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ABSTRACT

This study analysed the center control emergency vehicle preemption[EVP] test result on the 1.782
km section around Gangbuk Fire Station. The pros and cons between center control and site control
EVP was compared through the review of existing research. The test site was selected based on the
higher link speed for choosing low congested area and 4 to 6 lane road. EVP operates green extension
under the estimated arrival time to each intersection. This study is about EVP system field application
and its evaluation by analyzing EVP operation result with the emergency vehicle’s trace, GPS data. The

Received 24 October 2019 impact on the surrounding traffic was analysed in delay from the queue length survey. Analysis showed
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the decrease in averge travel time 41.81%, but the increase in delay of surrounding traffic slightly. It
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is expected that EVP can be applied to the expanded area by researching EVP compensation scheme.
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<Table 1> 2018 Disaster response statistics in Seoul City[Korea National Fire Agency(2019)]

Rescue First Aid
Dispatch (B) Rescue (C) Dispatch (D) Transportation (E)
Numbers 6,368 159,846 138,209 559,288 350,387

Sortation Fire (A)
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Feshe Wlola, FAA AR IAFgAEATE SF5A S} FAAE ASAEd 238t ASAE A F

2% mAEA AFAE FUNEE S Aol

1) M2A| EVP 7568 ZE

EVP OBE®} w52lEA07] wAlE Ad F W28 F-54H]-8-2 National Disaster Management Research
Institute(2014) N Al FEHRE-& 7122 AASIAS v, THA T2 9309 €, AAA T2 AA Y
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<Table 2> EVP System Construction Cost

Sortation Contents Unit Cost Site Cost
(Million Won) Numbers (Million Won)
Total 3,000 3,000
EVP Basic Design and Algorithm Development Cost 1,000 1 1,000
Center Sub-total 2,000 2,000
Control Working Design and Working Design 150 1 150
Construction Cost for

Metropolis S/W Construction 1,400 1 1,400

H/W Construction 450 1 450
Total 44,000

Site 2010 Model Traffic Signal Controller (A 8.5, B 9.0) 8.5 0 0
Control TCE(Traffic Signal Control Equipment) (C 6.0, D 5.5) 55 4,000 22,000
(4,000 | PPCU(Preemption and Priority Control Unit) (C 2.5, D 2.8) 25 4,000 10,000

Controllers) ™ 5yp OBE(C 1.5, D 1.5) (% Exclude Calculation) 15 0 0
Installation and Tuning Cost (C 3.0, D 3.2) 30 4,000 12,000
Total 4,400

Site 2010 Model Traffic Signal Controller (A 8.5, B 9.0) 8.5 0 0
Control | TCE(Traffic Signal Control Equipment) (C 6.0, D 5.5) 55 400 2,200
(400 | PPCU(Preemption and Priority Control Unit) (C 2.5, D 2.8) 25 400 1,000

Controllers) EVP OBE(C 1.5, D 1.5) (Exclude Calculation) 15 0 0
Installation and Tuning Cost (C 3.0, D 3.2) 30 400 1,200

2) EVP =2 &1t ZE
Yang et al.(2008), Lee et al.(2017), Lee et al(2018), Korea Road Traffic Authority(2016) 5Al= EVP =<
295 AEHIAS Tl EA3IHTE <Table 3>04 8} o] Yang et al.2008)ol A= A A4 A&
ol e Fa) BABNL, viert 06, 08 L 109 thall A7k AFABA] A4 958%1AH 562%7H7) T
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Korea Road Traffic Authority(2016)°141E QubateFe] w8 gk o)A EVPES 29T 74§, bzt
o] AL A7} 27Vt wARI) HSd AR Betouy, LFEE A9 sty 94
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<Table 3> EVP Effectiveness Analysis Results

