Extending the 1-95 Rule-based Incident Duration System
with an Automated Knowledge Transferability Model

by Yen-Lin Huang, Yi-Ting Lin, and Gang-Len Chang The University of Maryland, College Park

> UNIVERSITY OF

Knowledge-based System Knowledge Transferability Analysis (KTA)

. T . . L 5 T A T i i I
" The rule-based incident duration prediction model (IDPM), covering |- | User input Incident Categorization | . . .1 . . .« ale . .
P (, ,)' & Select a highway | . | Rule Box Generation and Update Ranking of key factors Transferability Ranking Analysis Prioritizing Candidate Rules
| | Incident I
95, 1-495, and 1-695, has been adopted by MDOT SHA in daily responses T — | |
. ision or non | | | : : : . : e . -
to non-recurrent congestion. collislonTricident | cotion NorGalion : The functlc?n of the I.Rul.e Box is to house The rule.transferrlng priority determines not .Transferablllty Ranku?g IApaIys:s. | All rules based on their logic structure and
. . _ . . . : ———— | - —_— | all effective prediction rules from only which rules to transfer but also the Using Random forest to identify the relative target incident types are assigned with a
] ravel l[ane or snoulder I . . . . . .
In light of its effectiveness and robustness in practice, expanding such a only blockage | 1} TravelTane Shouder Tane | existing IDPMs (i.e., 1-95, 1-495, and |- execution structure of the new IDPM. Before impacts of seven categories of factors on . . . .
system to all other highway emerges as a desirable but challenging task ! - = = I - : 7 . S : . customized score with following regulations
T ——— I | | 695). Such rules in each category are assessing the transferability priority for each the resulting incident durations revealed in | Take optimized rankings as grades
. | ollision-Property ollision- | L . . . .
due to: I | Damage personal Injury i further divided into three types based on set of rules in the Rule Box, all key factors are  the target new system’s incident records + The rule combined by “AND”, sum up the
0 The need of integrating field operators’ expertise in generating s ns snousers |11 | Ty | | e || tancs | | tones | | tre. | Limnes | | s | their pre-specified thresholds for initially classified into seven categories * Transferability Ranking-Il Analysis: - '
. 5 I I . . . . . 5 .
prediction rules : I::._-::::%::F::‘F::J}[::ﬂ::_1;':3 o classifying incident duration Using Data Envelopment Analysis (DEA) to The rule combined by “OR” take the
| g Classification rules for each category of incidents determining | | odel Lutpu s ks 1 1 1 4
.« e . . Specific o el : Categor Description . . . .
(J The dependence of sufficient incident records for key parameter * | 1| dassification whether the incident duration is longer than 30 mins || | — v SOt 'p' = t.he fllrcnporta]rc\ce ISEEIEEE ,W'tr:c minimum combination and add 100
I rules for g &k KRN UK IR EEE . ‘ <30 minutes
calibration ?;'Elrv':;‘;r:;f‘;:“ | : collisions with & expected dura : I i":jtewa'ﬁhfof Lol il >30 minutes Category-1 the number of different responders categories of factors from the perspec.tlve 2 e The rule for estimating incident durations
| | | | e | fatality er than 30 m : '"EL;ﬂ”éﬁjﬁ (# of responders) at the incident scene how often they have been used in the Of <30. <60. or <120. add 200
" To circumvent such a data-demanding and time-consuming process for Operation center 14—, Classification rules for each category of incidents determining || | <60 minutes icti dicti | d th Iti 2 ’
. ) . . Pavement condition | whether the incident duration is longer than 60 mins : Expected duration *  RulesofCPIZ2 —- =60 minutes Category-Z tvpoe of the first-arrivine responders eXIStIng pre ICtIOI’] ruies an t € resu tlng
extending |IDPM’s spatial coverage, this study has proposed a Incident time i - i (First arrived responder) [ 5 TESP effectiveness
. . nciden lon | 7] incidents between - . oge .
Knowledge Transferability Analysis (KTA) method, featuring its & | |_20an0 60 mins | SiZbmimites | B the number and the type of vehicles Transferability Ranking Integration Transferability Effectiveness Test
. e — — | | »  Rulesof CPI3 —-- = . involving in incidents and their
Vehicle status . . .
aUtomated process to assess’ SeIeCt’ and tranSfer eXIStIng prEd|Ct|On : Classification rules for each category of incidents determining : 2 —— Classification ( ) damage levels Employlng the methOd for rank aggregatIOH TWO MOES’ 1) Confldence Ievel and 2) Support
' l . l I | whether the incident duration is longer than mins xpected duration oo . . e . .
rules to perform incident duration estimate for the new target highway : nefher the Incident duravon s fonger than 120 L] intervals for Rules N Category-4 indicators for the pavement to produce final optimized ranking list for all  Jevel, are used to determine the transferable
: : .. | | | incidents between I T CEVELENRC U Bl conditions :
" Evaluation of the proposed KTA with the incident records from | | [ 822nd 120 mins c . . ; o categories rules among the rules from the Rule Box
. . . ! | X urati ategory- indicators to denote the lane-
Maryland 1-70 reveals that it can achieve the accuracy of 87% with the | || Zienalstor L - 7
| e J  Rules of CPD2  |—-- (Lane blockage) blockage conditions _ . 4 . |
training dataset (i'e" 2016'2018) and of 82% with the test dataset | : than 120 mirs Category-6 indicators reflecting different incident Min Z(ldi —ril 10— l) Wi pred,-cﬁmmes,-nmew Tansferable Wﬁ Piter out dta
: ' : : =1 R pedelon s st i
(i.e., 2019), comparable to the current system’s performance but | | | [ Expected duration (Operation center) response centers . N - . |
i . ) i | r—fHintervals for collision J  Rulesof CPD3 | --- d; is the optimal rank for category i; ;- and r{* are the resulting ranks ! ‘
demandlng much fewer incident records for model calibration and :_l_llfi_dfllt_[lll_l’ilt_i(ln_[:rfgift_i(ln _________________ : L i) fatal't'es_ A Category-7 temporal-related indicators from Rank-I and Rank-Il test for categoryi; and w; stands for the ( - >_7/ ncden STl \F No
significantly fewer efforts for system expansion The application process of the developed IDPM-I-95 software (Time) associated with an incident number of existing rules using one or more factors from category I

