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PedGo and AENEAS

PedGo and AENEAS are software packages developed by TraffGo HT GmbH for
evacuation analyses. Both are based on the same model but differ in details of
functionality. PedGo is the basic version for everything and was developed for
evacuation analyses on land. AENEAS offers extra functions for maritime appli-
cations. It is distributed in cooperation with Germanischer Lloyd AG and offers a
ship motion module.

As both programs are quite similar, this manual covers the functionalities of

PedGo as well as of AENEAS. Terms like e.g. “editor” or “simulation” refer to the
following groups of programs:

Name PedGo AENEAS
Editor PedEd AENEASed
Simulation PedGo AENEASsIm
Viewer PedView AENEASview
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1 Introduction

Congratulations on choosing PedGo or AENEAS! Our software constitutes the
current state of research and is based upon up to date findings of science. Due
to the consistent use of discrete algorithms PedGo/AENEAS is one of the fastest
simulation programs available. This in combination with the intuitively usable in-
terface allows for a fast and efficient analysis and a quick comparison of different
evacuation concepts.

We, the employees of TraffGo HT, will maintain our ambition to provide one of
the leading software programs to you through flexibility and a close customer
relationship. Due to persistent development and the implementation of scientific
findings you can be assured that it will remain this way in the future.

The following manual illustrates how the floor plan is modeled and the simula-
tions are conducted. The design of the bodywork enables you to learn about the
Simulation and the Editor by working through it just like a textbook. Even though
the software is based on a sophisticated model you will soon find out, that even
good and efficient models can be understood and used easily. All the software
enclosed underlies a persistent development. Thus, slight differences between
your software version and the content presented are possible. In case of signifi-
cant alterations you will receive supplementary or renewed chapters.

Especially with a software like an evacuation simul ation, it is important to
comprehend how the model works in order to interpre t the outcomes cor-
rectly. As many information as the simulation provi des, it cannot be disre-
garded that it only reflects an idealized case and thus reality never can be
reproduced with all its contingencies. A simulation is just as good as its
assumptions!

Information about new releases, fixed bugs and new functions can be found on
our homepage at http://www.traffgo-ht.com.
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2 An Overview

The software package consists of several applications, which will help you step
by step through the evacuation analysis. You will use the editor for the first steps.
After the import of CAD drawings you can use it to rework the geometries. The
editor also serves to define routes, which the agents will follow and you will
“populate” the floor plan by indicating which amount of agents will be distributed
where.

Ed"m,TEnm,3Fussg.‘a‘nger"‘.‘ﬂ-ﬁprniekteMaritim"-ﬁ-ﬁ-l]l =3l x| The edItOI’ |S used tO
=R T E . .
. ; import of CAD drawings,
[ EE als]a
CIIE - prepare the geometry,
II:I!}E £l . define exits and routes, and
g istri
[TrT1 g — 5 to distribute agents.
DSl L LASRSE 1 saves the project file with the file-
[Drawing coords: % = 96.5m , ¥ = 14.5m |cell coords: 237,4,2 [ v eXtenSIon pgz

The project file is loaded into the simulation which performs a statistical analysis.
This means that e.g. 500 evacuation runs are simulated for each project. The
results are then evaluated statistically.

Each single run can be repeated in order to obtain detailed information.

=84 The simulation loads the project file
P:.rsu:h:: 54? g @Feinseum E‘ ﬂ ,F Seed: - (file eXtenSion pgz) and iS used:
Situstion | Density | D Index | .-
m - for statistical analyses of the
L 1§ B B .
= ] | evacuation (500 runs), and
for the repetition of individual runs
= for detailed data.
DEc: The results are saved in tables, dia-
| grams and a log-file with the file ex-
|tc) 2008 by TrafFGo HT GmbH |APT: ok [Dongle: ok [Licz ok | 7 tenS|on 3d|

The tables and diagrams help to analyse and interpret the results. The log-file
(file extension 3dl) can be read by the viewer, which visualizes the evacuation
process in a three dimensional environment. The viewer is free of charge, thus it
can be copied and passed on your clients to enable them to look at the results
themselves.
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e == The viewer loads the project-file

File Views Animation Settings Help

(file-extension 3dl) and:

visualizes the process three di-
mensionally, and

creates screenshots.