Delay(sec/vehicle) Velocity(km/h)
G St Emergency Vehicle Other Vehicle Emergency Vehicle Other Vehicle
Ratio Ratio Ratio Ratio
TOD | EVP %) TOD | EVP %) TOD | EVP %) TOD | EVP %)
v/c=0.6 143 | 0.6 | 956 | 347 | 365 | 51 | 3184|4945 | 553 | 4743 | 4740 | 0.1
Yang et B
a1.2008) v/c=0.8 475 | 81 | -829 | 40.8 | 43.1 | 59
v/c=1.0 59.7 | 261 | 562 | 720 | 77.7 | 7.8 | 30.15 | 38.16 | 26.6 | 42.03 | 4147 | -1.3
main v/c=1.0 96.6 | 165.1 | 70.9
101 | 54 | 465
Lee et cross v/c=0.6 36.6 | 46.8 | 279
al(2017) main v/c=0.6 80.1 | 156.2 | 95.0
85 48 | -435
cross v/c=0.6 334 | 369 | 10.5
main v/c=1.0 176 | 192 | 9.1
313 | 207 | -339
Lee et cross v/c=0.6 45 47 4.4
al(2018) main v/c=0.6 133 | 137 | 30
265 | 195 | -264
cross v/c=0.6 176 192 9.1
Korea Road Traffic Authority(2016) 7152t &Q@ulwdolA LOSo| @t EVP AH87Fs 58 Aol3ta
glom, ol FHWEYFRA A4S Mo i Y 202 L0S ADY A% B FHR AHS W
Pt WAt i3] A&AAFY] S wol AP = 9l LOS E-FY AfE AHlx 25 JEs7] B
Fe W B IS AT axtg2el dsto] AAA A e LA 8 tia A EAe
Qe ol AP 4 QU 12|l LOS FFFFE] 3¢+ EAS wIe 5 Wl A4 +9u8ts 2
T Asuatge)] date] AEAG] ol ta) BEH me AWAEH S Wwob AP 5 Sk
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<Table 4> EVP Operation Availability[Korea Road Traffic Authority(2016)]

LOS EVP Permissible Level Condition Approbator
A-D EVP Available Compliance with regulations and guidelines Police Chief

EVP Restrictively Fire Chief’s or Local Government Head’s request with

Available methods of reflecting LOS recovery Police Chief

EF

The chief of the national police
agency or a commissioner of a
district police agency

Police Chief’s request with methods of reflecting LOS

F-FEF Control of EVP Use recovery and detailed operational plan of EVP

3) S&Ao{ZAnL SAH0{ZH4A] EVP H|W
Lee et al.2017) EVP A 2~€1-S 715}
i, FYAE AeAsat Ay B2 =
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2 9z AgAsate] 4 94 2 F
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<Table 5> Comparison of Center Control System and Site Control System
Sortation Center Control System Site Control System

- Any Intersection connected to the EVP center by
communication

- Emergency vehicle with EVP OBE . .
- EVP i hicl
- EVP can be applied to all route of emergency can be applied only to the emergency vehicle

. inside communication range of RSE
vehicle

Characteristics . . - Shorter communication range of RSE makes EVP
- More effective to eliminate queue and more S .
queue elimination less effective

fficient EVP
efficient can be made - RSE is required

- RSE i t ired . . .
Cente:sccr)ll?trorle(llilil/;’ construction cost is only for| Site control EVP construction cost is for RSE
y installation included PPC board and OBE

center H/W and S/W, and OBE
- OBE(Tablet or Smart-phone with EVP APP) | - OBE generates and send a specific information
Detection and generates and send origin and destination, and matter(such as sound, light, WiFi packet, etc) to
Communication method every second emergency vehicle’s location to the| RSE
center by mobile communication network

- Any intersection with EVP RSE
- Emergency vehicle with EVP OBE

Number of Simultaneous

. - No Restriction - 1 Site
Control Intersection
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<Fig. 1> Center Control Emergency Vehicle Preemption System Diagram
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AR E tAl MEsiAl Eth OBEE 12 (HH 02 IFatE XS $4AE AppAHE Adsta, 44
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AAZE s g Azl tig EVPE £J3ty sz B

3. EVP Ho{7|gat =2 HE J|=

1) ASNSA 2ixjel
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#A&2F OBES ofEe|7lolde ol S24A& 4H3tal, OBEIA ©] FRE FAAE Appo 2 A%
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Zol|M FIEhs e AR 87H= olTRE

