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The problem

- Several thousands of trucks carrying dangerous goods
circulate within European roads on daily basis.

- They utilise urban roads, rural roads, highways, tunnels
and long bridges and in some case they are not allowed Iin
some of them.

« However the actual accident risk and impact is not
calculated.

 In addition, when, due to unforeseen events (traffic jams,
accidents, etc) they need to change route, they do not
have any particular guidance on the safest alternative nor
are consequences of road choice to the business chain
and societal risk calculated.
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The proposed solution

« An innovative real-time decision support system (DSS) for
optimal routing of Dangerous Goods Vehicles (DGVs),
aiming at solving the above stated problems was
developed during the GOOD ROUTE research project.

 The DSS Is part of an automated system that aims at
reducing the overall risk of Dangerous Goods
transportation through European roads.

- Several subsystems (telematic modules, on-board units,
sensors, real-time data providing modules etc.) cooperate
towards the goal of maximising the safety of such
transportation, while also taking into account business
demands, network efficiency and conflicts resolution.
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The DSS

|t IS a software module situated in the Control
Centre of the Iinfrastructure.

It communicates with the other modules of the
system through web services.

It considers every DGV transport request
individually.

* For every requested DGV transport, it calculates
either the minimum risk, the minimum cost, or the
minimum combined-cost route.
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The DSS

« The calculated route is then submitted to the Conflict
Resolution Unit, which, having a complete view of the
road network, the ongoing and the scheduled routes,
or any incidents, accepts it or rejects it.

* In case the proposed route is rejected (e.g. because
certain road segments have exceeded their DGV
capacity or because of an accident ahead), the DSS
will calculate an alternative route, avoiding the
problematic parts of the road network.

 The above process continues until the Conflict
Resolution Unit finally accepts a proposed route.
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The DSS

It takes into account the individual and societal risk cost, in addition
to the economic cost, and calculates the optimum route by
eliminating the combination of them.

* The inputs to the system include

— the road network,
— population distribution data,
— sensitive “hot spots” (e.g. hospitals, schools)
— real-time as well as statistical traffic and weather data,
— statistical accident data,
— road characteristics,
— real-time vehicle and cargo status
 Those data are, whenever possible, time-dependent, with the day

being divided into a certain number of time intervals, each of which
corresponds to a different value of the time-dependent data.
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The DSS
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A generalised Event Tree
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Risk Model Hierarchy
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An example of Events

Liquid Leakage

« After an accident or a malfunction a flammable gas leaks.
(Associated probabilities for large and small leaks)
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An example of Events

Liquid pool formation
* A liquid pool forms — pool formation model.
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An example of Events

Pool fire
« There is a probability (e.g. 30%) of ignition.

Frr oo -

o




Ljubljana, Slovenia
21 - 24 April 2008

An example of Events

Pool fire

« As the pool fire develops the other compartments are
heated and the enclosed liquid may reach its boiling point
after a while. (Associated probabilities and models)
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An example of Events

Explosion (BLEVE)

* Pressure builds up while the container walls weaken
because of the intense heat. This may result (depending
on the amount of leakage and prevailing conditions) in a
“boiling liquid expanding vapour explosion” (BLEVE).
(Associated probability and céqn}s>eﬂufence modeling)
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The Individual Risk

« The Individual Risk for a
point-location around the _
dangerous goods Risk
transportation activity is Contours
defined as the probability
that an average unprotected acceptable +—F—— T —
person permanently present 1R <106 FTomo= |
at that point location, would U
get killed due to an accident
during the dangerous goods
transportation activity.

 |tis used to estimate the risk
of a hypothetical “average”
individual as a function of

distance from the hazard. Individual
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The Societal Risk (F-N curve)
g « The Societal Risk is defined as
R A the probability of N or more
. S fatalities due to an accident.
108025, D b « Societal Risk is usually expressed
o - in the form of cumulative F-N
curves, which are plots of the
108031 cumulative frequency F(n), of N or
-. more fatalities during a specific
* time period (e.g. 1 year).
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\  From an F-N curve a single value
C, can be extracted representing
the risk-related cost of a particular
road segment, at a certain time
interval, for certain weather
conditions and for a particular
cargo.
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Societal Risk Transformation
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Problems relative to the risk estimation

 Risk calculations are complicated and therefore time
consuming.

— They require the numerical solution of complex
differential-algebraic systems of ordinary differential
equations

« The risk calculation module of the DSS must span the

entire event tree for every link of the network for every
time slot simulated. Many similar calculations take place.