It can be copied and distributed free
of charge.

Lights: 3 [Time: 0:53mn [Saved: 11
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3 Model

The basis of the simulation model is a so called multi-agent-model, which is
based on a cellular automaton ([1], [2], [3], [4]). Thus agents are represented as
individuals (=agents) with independent attitudes, abilities and goals in a discrete
space and discrete time.

3.1 Discretising

The floor plan that is to be analyzed is fragmented into a grid of quadratic cells
(Fig. 1). The length of the cell edges is 0.4 meters, thus the total cell area is
0.16 m2. The agents occupy one cell and when they move, they jump from cell to
cell, just like the figures of a chess game.

Fig. 1: Example for discretising the floor plan.

The cell area represents the area an agent uses within a congestion. It is based
on scientific observations [5]. Hence the maximal density of agents in this model
accounts for 6,25 P/mz2.

The functional relation between the flow of agents (agents per meter width and
seconds) in dependence of the density (agents per square meter) was derived
from empirical research [6]. It shows, that the flow decreases, after a maximum
flow is reached and the density is further increased (Fig. 2).
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Fig. 2: Fundamental diagrams of the simulation model and
empirical determined data (Weidmann, Hankin & Wright,
Predtechenskii & Milinskii).
3.2 Cell Types

In order to represent the floor plan in a realistic manner, the cells contain differ-
ent information.

3.2.1 Free Cells

The simplest types are free cells. They can be entered by an agent without influ-
encing the agents movement. In the following illustrations they are represented
by white cells.

3.2.2 Wall Cells

To consider walls, furniture or other objects influencing the movement of agents
physically, wall cells are introduced. These are cells which are blocked, thus they
cannot be entered by agents. In the following illustrations they are represented
by black cells.
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o> &

Fig. 3: Cell type ,Wall“. On the left in continuous space on
the right its equivalent in the simulation-Model (black cells)

3.2.3 Exit Cells

Each agent entering an exit or goal cell of the route it follows is either marked as
saved and removed or lead on to another route (depending on the route type). In
the following illustrations the exit cells are labelled E (=EXxit).

Fig. 4: Cell type ,exit". On the left in continuous space on
the right the equivalent of the simulation-model (E = Exit).

Various interval- and blocking durations can be assigned to the exit cells of the
floor plan to diversify the rescue behaviour. The following durations are available:

Preparation: During this period the exit cells of a route are blocked; as a
result of this, agents wait on the exit cells until the Preparation
duration is elapsed.

Per Agent: This duration defines, how long an agent stays on an exit or
destination cell until it continues (being saved or waling on).

Max. Capacity: | The maximum capacity defines how many agents can be res-
cued by a route. After that the cells are blocked.

Open Time: The open time defines how long an exit is active. After that it is
blocked.

© 2009 by TraffGo HT GmbH 3-3
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Amid Time: If the exit is blocked because of Max. Capacity or Open Time,
the Amid Time defines the duration, until the exit cells are open
again.

Max. Cycles: This value defines the amount of cycles in which the durations

mentioned above are active. After that the exit cells are
blocked until the simulation is finished.

3.2.4 Door Cells

Doors decrease the flow of agents by reducing their walking speed, when they
pass. In the following illustrations, door cells are labelled D (=Door).

Fig. 5: Cell type ,door”. On the left in the continuous space
on the right its equivalent in the simulation-model
(D = Door).

3.2.5 Stairs and Jump Points

To take stairways into account, stair cells are introduced. They influence the flow
by approximately halving the velocity of agents. If a stairway connects different
floors, jump cells are introduced on the upper and lower end of the stairs, defin-
ing the direction of the stairway.

In the following illustration, the steps of a stair are labelled S (Stair) and cells,
defining the direction UP and DN (Down). The sides of the steps have to be re-
stricted by wall cells.