™

3) UIASAI WALR Alo| Hz| A4 o E"%FOH’SAPJ e
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EVP Aloj= HAjAIZbo] ARH 1 1gatgo] wates T3shd 33 watzd] ik EVvert A4 $5
Ha guk A5 2 1F7]94 FHo) s g o, & Aol = EVe A8

. . No of . . No of
Fire Station Street name Lane Note Fire Station Street name Lane Note
Gangnam Teheran 8 Side bus lane Seodaemun Yeonhui 4
Near main road Seocho Sapyeongdae 8
Gangdong Seongnae 4 . I
(Olympicro) Salgojigil 4
Seongdong -
Gangbuk Hancheon Majo 2
Gangseo Yangcheon Seongbuk Jongam 8 Side bus lane
Munjeong 4
Gwanak Gwanak 6-8 Songpa
Macheon 4
Gwangijin Gwangnaru 2-6 Yangcheon Mokdongseo 4 Near one-way
Gyoungin 10< . Mullae 6
Guro Median bus lane | Yeongdeungpo -
Jungang 6-7 Yeongjung 6
Nowon Hangeulbiseok 6 Youngsan Hangangdae 10< Median bus lane
Dobong Dobong 8 Median bus lane Eunpyeong Dongil 8 Median bus lane
Dongdaemun Janghan 6 Jongno Jongnolgil 2-4 Near main road
Dongjak Yeouidaebang 6 Median bus lane Jungnang Sinnae 8
Changcheon 4 Toegye 8 .
Mapo Jungbu Side bus lane
Seogang 8 Dasan 2-3
144 O2TSUQ =21 1837, MI6=2(2019H 128)
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Yang et al.(2008), Lee et al.(2017), Lee et al(2018), Korea Road Traffic Authority(2016) 5ol th7138E 24
507 Qlgle] Z3lwr}t e YA EVPY T3} ®Ua 31911, Korea Road Traffic Authority(2016) 153
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<Table 7> Average Speed near Fire Station[Seoul Metropolitan Government(2017)]

. . Dist. Speed(km/h) . . Dist. Speed(kmyh)
Fire Station Fire Station
(km) 79 | 12-14 | 17-19 | All-day (km) 79 | 12-14 | 17-19 | All-day
136 | 249 | 208 179 215 42 247 | 226 195 225
Gangnam Seodaemun
Rank 14 20 21 17 Rank 15 11 12 13
1.0 245 | 202 195 214 3.8 277 | 245 194 242
Gangdong Seocho
Rank 16 21 12 18 Rank 5 6 15 6
118 | 264 | 239 213 239 4.5 304 | 262 24.6 26.5
Gangbuk Seongdong
Rank 7 7 6 7 Rank 1 4 2 3
74 252 | 234 20.7 235 22 250 | 229 189 23.1
Gangseo Seongbuk
Rank 12 8 7 8 Rank 13 9 16 9
24 259 | 215 179 224 6.2 236 | 215 20.3 21.8
Gwanak Songpa
Rank 8 15 21 14 Rank 19 15 8 16
6.6 288 | 269 227 26.3 23 267 | 252 234 255
Gwangijin Yangcheon
Rank 4 3 5 4 Rank 6 5 3 5
133 | 220 | 216 189 212 32 219 18.8 17.6 19.7
Guro Yeongdeungpo
Rank 23 14 16 19 Rank 24 23 23 23
59 225 | 209 189 21.0 42 256 | 220 189 22.8
Nowon Youngsan
Rank 22 19 16 21 Rank 10 13 16 11
100 | 259 | 228 19.8 229 11.7 | 255 226 19.3 227
Dobong Eunpyeong
Rank 8 10 11 10 Rank 11 11 15 12
2.1 233 | 210 20.3 212 0.5 235 19.0 184 20.7
Dongdaemun Jongno
Rank 21 18 8 19 Rank 20 22 20 22
. 6.6 29.1 | 271 229 26.9 3.0 295 | 273 254 274
Dongjak Jungnang
Rank 3 2 4 2 Rank 2 1 1 1
2.6 244 | 212 20.3 222 74 237 18.0 15.8 192
Mapo Jungbu
Rank 17 17 8 15 Rank 18 24 24 24
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<Fig. 3> Procedures for conducting field tests
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<Table 8> Survey item and survey method

