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Abstract

U Thisstudyproposeda general framework of redime
emergency response operations for highway networks
experiencing a high frequency of concurrent traffic
emergencyevents.

U The proposed system consists of thigencipalmodels,
workingcollectively for estimatinghe probabilities of
eventoccurrences, projectinthe incident clearance
time, and optimizinghe location and coverage of
avalilable responsanits.

U Thesystem is designed to assist responsible agencies in
assessing the need to relocate available incident
response units in real time operations, based on the
avalilable resources and detected traffic information.

U Theempirical evaluation resultshowedthat the
dynamic reakime dispatch strategy can outperform the
static dispatch and statef-the-practice patrolling
strategieswith respect to minimizing the netwovlide
delay induced by events and waiting times of vehicles
Involved In the events for response.

<OperationalFlowchart for the Proposed Decision Supp@&@ystem

EXperimental Design

U The study site was the highway network e®O5/MD-695I1n
Maryland,about 50mile long with 43xits, and managedy CHART
(Coordinated Highways Action Response Team);4llo€alcenter
with four response units.

A This site frequently experiences relatively high frequencies of
emergency events during Apkak (e.g., a total of 100 days having
at least eight events durlng AM peak In 2013)
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minimize the total delays induced by incidents and requests for ass
during AM peak hours (7:099:30) onSeptemberl6th and 17th.

U Itis assumed that incidents and requests for assistairred along the
highway segments, and response units are deployadgiiway exits
for dispatchingoperations.

U Input data and their sources are as follows:

C CHART Il Database (d&ta Years 2012 and 201®) obtain:

A Occurrence rate of Incidents/requests freeway segment (1) )
Averageand variance of clearance times facidents and
requests for assist® “YandVaro Y)

LYOARSY (O 200dzNANE330S LINE LJ2 NI A

Average number of lane closures to determine the reduced

capacity { @

C TMS (Traffic Monitoring Systeiio) obtain traffic volume on
freeway segmeni(n )

U The performance of the proposed reane dynamic dispatching
model Is evaluated by comparing with tstategies (1)static
RAALI OOKAY3I &UN)IOGS3TE NBGFAYAYS
over time,and (2) the experiencbased patrolling strategy operated
by CHART.
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DESIGN OF A REAL-TIME EMERGENCY RESPONSESYSTEM FOR HIGHWAY NETWORKS
EXPERIENCING A HIGH FREQUENCY OF | RAFFIC EMERGENCY EVENTS DURING PEAK

by Woon Kim,HyeonmiKim, and Gamfien Chand~rom University of Maryland at ColleBark

Proposed System: Framework

for Implementing Relocation>
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A Traffic Emergency:E

E\I/Snt Detected Time

9/16/13 7:39 AM

9/16/13 7:48 AM
9/16/13 7:49 AM
9/16/13 7:59 AM

9/16/13 8:02 AM

9/16/13 8:09 AM
9/16/13 8:23 AM
9/16/13 8:30 AM

9/16/13 8:32 AM

9/16/13 8:37 AM

Average

9/17/13 7:01 AM

9/17/13 7:01 AM
9/17/13 7:38 AM
9/17/13 7:43 AM
9/17/13 7:44 AM
9/17/13 8:03 AM
9/17/13 8:15 AM
9/17/13 8:39 AM
9/17/13 9:02 AM
9/17/13 9:29 AM

Average

NA

9.22
1.05
9.78

2.47

7.73
13.82
7.22

1.23

5.68

6.47

NA

0.27
37.17
4.77
0.98
19.27
12.02
23.78
22.60
27.30

16.46

| Location
1 (exit no.)

requests
for assists
requests
for assists
incidents
requests
for assists
requests
for assists
requests
for assists
incidents
requests
for assists
requests
for assists

requests
for assists

NA

requests
for assists
requests
for assists
incidents
requests
for assists
incidents
requests
for assists
incidents
requests
for assists
Incidents
requests
for assists

NA

e Reaiworld Application
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18
29
19

18

19
30
23

18

17

NA

10

17
30
26
11
22
26
22
23
22

NA

Step 1. Estimate clearance time

A Use awell-calibratedclearance estimation modelr historicaldata

Step2: Initial assessment

A Compare the operational duration needed for the target emergency unit to
respond to the detected event, based on the estimated time for having the
next event within its service boundaries

A If the detected event is anticipated to be cleared before the next event, the
decision process moves to StejB3otherwise, Ste3-A

Step 3A: Execute the location/allocation model for relocating the

remaining units

A Reassigthe coverage for the remainingnits, using the location/ allocation
model with the updated event occurrence probabilities

A Remainingunits canprovideprompt services to the coverage area for which
the unit currently on duty Is responsible.