© 2009 by TraffGo HT GmbH 3-4
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Fig. 6: Cell type ,stair* and information about the direction.
On the left in continuous space on the right its equivalent
in the simulation-model (S = stair, UP, DN = down).

Stairs are always projected on the lower floor and can be used in both directions.
This leads to the following paths:

Fig. 7: The UP- und DN-Cells at the beginning of each
stairway define the direction, resulting in the paths dis-
played.

Due to the cells UP and DN an agent ,knows", whether it is moving up or down
on the stairway and when to change the floor. Mainly this is managed through
the transition from a stair cell (S) to the DN-cell as follows:

© 2009 by TraffGo HT GmbH
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present cell following cell action

S DN Move up one floor.

DN S Move down one floor.
3.3 Potential

On their way to the exit cells the agents follow the routes, which are specified by
the user. For orientation, agents make use of potentials. For each route the cells
have a value which is increasing proportional to the distance from the exit/goal
cells. The agent finds its way to the end of a route by comparing the potential
value of the cell it is standing on with the value of the neighbouring cells.

3.3.1 Definition of Routes

Starting at the exit or destination cells the potential spreads out over the acces-
sible cells (free, jump point, door and stair cells). Due to the users definition of
the routes the corresponding door and stair cells are marked and thus the spread
of the potential can be controlled as follows:

1. From the exit cells, a potential value is assigned to all cells of the as-
signed room. Its boundaries are wall-, door- and jump cells. While the po-
tential is spreading, all jump- and door cells which are marked as routes
are saved for the next step.

2. From the cells saved in step 1, which were marked as route cells, the po-

tential spreads into the following rooms like in step 1. Once again, all the
new cells which are marked as routes are saved.

3. Step 2 is repeated, until no more new route cells are found.

4. The potential is spread from door- and jump cells, which were not marked
as route cells, into the remaining rooms, until all accessible cells are given
a potential value.

The impact of the definition of routes on the spread of the potential (blue and
green cells) can be seen in the following example. Regular doors are marked
yellow; the ones that mark the route are red.

) )

Step 1. The potential reaches Step 2: The potential spreads Step 3: Passing the last
the upper deck through the along the marked doors and marked door the potential
stairway. stairways. reaches the cabins.
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Step 4: There are no further Step 5: The potential spreads Step 6: The spread of the
marked route cells. Hence the across all accessible cells. potential is finished.

potential passes through the

next regular door cells.

3.3.2 Types of Routes

There are two different types of routes, which lead the agents to the exit. The
only difference between them is the action people take, when reaching the goal.
1. Final Route: People reaching their destination are re-
garded as saved and are taken out of the simulation.

2. Intermediate Route: People following the intermediate
route and arriving at the destination, switch to a final
route and then move towards its destination.

i

/li

SN

Fig. 8: Example of the different types of routes: at first the
agent on the ground floor is allocated to the route leading
to the second floor, which is an intermediate route (blue).
Arriving at the destination of this route, the agent chooses
a final route (green) and is led to the exit on the ground
floor.

\

3.4 Agents

The simulated agent can enter all cells except for wall cells. Only one agent per
cell is allowed. While moving, it blocks the cells, which have been entered during
one time step (1 second). Through this a correlation between flow and density
develops (see Fig. 2). This is called self organisation.

© 2009 by TraffGo HT GmbH 3-7
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3.4.1 Parameter

Each agent possesses its individual parameters which are allocated at the be-
ginning of each run.

The following parameters are applied:

1. Velocity (Vmax): The amount of cells an agent can cover at max within one
time step (cells per second).

2. Patience: The maximum time an agent can stand still (e.g. in a conges-
tion) before changing its route and attempting to find an escape route
leading in the opposite direction.

3. Sway: The accuracy, with which an agent follows the course of the poten-
tial (see 3.4.2).

4. Reaction: The duration an agent needs to respond to the evacuation sig-
nal, e.g. start moving.

5. Dawdle: The probability, for an agent to reduce its walking speed, e.g. to
stand still for the rest of a sub time step.

6. Inertia: The agents try to continue on their walking direction (see 3.4.2).
7. Clustering: The grade of cohesion in a group (e.g. families, groups).