. Survey Schedule
Analysis Item Survey Item Survey Method Survey Count
Pre-Survey Post-Survey
Pre.emptwn Travel fime G1.>S History 3 April 30, May 2 May 7, 9, 14, 16
Operational effect Investigator Records (14:00 ~ 16:00) (14:00 ~ 16:00)
Investigator 2 days May 7, May 9
Traffic fmpact Queue Length Records (Survey per cyle) (13:00 ~ 17:00)

TN A | AR A7 F 854 &30
PHAo)7t eA] W] Y

A3t 71 dol= AEAego
A7)y B0l 271A S ZAs AT

et FYARE 7158k em, tr7|gEdols ad 1 oY)
K &9 F 1AM SAste trjdd o)l Waks
o2 BT 27|71 E R jF Fr1o T

ARz ARE BN ZATY 719 e] ZANHOE FRY 5 Ak BYAT 24 TRk
A T FASE, Bl gB Rl 24 AHE Fa WAZ AEAAY, 2ETFHAAYZ A}
ok A W a7le] A2l N NFAFo] olFHE TR H22E AN ) Pae] gzl s
=z

4 - e e e - - —— -
Emergency Vehicle
Direction 2 Direction 5 Driving direction
(Suyu3-dong (Wuyi Bridge)
Post Office)
Gangbuk-gu Office Bundong
Intersection Intersection
Direction 1 Direction 4
(Gwangsan (Northern Market
Intersection) Direction 3 Entrance) Direction 6
(Suyu Station) (Suyu Intesection)

<Fig. 4> Queue length measurement section
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<Table 9> Non-parametric statistical test comparison

Analytical method | Purpose of Analysis | Null hypothesis(HO), Alternative hypothesis(H1) Basic assumption
Mann-whitney Average comparison | HO: No mean difference between the two groups | 1. Parametric Statistical
U test between two groups | Hl: Difference in mean between the two groups Techniques Not Available

2. Number of sample<30
3. The dependent variable is
nominal or sequence

Wilcoxon Average comparison | HO: No mean difference between the two groups
Signed-Rank test | between two groups |HI: Difference in mean between the two groups
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<Table 10> Result of travel time survey

Classify | Count Test day Day of the week Departure Arrival Travel Time
1 2019. 04. 30 Tuesday 13:50:20 13:56:02 342 sec
2 2019. 04. 30 Tuesday 14:11:35 14:18:00 385 sec
3 2019. 04. 30 Tuesday 14:35:28 14:40:40 312 sec
Pre- 4 2019. 04. 30 Tuesday 14:53:55 15:01:12 437 sec
Survey 5 2019. 0s. 02 Thursday 14:05:16 14:11:20 364 sec
6 2019. 0s5. 02 Thursday 14:25:08 14:30:55 347 sec
7 2019. 0s5. 02 Thursday 14:44:05 14:51:20 435 sec
8 2019. 05. 02 Thursday 15:05:55 15:13:53 478 sec
1 2019. 05. 07 Tuesday 14:35:05 14:40:03 298 sec
2 2019. 05. 09 Thursday 14:10:05 14:13:20 195 sec
3 2019. 05. 09 Thursday 15:06:00 15:08:56 156 sec
Post- 4 2019. 05. 09 Thursday 16:04:11 16:08:35 264 sec
Survey 5 2019. 05. 14 Tuesday 15:05:35 15:08:58 203 sec
6 2019. 05. 14 Tuesday 16:00:19 16:03:10 171 sec
7 2019. 0s. 16 Thursday 14:06:05 14:09:23 198 sec
8 2019. 0s. 16 Thursday 15:03:41 15:09:00 319 sec
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<Table 11> Pre/post survey & comparison by indicator

