal of the Korea Institute of Intelligent Transportation
Systems, vol. 17, no. 1, pp.1-16.

Koreatech(2015), Cities and provinces 119 general situation room improving situation management
research service report.

National Fire Agency(2020), 2019 Fire Statistical Yearbook, pp.41-62.

Rice J. and Van Zwet E.(2004), “A Simple and Effective Method for Predicting Travel Times on
Freeways,” IEEE Transactions on Intelligent Transportation Systems, vol. 5, no. 3, pp.200-207.

Sung J. G. and Ha D.(2016), “A Selection Method of implementation Area for Emergency Vehicle
Preemption System Using Dispatch Data Analysis,” The Journal of the Korea Institute of
Intelligent Transportation Systems, vol. 15, no. 2, pp.24-35.

Wang J.(2013), “Travel time estimation model for emergency vehicles under preemption control,”
Procedia-Social and Behavioral Sciences, vol. 96, pp.2147-2158.

YONHAP NEWS(2020), https://m.yna.co.kr/view/AKR20200627033100002

Yu J. W.(2008), “Real-time travel time estimation model using point based and link-based data,”
International Journal of Highway Engineering, vol. 10, no. 1, pp.155-164.

Vol.19 No.6 (2020. 12) The Journal of The Korea Institute of Intelligent Transport Systems 13