The parameters can be assigned by normal or equal distributions. They are de-
fined by a maximum and minimum value and in case of a normal distribution by
the mean and standard deviation.

In addition the simulation offers two fixed parameter settings, representing the
day- and night-case prescribed by the IMO guideline (International Maritime Or-
ganization).

3.4.2 Orientation

The orientation of the agents is explained in the following example ([8], [9]):

© 2009 by TraffGo HT GmbH 3-8
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Fig. 9: The cells are marked by indices. The agent is
standing on the cell with the index 0 and is turned to the
right.

The agent can choose between 8 cells in the next step. The probability p, for the
choice of each cell i is calculated as follows:

_ — pi Probability for the choice of the cell i.
Pi Potential value for the cell i.
Po Potential value for the cell i=0.
S Parameter Sway

S is the value for swaying (Sway). The greater this value, the bigger the similarity
of the eight probabilities. Hence the agent orientates less by the decline of the
potential, but instead moves more randomly.

After calculating the probabilities for the eight different directions the probability
of the current direction is being multiplied by the value for inertia

Probability for the choice of the next cell
in direction of movement

pdirection - pdirection X I:)direction

Inertia

Hence the current walking direction has a bigger influence and this is more likely
to be chosen.

3.4.3 Movement and Update

The way and order simulated agents are moved is called update. There are dif-
ferent versions, differing not only in degree of complexity but also diversely af-
fecting the fundamental diagram of the model (see Fig. 2). The simulation uses a

© 2009 by TraffGo HT GmbH 3-9
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so called Random Shuffled Update, which in its result is similar to a Parallel Up-
date, but leads to higher computational rates. In one time step (= one second),
the agents are moved in a certain number of sub updates. This number equals
the maximum walking speed of the whole population (e.g. 5 cells per second). In
one sub update the agents are moved in a constant changing order by one cell
until they are blocked by the surrounding or they reached their maximum walking
speed.

t Sub Update

n maximum number of
cells per time step

time time step (1 second)

Fig. 10: Random Shuffled Update.

Fig. 11: Example for the update: Step 0: Both agents are
standing in a row in a corridor with the width of one cell.

© 2009 by TraffGo HT GmbH 3-10
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Step 1: The black agent moves over two cells, the white
one has to wait. Time step 3: The former blocked cells of
the black agent are now released and both agents can
walk.

The sub update of an agent is shown in the following flow chart:

Fig. 12: The movement algorithm of one agent in one sub
update.
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4 PedEd/AENEASed

The Editor is an independent program, which can import CAD draw-
ings in dxf format and convert them automatically into the simulations
grid. Floor plans can be edited by hand, for example by moving or
drawing lines. So far the dxf file version 12 is supported (elements
LINE, TEXT, CIRCLE, ARC, POLYLINE and VERTEX as well as
blocks). Circular arcs are resolved into single LINE-elements. Since
dxf-files can include a variety of elements the editor is developed con-
stantly on the basis of practical requirements.

Each floor is imported individually and appears on its own tab sheet,
which can be selected through the tab-field on the right side of the
window.

4.1 Creating a Shortcut in the Start Menu

In order to start the software more easily, you can create a shortcut in the start
menu with the following steps:

1. Right-click on ,Start".
2. Choose ,Open All Users” (Fig. 13)

Fig. 13: Open All Users

3. The explorer window opening shows the structure of the start menu. You
can create folders or shortcuts which will be shown in the start menu. To
do this please right-click into the explorer window and choose “New”
“Shortcut” (Fig. 14).

© 2009 by TraffGo HT GmbH 4-1



User Manual PedGo/AENEAS PedEd/AENEASed

Fig. 14: New  Shortcut

4. Click “Browse" and choose the executable file (e.g. PedGo.exe) (Fig. 15).

Fig. 15: Choose the programme

The new entry is now shown in the start menu. You can rename it by right-
clicking on the entry and choosing the menu item “rename”.