« Calculations must be performed in real time (order of 10
S).
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Mitigation techniques used

 Smart caching and interpolation scheme that takes
advantage of similarities in domain of simulation and
smoothness of solutions:

— Caches input variables and results of model runs

— When new run of a model is required cached results
are examined and if the new input parameters are:
within the convex hull; and close enough to already
existing ones, the new result is calculated by natural
neighbor interpolation. Otherwise the model is run
normally and new results are added to the cache.
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Economic Cost Evaluation

The following parameters are taken into account for the
evaluation of the economic cost:

— Average fuel price

— Average fuel consumption

— Work hour consumption

— Tolls price (per vehicle category)
— Vehicle category

— Vehicle average speed
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Optimum Route Calculation

W
Weighting factor

4 N

Time-Dependent Optimal
>‘ j‘> Lowest-Cost-Path j‘>
Algorithm Route

- )

C=WR+(1-W)C i) Fixed-departure time
ii) Fixed-arrival time

_

I: road segment

t: time interval
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Optimum Route Calculation Algorithm

A modified version of the Time-Dependent Shortest Path
Algorithm for Real-Time Intelligent Vehicle/Highway
Systems (Ziliaskopoulos and Mahmassani) was used.

* The Initial algorithm

— calculates the time dependent paths
 from all nodes in a network
 t0 a given destination node
« for every time step over a given time horizon
* In a network with time dependent link costs
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Optimum Route Calculation Algorithm

A modified version of the Time-Dependent Shortest Path
Algorithm for Real-Time Intelligent Vehicle/Highway
Systems (Ziliaskopoulos and Mahmassani) was used.

 The modified algorithm

— calculates the optimal path instead of the shortest path
(minimizing the total combined cost instead of the travel
time)

— can use rest points (points where the vehicle can stop)

— can also be fixed-arrival time, apart from fixed-
destination time
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Optimum Route Calculation Algorithm

 Let G=(V,E) be a V node finite directed graph, with E directed links
connecting the nodes.

« Every link has a time-dependent cost d(t).

« Letd;(t) be the total cost of travelling from node i to node ], when
depariure time from node i is t.

« Starting from the destination node N and moving backwards, the total cost
d, y(t) of travelling from every node i to the destination node is calculated.

« Let A(t) be the total cost of the current shortest path from node i to node N
at time t.

» Instead of scanning all the nodes in every iteration, a list of scan eligible
nodes is maintained, containing the nodes with some potential to improve
the labels A(t) of each other node.

- The accuracy of the algorithm raises as the number of time intervals
Increases.

* The rest points are represented by a cyclic link starting from and ending
to the same node.
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Optimum Route Calculation Algorithm

It can handle time-dependent data

The day is divided into a number of time intervals, each of them having
different values assigned to them. The costs (economic, risk,
combined) which are assigned to each road segment form n-size
arrays, where n is the number of time intervals.

. |t has two versions
— fixed-departure time
— fixed-arrival time

* It supports rest (stop) points

* It makes use of parallelization, so as to increase
the speed of calculations in multi-core processors,
or multi-processor systems
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The GOOD ROUTE Simulator

* Is a windows application built around the DSS

« simulates the DSS’s operation

 Is used for visualising and testing the DSS results
* has a functional and effective user-interface

 allows the user to change the economic and risk cost
parameters

 allows the user to change the time step that is used by the
route calculation algorithms

 displays the road network and the population distribution
for every part of the day (time interval)

« offers many options regarding the display of the GIS data

* gives the user plenty of information for the nodes, links
(road segments) and routes, just with a click of the mouse
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The minimum
economic cost

Generalinfo
Source node ID:
Departure date:
Risk weights 0

Date
02/04/2008
02/04/2008
02/04/2008
02/04/2008
02/04/2008
02/04/2008
02/04/2008
02/04/2008
02/04/2008
02/04/2008
02/04/2008
02/04/2008
02/04/2008
02/04/2008
02/04/2008
02/04/2008
02/04/2008
02/04/2008
02/04/2008
02/04/2008

1359
02/04/2008

Time
11:30:00
11:30:04
11:30:23
11:30:37
11:30:43
113510
113513
113531
11:31:33
11:31:38
11:31:45
11:31:50
11:32:00
11:32:14
11:32:36
11:32:37
11:32:39
11:32:45
11:32:46
11:32:47

Slat

cocococcocccccocooooooan

Destination node ID:

Departure time:

Node ID
1359
1358
3322
2608
2607
416
415
12
1605
439
438
2710
3748
678
677
3463
1831
1830
3524
798

I

526

11:30:00
Link 1D Link IID
1360 58077415
4706 58077526
4213 58077561
2954 55077533
4308 58077679
380 54302005
333 64309004
6166 56101099
1628 56101096
401 55101102
3119 56138273
7163 55138272
5255 69344413
623 70029446
6172 70028444
4510 58078025
1900 58078070
7124 69830020
4938 59330021
3274 70083007

Link Direction
Backwards
Backwards
Backwards
Backwards
Backwards
Backwards
Backwards

Forward
Backwards
Backwards
Backwards
Backwards
Backwards
Backwards
Backwards
Backwards
Backwards
Backwards
Backwards
Backwards

Cost
0.025667
0.151800
0.055733
0.041067
0.167200
0.021267
0.115867
0.013200
0.031533
0.048400
0.030800
0.063067
0.087267
0.137867
0.011000
0.012467
0.040333
0.011000
0.011000
0.079833

route between
A two locations.