Case Study Transferability Anglysis An example of an Application Model Evaluation

e Evaluated by groups of incident records
= 8 Collision, CPI2 Trar!sferring Accuracy Transferable or not
. . . _ Priority Grade
I-70 in Maryland was selected for the case study. The 2016-2018 incident : N
. . [Tow service arrived] » 1 86%(24/28) Yes
records from the CHART Il Database were for model calibration, and those + | CPI1 CPI2 CPD1 CPD2 CF Overall
from 2019 served for performance evaluation 50 i m—— o
T o) 87.80% 8537% 86.17% 87.50% 100%  86.94%
B 60 % [Peak hour] AND [M‘ltlre than 4 response =30 mins . 4 0%(0/1) No [Tow service arrived] Yes ::: (2016-2018) (36/41) (35/41) (81/94) (35/40) (6/6) (193/222)
w= unts]
= = 3 7 . No § . Test set 100.00% 68.75% 78.26% 90.00% 100% 81.67%
Manchester g 9 w [More than 1 involved vehicles] AND =30 mins > 6 MNaN%(0/0) No [More than 4 response units] * =30
f agerstown z § o @ % Motorcycle involved] mins
o NI @ . | o © P (10/10)  (11/16)  (18/23)  (9/10)  (1/1)  (49/60)
- .:.J Hampstead i é *E: % % E % . % [AOC center] =30 mins > 6 NaN%(0/0) Ma [Dry pavement] Yes
: __/'I Westminster ;% E E o 5 ) % é ?% % é % . E T | ‘ — $
= Timonium o I I I = = 5 % a o 8 =z s T R < No l
Lelefic I e o .'[f‘-'!cre th_an J response urTJts} OR [Police =30 mins .
’ Ballzlenc;er K - i Eldersburg i;;:wi;-.g"gmius Towsose 0 oo oa _ 3 LI_- - » 1l o frrstJr%r:rx;efgaiﬂsfj?ﬁtggvvz)e{;ie;?iiAND 103 NaN7%(0/0) No Else then (# of remaining data = 2)
: reek ANy { i i i Daytime] OR [More than 2 involve =30 mins
HEFpars e / Drbais Wil il Category # of responders | Vehicle status | Lane blockage | Pavement conditions| Time F]r:’:p?):é\;d 0[22:;2?" (M{eh,{@mﬂ”g‘}w,h;dz Ovemr;edf ", 104 NaN?%(0/0) No
ar e.[’s., err S o roana + I
Charles Town 1,\_\. Damascus _ » Baltimore Transfirabiflity 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 6 7 [Winter] OR [Night] =30 mins > 105 29%(2/7) No
J N icott Ci ran ing- . . .
Clrksbrg e SN p—— soms [ o Y " To circumvent the demanding developing efforts and the need for an
7/ Columbia ry pavement - es . 5 - . . .
| First arrived , Pavement Lane Operation , extensive dataset for calibration of an IDPM’s prediction rules, this
# of Responders Vehicle status o Time ) i
S responder conditions blockage center (a) study has proposed an innovative KTA model that allows the
oflision w: atall CPI1 - # of blocked lanes=1 C 2 P ’
W soscaomine meow | | Mean=Simins " O\]ferage) 2979/0.665°  247/0.074  1478/0.640  1220/0.203  343/0.154  596/0.079  684/0.268 o service aried) %0 _ | construction of a new system to take advantage of existing IDPMs
185~595mins -> 70% 10~8oming > 70% of cases f [ Lore thon s response i e Then 2 | Cases withD < LT < 30 minutes embedded rules with an automated process