© 2009 by TraffGo HT GmbH 4-2
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4.2 Control Elements

The editor consists of three main elements, which control each of its functions:
the two control windows (View und Tools), which can be placed arbitrarily and
the menu on the top of the editor window.

4.2.1 Menu

The menu on the top of the editor window provides the following buttons:
Start a new project (erase old data).
Open an existing project.
Reload the actual project.
Save current project.
Rapid saving (only tdf-files).
Define colour coding.
Import a floor as a dxf file.
Grid filter: Display the grid.
Cell filter: Display cell information.
dxf filter: Display original dxf- elements
tdf filter: Display filtered and rounded dxf-elements.
Tag filter: Show route tags.

Bottleneck filter: Show bottlenecks.

Additionally the menu offers the following items:

Project

Save as... Saves the project under a new name.
Floor

Rename Rename the active floor.

Reverse order
Move up

Move down
Duplicate
Remove

New

Update extends

© 2009 by TraffGo HT GmbH
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Move up active floor.

Move down active floor.
Duplicate the active floor.
Remove the active floor.

Insert a new floor.
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Cells

Go tocell... Sets the focus on the specified cell.

Autocalc cells Calculates the cell information automatically, when ele-
ments are edited.

Calculate cells Calculates the cell information.

Clear Deletes the cell information.

4.2.2 View window

The View window can be used to posi-
tion and to enlarge the view of the floor
plan. If the right mouse button is con-
tinuously pressed, a specific zoom
area can be chosen and will be

enlarged (zoom function). Fig. 16: The view window.

The buttons of the view window allow for the following functions:
Zoom in and out.
Zoom in on the complete floor
Zoom in on the height of the floor.
Move the view according to the direction of the arrow.

Set the zoom to its last value.

4.2.3 Tools window

The tools window is used to edit the floor plan. It includes the tab-sheets Geome-
try, Routes and Persons. Depending on the selected sheet, the buttons change
and different actions can be conducted.

4.2.3.1 Tab sheet “Geometry*
The tab sheet Geometry contains buttons to edit the geometry of the floor plan.

Fig. 17: The tools window with the tab sheet Geometry se-
lected.
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The tab sheet Geometry offers the following functions:

Selecting elements. If elements are selected, the actions af-
fect only these elements, until they are unselected. By click-
ing on an element, it will be unselected.

Unselect elements.
Delete element by clicking on it.
Undelete.

Move a node of an element. If elements are selected only the
nodes of the selected element are affected.

Move selected elements.
Draw a new element in the chosen colour.
Break elements.

Recolour an element.

4.2.3.2 Tab sheet “Routes”

The tab-sheet Routes is used to insert and edit egress routes.

Fig. 18: The tool window with the selected tab sheet
Routes.

The following menu items different to Geometry are offered:
Define exit cells for the selected route.

Mark doors and jump points for the selected
route.

Show information of chosen routes.

Choose or define new routes.

Before routes can be added to the floor plan, they have to be defined. Choosing
“New Route” in the route window, a new dialogue window (Fig. 19) is opened.
Here, you define the name and the type (intermediate or final) of route (3.3.2).

© 2009 by TraffGo HT GmbH 4-5
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Fig. 19: Dialog for defining new routes and their attributes.

Routes, destinations and agents are displayed in different colours depending on
their type: green for final routes and blue for intermediate routes.

Furthermore destination elements are printed bold, opposite to route elements.
All elements which are currently not selected are displayed in a lighter colour.

By pressing the button , an overview window is opened, showing project statis-
tics like the defined routes and the number of agents assigned to them. Within
this window, the route data can be edited (delete, rename, change of the route

type).

Fig. 20: Window for route definition

4.2.3.3 Tab sheet “Persons*
The tab-sheet Persons is used to insert and edit groups of agents.

Fig. 21: The tool window with the selected tab sheet
Agents.
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It offers the following additional functions to Geometry:

Add new agents.
Change agents data.

Show information of chosen groups.

Insert a log point to record the number of
agents per time for the marked room.

Active route to which the agents are as-
signed.

Define agent groups.

4.2.4 Colour Coding

Attributes like wall or door can be as-
signed to the colours used in the dxf
file. Hence the workflow is accelerated
and automated.