Classify Pre-Survey Post-Survey MAE MAPE
Tuesday 369Sec(6min 09Sec) 224Sec(3min 44Sec) 145Sec(2min 25Sec) W 39.30% V¥
Thursday 406Sec(6min 46Sec) 226Sec(3min 46Sec) 180Sec(2min 59Sec) W 4424% W
Average 388Sec(6min 27Sec) 226Sec(3min 45Sec) 162Sec(2min 42Sec) VW 4181% V¥
ARl Aol BAE oY, SAZR HiAtelE At FAACE B AolE Felste] g
A $AAEe] BAE B Pask Atk ot A - AT FRAT AT T 298 A 5
Mann-Whitney 778-& AR8-3te] £33 SRAIRE Jek 2F =9 &4 A= ofef ] [<Table 8> 05 Al
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<Table 12> Rank analysis by travel time group

Group N(Count) Average Rank Rank Sum
Pre-Survey 8 12.38 99.00
Post-Survey 8 4.63 37.00
Sum 16

<Table 13> travel time test statistic

Analysis Item Travel Time

Mann-Whitney U 1.000

Wilcoxon W 37.000

Z -3.256

Approximate Significance Probability(Both Sides) 0.001

Accurate Significance Probability 0.000
Mann-Whitney U-test 23} 2] 2& pgko] 00|22 FAF7HA(F He 3+ B 2hol7t flek)<& 712431917
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<Table 14> Queue length by access road in Gangbuk-gu Office Intersection

Direction 1 Direction 2 Direction 3
Count (Gwangsan Intersection, m) (Suyu3-dong Post Office, m) (Suyu Station, m)
Before After Difference Before After Difference Before After Difference

1 338 364 + 26 86 104 + 18 122 214 + 92

2 138 354 + 216 136 140 +4 229 239 + 10

3 284 322 + 38 84 78 -6 238 208 - 30

4 252 382 + 130 66 114 + 48 191 244 +53
Average 253 336 + 103 93 109 + 16 195 226 + 31

<Table 15> Queue length by access road in Bundong Intersection

Direction 4 Direction 5 Direction 6
Count (Northern Market Entrance) (Wuyi Bridge) (Suyu Intersection)
Before After Difference Before After Difference Before After Difference

1 89 70 19 196 182 14 73 85 + 12

2 72 113 + 41 198 190 8 66 81 +15

3 85 81 4 196 198 +2 76 62 14

4 108 91 - 17 190 188 2 63 66 +3
Average 88.5 88.8 +03 195.0 189.5 55 69.5 73.5 + 4
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<Table 16> Cycle Failure by access road in Gangbuk—gu Office Intersection

Direction 1 Direction 2 Direction 3
Count (Gwangsan Intersection) (Suyu3-dong Post Office) (Suyu Station)
Before After Difference Before After Difference Before After Difference
1 1.10 1.80 + 0.70 0.40 2.10 + 1.70 0.20 0.90 + 0.70
2 1.50 3.70 + 220 340 2.90 - 050 1.90 1.30 - 0.60
3 1.80 2.90 + 1.10 1.20 1.40 +0.20 2.50 1.30 - 1.20
4 1.80 3.70 + 1.90 1.10 2.10 + 1.00 1.10 1.20 +0.10
Average 1.55 3.03 + 148 1.53 2.13 + 0.60 1.43 1.18 - 025

<Table 17> Cycle Failure by access road in Bundong Intersection

Direction 4 Direction 5 Direction 6
Count (Northern Market Entrance) (Wuyi Bridge) (Suyu Intersection)
Before After Difference Before After Difference Before After Difference
1 0.10 0.00 - 010 1.40 1.50 + 0.10 0.10 0 - 010
2 1.20 1.50 + 030 1.60 1.20 - 040 1.00 1.00 -
3 1.10 1.10 - 1.50 1.60 + 0.10 0.90 1.00 +0.10
4 1.10 1.10 - 1.20 1.60 + 040 0.90 1.30 + 040
Average 0.88 0.93 + 0.05 143 1.48 + 0.05 0.73 0.83 + 0.10
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