Longtitude: 505948.55

Latitude: 207916, 18

UM
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‘GoodRoute Simulator

fle View Tools Routes Help

EEd & .

Ready

Route #1| Route #2 |Route 23

General info
Source node ID: 1359 Destination node ID: 525
Departure date; 02/04/2008 Departure time:  11:00:00
Risk weight: 1
= Date Tme St | NodeID  LinkID Link D | Link Direction Cast
0 02042008 11:00:00 0 1358 1360 56077415  Backeards  0.045308
1 02/04/2008 11:00:04 0 1358 4706 56077525  Backwards 0267963
2 02042008 1L00:28 0 3322 4213 56077561  Backads  0.089382
3 02/04/2008 1L00:37 0 2308 2854 56077588 Backwads  0.072482
4 02042008 1L:00:43 0 2307 4808 56077678 Backnads  0,295147
5 02/04/2008 110110 0 416 380 §4309005  Backwards  0.037541
6 020042008 11:01:13 0 415 3336 54309004  Backwards  0,204532
7 02/04/2008 11:01:31 0 1122 6166 56101099 Forward 0.023301
8 02/04/2008 11:01:33 o 1805 1628 56101096 Backwards 0.055664
9 02/04/2008 11:01:38 0 433 401 56101102 Backwards 0.085437
10 02/04/2008 11:01:45 0 438 3113 56138273 Backwards  0.054369
11 02/04/2008 11:01:50 0 270 7483 56138272  Badwards  0.111328
12 02/04/2008 11:02:00 0 3748 5250 69844418 Backwards  0.15904
13 02/04/2008 11:02:14 0 578 620 70029446  Backwards 0321863
14 02/04/2008 11:02:35 0 677 6172 70023444 Backwards  0.031813
15 02/04/2008 11:02:37 0 343 4510 56078028  Backwards  0.036168
16 02/04/2008 11:02:33 0 1831 1900 56078070 Backwards  0.117013
17 02/04/2008 11:02:45 0 1830 7124 59830020  Backwards 0031913
15 02/04/2008 1L0246 0 3524 w6 698347 Forward  0.188284
19 02/04/2008 1L0256 0 3525 5078 56097225 Forward  0.293596
[ I ] 2
Longtitude: 608255.59 _ Latitude: 20381030 oM

The minimum
risk route
between two
locations.




Ljubljana, Slovenia
21 - 24 April 2008

GoodRoute

ulato jEamifFd
Fle Vew Tods Routes e

E83 =

The minimum
combined cost

, Rl rou te b etwe en
two locations

Riskweight: 0.5

>

Date Tme  Slot| ModeID  LirkID LinkTID | Link Direction Cost

14 02/04/2008 11L.02:36
15 02/04/2008 11.02:37

677 6172 70029444 Backwards 0.021456
3463 4510 56078028 Backwards 0.024317

0 02/042008 0 1359 1360 56077415 Backwards 0.035487 =
1 02/042008 0 1358 4706 56077526 Backwards 0.209881 b
2 02f04/2008 11:00:28 0 3322 4213 56077561 Backwards 0.077058
3 02f04/2008 11:00:37 0 2608 2954 56077588 Backwards 0.056780
4 02/04/2008 11:00:43 0 2607 4509 56077679 Backwards 0.231174 —
5 02f04/2008 11:01:10 0 416 380 64303005 Backwards 0.029404 —
6 02/04/2008 11:01:13 0 415 333 64309004 Backwards 0.160153 u u
7 02042008 11:01:31 0 1122 6166 56101099 Forward 0.018251
8 02/04/2008 11:01:33 0 1505 1628 56101096 Backwards 0.043593
9 02/04/2008 11:01:38 0 439 401 56101102 Backwards 0.066312
10 02f04/2008 1 0 438 3119 56138273 Backwards 0.042585
11 02f04/2008 1 0 2710 7163 56138272 Backwards 0.087197
12 02f04/2008 1 0 3748 5259 59844418 Backwards 0.120656
13 02/f04/2008 1 0 878 629 70029446 Backwards 0.229788
0
0
16 02/04/2008 11:02:39 0 1831 1900 56078070 Backwards 0.078673
17 02/04/2008 11:02:45 0 1830 7124 9830020 Backwards 0.021456
18 02/042008 11.02:46 0 3524 4046 59834734 Forward 0.120692
19 02/042008 11:02:56 0 3523 5079 56097225 Forward 0.188198 ]
<l m J (2]

Ready Longtitude: 606677.16  Latitude: 20993172 INuM
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Possible extensions

The described system can be extended to also
calculate and eliminate:

— the long-term damages to people’s health (e.g. as a
result of a chemical intoxication that doesn’t produce
Instant measurable damages)

— the damage to the environment
— the damage to the infrastructure
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Thank you for your attention!