Select a colour and push the button to
assign an attribute. The following at-
tributes are available: Wall, Door,
Stairs, Exit, Up, Down and Route. Re-
peatedly pressing the button cancels
the assignment.

By using the button Set as default the
defined colours can be fixed for up-
coming plans.

Fig. 22: The colour coding dialog
for defining colour attributes.

4.2.5 Hotkeys

To improve handling, the following functions can be conducted by pressing hot-
keys:
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‘right mouse button’: Zoom into the rectangle originated by pulling the
mouse.

‘alt’ + ‘right mouse but-

ton’: J Move the plan by the mouse.

‘ctrl’ + ‘left mouse button’: Select all elements within the rectangle.

‘shift’ + ‘left mouse but-  Elements can be selected or unselected by clicking

ton’: on them.

‘del’: Delete selected elements.

4.2.6 Insert and Change Agents

To add agents into the floor plan, press button . By clicking on the floor plan, a
dialogue window opens (see Fig. 23). Within this window the amount of agents
can be entered and the corresponding route as well as the corresponding group
are defined.

Fig. 23: The dialogue window to insert and change agents

As mentioned before agents that belong to a final route are displayed in green,
those who follow an intermediate route are blue.

By pressing the button  the number of agents and their route and group can be
changed. To do this, the route of the agents has to be selected in the tools win-
dow. Several agents can be changed in one step by selecting them (CTRL + left
mouse button opens a selection rectangle). The following window for editing the
agents (Fig. 24) opens:
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Fig. 24: Window for editing agents if several agents are se-
lected

Agents can be allocated to either a room or an area (see Fig. 25). To define the
area, a rectangle can be created by enlarging the definition-rectangle through
pulling it after the button for moving nodes has been chosen in the Tools-
window. To do this, the actual route has to be selected in the same window.

Fig. 25: Two possibilities of agent distributions: On the left,
four agents are allocated stochastically over all cells of the
room. On the right, they are allocated on the marked area.

4.2.7 Defining Groups

Groups help to allocate different characteristics to agents, like a passenger and a
crew group which will react in different speeds.

By pressing the button in the tab sheet Agents a new window is opened
(Fig. 26) in which you can define groups or edit groups that are already defined.
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Fig. 26: The dialog for defining groups and their attributes.

4.3 Generate the project

The handling of the editor can best be learned by practical appliance. In the fol-

lowing example, modelling and defining a project is explained by a virtual office
building.

1st floor

ground floor

Fig. 27: The virtual office building used as a simplified ex-
ample. Furniture is displayed in red, escape routes in
green.

Since the editor allocates the characteristics of the elements in accordance to
their colours, you can save time by using appropriate colours in the CAD file.

© 2009 by TraffGo HT GmbH 4-10



User Manual PedGo/AENEAS PedEd/AENEASed

1st floor

ground floor

Fig. 28: The correctly dyed office building. In this case the
colours mark the following characteristics: black = wall,
red = wall, dark green = stair, turquoise = ignore, yel-
low = door, light-green = escape routes.

To explain the function of the escape routes (see 4.3.2), the routes run out of the

room on the upper right through the bordering room instead of leading directly
towards the corridor.

4.3.1 Import Floors

To import every single floor, the corresponding file has to be selected after
pressing the  key. Start importing from the lowest deck on. The first figure on
the tab-sheet on the right side displays the order.
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Fig. 29: View of the first imported floor. Since the button
,dxf* is not pressed only rounded elements are shown.
Projection errors may occur.

After all floors have been imported the original dxf-elements can be viewed by
pressing the button. The button displays the same elements but they are
rounded onto the cells. This may lead to rounding errors, e.g. a wall might be
shifted. This can be repaired with the use of the  button of the Editor.

After the colours of the elements have been defined through the use of the win-
dow Colour Coding the menu item Cells®Autocalc Cells can be selected.
Through this the Editor recalculates all cell characteristics after an alteration
automatically.
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Fig. 30: The calculated cells, after the colours have been
defined with Colour Coding. Turquoise and light green
elements have been filtered out. Rounding errors were

removed.