165~615mins -> 80% 10~100mins -> 80% Accuracy [Dry pavement] <30
— 83%/0.377 75%/0.341 85%/0.383 89%/0.404 88%/0.398 82%/0.370 82%/0.371 [Snowice pavement AND IMiore than 2 response units arrived) <30 »  Cases with CT > 30 minutes . .
CPI2 - # of blocked lanes= 2+ (mean) Else then <30 " The effectiveness of the proposed model has been evaluated with the
Mean= 67 mins
Travel lane blockage Collision with Personal Injury| [, 15~95mins -> 60% P ti f . . _ . .
— Mo 20 i NI 15105 mins ->70% Conr,ii‘z;\'f;”rjles 0.59/0.331  0.80/0.449  0.64/0.357  0.39/0.246  0.68/0.380  0.69/0.386  0.81/0.457 S— - _ incident data from I-70 in Maryland, revealing that the performance of
~ : - ore than 6 response units arrive > o o
Mean=51mins | [ 15780mins->60% =™ j5.ggming > 60% J T e P v — o0 | Cases with 30 < CT < 60 minutes the IDPM for 1|-70, with 67% of transferred rules, can yield the
10~70mins -> 60% — 10~100mins -> 70% 15~100mins -> 70% E — val If — Then 1~ _ . L.
~120mi 80% . va 1000 0411 0642 1000 0567 0521 0444 [No tow service arrived] OR [No truck] 60
g Omine = 700 5~120mins > 80% 10~120mins -> 80% More than 1 track imvolved] 60 I c P —— prediction accuracy comparable to existing IDPMs that demand much
5~105mins -> 80% CcPD1 -nﬁezfnlil?lgk:ﬂgnEF 1 Rank 1 7 3 1 4 5 6 T o > ases Wi > 60 minutes ’ | :
ey more adeveliopment resources
Collision with Property —> 10~55mins -> 60%
Damage (CPD) Z-aemine > B0% First arrived Vehicle Pavement Lane Operation ; e : :
N Mean='45 mins >~85mins -> 80% # Of Responders : o : v o p : Time [More than 7 respond units arrived] OR [More than 5 vehicles involved] >120 u Futu re resea rCh along thls Ilne InC|UdeS: 1) eXtend|ng the KTA mOdEI’S
10~65mins -> 60% responder Status COndItIOnS bIOCkage Center [Maore than 1 truck involved] OR [More than 3 vehicles involved] OR [Hazard » Cases with 30 < CT < 120 minutes o
Shoulder only blockage 10~80mins -> 70% CPD2 - # of blocked lanes=2+ if | materials related] OR [More than 7 respond units arrived] Then 120 = application to major Signalized arterials mOStly Wlth 3 Sma” sjze Of
Mean= 51 mins 5~100mins -> 80% 1 Eﬂfgt’I: .58 mlggy Freq uency 134 15 129 41 31 16 54 [More than 4 vehicles involved] OR [Wet pavement] >120
- 10"‘?Umins -> GU% —> 5~ Sm!nS > 9 Truck invglued] >120 > CEISE'S W]th CT E 120 minutes 1 -d t d d 2 t t. | t I d I t
10~120mins -> 70% Optimal [ INClden recordas, dn ) constructing a suppiemental moduie to
5~80mins -> 70% 10~140mins -> 80% ptima Else then <120 -
5~105mins -> 80% transferability 1 7 2 4 3 6 5 o) enhance the efficiency and robustness of the rule-based IDPMs.
ranking




	Extending the I-95 Rule-based Incident Duration System with an Automated Knowledge Transferability Model 