Step 3B: Execute the location/allocation model based on the updated

predicted probabilities of having next incident or assrsiquest

A Giventhe occurred eventre-estimatethe temporal and spatial distribution of
potential future incidents or assistquests

A Executethe location/allocation modeWwith these updated probabilities to
perform the second assessment3tep4

Step 4. Second assessment to evaluate the need to redeploy response

units based on the results from St&B

A Upon clearance of a detected evertjaluatethe need to redeploy all
availableunits

A Basedon the updated probabilities of having the next event in each
responsible segment over the specifietierval andthe maximum anticipated
response timalifference betweernwithout relocating and with relocating

Result analysis

6. Avg4is computed based on data for incidents except EvéDt7.
7. An asterisk (*) in ID indicates incideype of events.

A Responséerformanceand the Resulting Delays

Models Embedded:In

the- System

1. TheProbabilities for Even©ccurrences 2. EventClearance Time Estimatiovdodel

A In this study, it was assumed that thamber of traffic emergency events occurringA Thisstudyused amethod ofRandomForestsanensemble of urpruned classification
on each segment during a given time interval follow a Poiskstribution and regression treesJART) for two clearance time estimatimodelsg one for

A Oncethe mth event arises at segmeijtthe probability that additional events may incidents and the other for assistquests
occur at the samsegment can be calculated as follows: A For model calibration, theventrelatedinformation from the CHART data base was

~ N used(e.g., onsdimestamp, type of incident/requests for assists, number of lane
L @ H 2 X blockageslocation, detection source, typesd numberof vehiclesinvolved,etc.).
A Eachdeveloped modetonsistedof 300 trees andhowedgood performance for
predicting the clearancemes
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3. The Location/Allocation Model
A This studyaims to optimally allocate available resources by minimizing the estimated

external delay induced by the projected event as well as the estimated internal delay W P O » W I Q0 w w Q
for vehicles involved in the event, based on the number of available response units ) _ )
and emergency occurrence rates at stite © [mp] ) AQN O @ [mp] @O

"O0 D : The responsible network freeways, whédendA are the sets of nodes (exits) and links (segments).
‘AT "BIndex for nodes@Q
"Q Index for states that are updated when an event is detected or cledred> n
® : Binary decision variable, indicating if ngds covered by a unit at node
w: Binary decision variable, indicating if a unit stays at node
N E : Normalized event occurrence rate at nodat statek which isiy (E)
a is the total number of events occurring at nogentil the statek-1.
0 : Travel time from nodéto nodej.
‘Q: Predicted delays from events occurring at npde
a1 Average number of vehicles involved in an event.
T Weight to reflect the tradeoff of the importance between two conflicting objectives.
“Y . Incident duration equals the sum of response time and clearance time.
| : Proportion of incidents to all events occurring on freeway segments.
0 "YClearancéimes(=1: incidents|=2: requestdor assists)
0 “YAverage clearance timé=(: incidents|=2: requests for assists)
A : Traffic volume at nodp @: Capacity at nodg i ®Reduced capacity at nogle
® Q: Available resources at stake

C the internaldelay:the elapsed time during which vehicles involved in an event A
are waitingfor arrivalof responseaunits
C the externaldelay:the additional times experienced by other vehicles in the

same network due to the impact of the event 5(& a)TB (6 & )where
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Conclusions

A Average/interalDelaydor All/ehiclesinvelved in (i This study has proposedreattime dynamic dispatch