4.3.2 Stairs and Jump Points

Due to the dark green lines denoting steps
in the dxf-file the editor automatically allo-
cated the characteristic ‘steps’ to the cor-
responding cells. But the cells defining the
direction of the stairs are still missing.

Fig. 31: Bottom and top of the stair are
marked with new colours.
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Choose a new colour (Drawing Colour in
the tools window) and draw lines at the
related spots. After allocating the attrib-
utes to the colours with the use of the dia-
logue window Colour Coding, the ade-
guate symbols appear.

Fig. 32: After allocating the at-
tributes to the colours the ade-
gquate symbols appear in the
corresponding cells.

Since the staircase ends on the upper floor, the cell information is restrained to
the downward directing cells and the adjacent stair cell.

Fig. 33: Modelling the stairway in the upper floor. Since it
just leads down a cell line of ‘down’-cells and a following
row of ‘stair’ cells is sufficient.

4.3.3 Define Routes

Routes have to be defined before they can be assigned in the floor plan. Press-
ing the button  opens the corresponding dialogue window. In this case all final-
routes lead through the left (here: ‘Pax, left staircase’) and the right staircase
(here: ‘Pax, right staircase’). For the clarification of the intermediate route an ad-
ditional route is defined (here: ‘Crew’) running through both staircases towards
the hall of the upper floor.
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Fig. 34: The route window with all defined routes.

In order to define a destination of a chosen route, draw a line while the button
Exit is pressed. The destination elements are displayed in thicker lines com-
pared to the lines marking the routes.

Fig. 35: Destinations of routes. On the left (green), the
destination of a final route behind the exit of the building
and on the right (blue) the destination of an intermediate

route in the hallway of the upper floor.
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Fig. 36: All three routes in the floor plan. For clearness, the
route “final, left staircase” is displayed in red

The definition of the routes influences the spread of the potential. Using the route
lines, doors and stairs are marked, by which the potential primarily spreads. If no
further marked door and jump cells can be identified the potential spreads
through the remaining rooms (see 3.3.1).
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Fig. 37: The spread of the potential displayed for a simpli-
fied example (from top left to bottom right). The dotted
grey line displays the shortest route, while the spread of
the potential following the continuous line (egress route)
makes the agents leave the middle room through the bot-
tom door.

Fig. 38: The completely modeled storey including defined
escape routes and destinations (light green and blue).
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4.3.4 Add agents

Add agents to the project according to the way described in chapter 4.2.6.
Agents can also be added through the dxf file. The editor allocates numbers (text
elements) in the file as person amounts and assigns them to the first route within
the project..

4.3.5 Saving the project

When saving the project, the editor creates the following directory structure in the
project directory (here: /Projectname):

—Eﬁ Projektname

dxf

stockO.dxf
stockl.dxf

L) tof

—— stockO.tdf
— stockl.tdf

— Projektname.pg2

Fig. 39: The directory and file structure of simulation-
projects.

All paths of the project are saved relative to each other, so you can copy the
complete directory without causing problems. Simplified dxf files are saved in the
directory /dxf, while the data of the rounded elements as well as all newly drawn
elements are saved in the directory /tdf. The project file (Projectname.pg2),
which provides all the data necessary for the simulation, is situated in the project
directory. It can be opened by PedGo or AENEASsIim.
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5 PedGo/AENEASsImM

PedGo or AENEASsIm is the core of the software package. These programs run
the simulation and allow for analyzing, evaluating and saving the results. Since
each real evacuation varies in its sequence, the simulation is not just run once
but several times (typically 500 times). The results are analyzed statistically.
Each run can be repeated to get more detailed information.

5.1 Create a Shortcut in the Start Menu

To create a shortcut in the start menu please follow the instructions under 4.1.

5.2 Licence

5.2.1 Activation

The software is activated by a dongle, which means that it is not linked to one
computer. As long as the licence duration (saved on the dongle) is valid and the
dongle is plugged into the USB port of your computer, the software runs for an
unlimited amount of agents. With the dongle missing, projects with up to twenty
agents can be simulated.