A T T Smetensy-Events(ieh min) strategy, based on the relocating decision support
. Capacitydue ! _ " S -
PIECton| 4o Lane D:ﬁ'; & |50 RP Delay ispache A3 RE pelay Disparche A€ RE  Delay 55 . 1693 system, C.OHSIStlngf t_hree technical components _for
Blockage L1 (mins) (vefhr) dUnitiD C e (ming (vehvhr) dUnitiD oo (mins) (vehhr) 32 g ' consecutivelyestimating the probabilities for traffic
-6950L  0.99 2.08 0.05 4 4 3.28 4 4 328 5 ¢ 2 . e, 970 emergency events, predicting the incident clearance
veee oL | mee & 42 40 348 - 3 4 466 3 4 149 - T2 6.83 ' time, and dispatching available response unggo
| ' 6.75 9149 4 3 492 78.33 4 3 492 7833 935 5 timall d taletected/ ted traffi
T e 17 69 T . B — ) EE e o2 2.02 optimally respon etected/reported traffic
695 OL 0-99 4.68 > o ° ° 20 ; ° > - %% ’ Patrolling by CHART Static Dispatch Dynamic Dispatch er-nergency events. - - -
6 1 1 1760 L 1 1234 - ohy EnA pateh ’ P 0 Sincethe proposed system is designed mainly for the
-6950L  0.99 24.80 0.20 4 2  5.89 4 2 14.69 mincidents  requests for assists L
B 015 3 1 1201 3 > 1171 < Estimations with all events> traﬁ!c Incident management teams to respo_nd to
-6950L  0.99 1282 BN 0.07 4 0  18.89 2 1 10.78 traffic emergency eventsghe system aims to improve
695 0L 0.83 5.20 0.08 2 R 1 S _ 20 1900 the network-wide traffic conditions with a shorter
[ B L7 0.10 2 4  1.00 2 4 1.00 5 ¢ 16.23 . .
- - T 007 3 3 o075 - 3 3 075 - gy _ 15 average response timby accounting for two
695 0L  0.99 0.70 ki 37.15 377.90 4 4 5.89 97.61 4 4 589 9761 8,2 . 9.70 conflictingobjectives.
i i c S 2 . I .
— e 3.48 3 L 3 s 2528 6.21 5.33 U Theempirical study using CHART Il Database has als
_ . 50 472 818263 2 2 220 762034 1 2 220 762034 55 § 2.02 . . shown thatthe resulting external delaysith the
NA 0.92 751 [ o007 - 1 1 2150 - 3 2 119 S 3 0 ST
17* 063 250.59 4 2 1.67 269.66 4 2 1.11 259.27 < m Patrolling by CHART Static Dispatch Dynamic Dispatch BrOpOS?dAdynflimIC.,.dISpa'[.(,.)h St[ategvy ;ﬂlﬂa‘”erth‘an g
1-695 IL 0.99 8.05 0.05 _ 3 1 10.21 _ 3 2 10.21 m incidents = requests for assists U K 2 a S [} 7\ u K U K S a u I u 7\ O R 7\
16950L  0.99 1.70 LI 563 192634 4 4 328 150422 4 4 126 1334.18 <Estimations excluding everD 7> patrolling strategies.
1695 0L  0.49 26.42 T 8.58 4 4 549 3 4 526 - A Est o (ivehiclehour) U Alsq the proposed strategy outperforms the static
16950L 0.9 5.42 357 2165.79 1932.03 1877.95 o o A RA&LI GOK &GN} GS3IE FyR [ |
1 .95 ; - .
-695I1L  0.25 67.25 117 NA NA NA respect toreducing the internal delays, i.e., the
1695IL  0.99 14.67 9.18 2165.79 1932.03 1877.95| ¢ % duration for those vehicles involved in incidents
-6950L  0.49 27.12 JT p—_— 1939 03 1877.95| < 10000 . U Furthermore the realft_mje, dyr_1§lm|_c dlspatch strategy
16950L 0.9 9.48 T e Tor Response Toe 82 os00 0389.74 demonstrates mpr@ffluent_utlll_zatlon of available
-6950L  0.13 20.43 | 2.937? Igrnr&?g'g \%f Cu Qe[ thagheQumber of available units at the moment when the %c resourcegthan with the static dispatch strategy,
1-695 OL 0.99 283 3. Avglis computed based on data for all events (incidents and assist requests). 5 2000 eSpeCiaIIy When many trafﬁc emergency events may
4. Avg2is computed based on data for assist requests. Io . . . )
NA 0.73 18.34 5. Avg3is computed based on data for incidents. 2 8500 OCCUr In a re'aﬂvely Short Ume penod

Patrolling by CHART Static Dispatch Dynamic Dispatch