Fig. 40: Dongle to activate the software.

The duration of usage, the customer name, number and the dongle number are
saved on the dongle. All data is noted in the program certificate of the licence
agreement.

To use the software, please plug the dongle into a free USB port of your com-
puter and start the software. The data saved on the dongle is shown by clicking
Settings  Licence in the menu.
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Fig. 41: Window showing the dongle information.

In the status bar of the simulation window, you can see, if the dongle is plugged
into your computer and is recognized (Dongle: ok) and if the licence is valid (Lic:
0k).

5.2.2 Updating the Dongle

To update the dongle, you get a license file (*.lic) via email. Plug the dongle into
a free USB port of your computer. Start the software and choose Set-
tings Licence in the menu. The licence window (see Fig. 41) opens. Click the

-Button to open the licence file. Choose the licence file and confirm your
choice. The licence window will be actualized if updating the dongle was suc-
cessful.

5.3 Elements

The program window consists of two main elements by which you can controle
all functions: The menu buttons at the upper end of the window and the three tab
sheets Situation, Density and Dir. Index.

© 2009 by TraffGo HT GmbH 5-2



User Manual PedGo/AENEAS PedGo/AENEASsImM

Fig. 42: Screenshot of the simulation software.

5.3.1 Menu
The menu of the main window consists of the following buttons:

Load project.
Save project.

Refresh project, to reload it after implementing changes in
the Editor

Modify simulation settings.

Modify demographic settings.

Modify exit settings.

Only AENEAS: Modify ship motion settings.
Perform demo simulation.

Perform mean value simulation.

Perform single simulation.

Stop current simulation.

Show start window.

Set zoom.
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5.3.2 Tab sheet Situation

The tab sheet Situation shows the current situation. Cells representing walls are
displayed grey, stairs and doors in various shades of blue. Agents are visualized
by moving dots, changing their colour according to their walking speed. The col-
our gradient varies from green (maximum walking speed) via yellow to red (no
speed). The cell information gets visible when you increase the zoom level.

Fig. 43: Screenshot of the tab sheet ‘Situation’. It visual-
izes the actual situation.

In order to increase the computational rate (e.g. during mean value simulations),
the update of the visualization can be switched of by pressing the button  on
the top left corner of the tab sheet.

5.3.3 Tab sheet Density

The tab sheet Density visualizes the summary of the complete evacuation proc-
ess. In order to evaluate the result correctly, it is of significant importance, that
you understands the background of the plot.

Because of the discrete grid, the density for one cell can easily be calculated,
taking this cell and its surrounding eight cells into account (see Fig. 44). The re-
sult is a value with the entity agents per square meter.
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Fig. 44: Example for the calculation of densities in the cel-
lular grid. In this case, the density is 3,5 P/m2

To get a good overview of the result, it is not sufficient to add up the cell densi-
ties of every time step. In order to accentuate significant congestions the follow-
ing steps are made: According to the definition of the IMO ([4], [7]), a significant
congestion occurs, when the agent density is 4 P/m? or higher. After each time
step, the density for all cells is calculated. If it is equal or higher then the mar-
ginal value mentioned above, the counter of the cell is increased by one. After
the simulation is completed, it can be evaluated, how many seconds the mar-
ginal value per cell was exceeded. This value is visualized through a colour gra-
dient from red to green.

Fig. 45: Screenshot of the tab sheet ,Density’, that shows
the exceeding of the marginal density value.

The track bar and the buttons at the top of the tab sheet allow for a more detailed
analysis of the simulation. E.g. if the ten percent button is pressed, the cells hav-
ing a local density of 4 P/m2 or more during 10 % of the evacuation duration are
displayed red. These areas are called “significant congestion” [4]. The track bar
moves according to the pressed button. The save button stores the displayed
picture.
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To achieve higher computational rates the density p lot is not being up-
dated during the mean calculation.

5.3.4 Directional Index

The directional index visualizes the course of the lines connecting cells with
equal potential value through the blue-green colour gradient of a chosen route. It
can be selected from the menu on top of the tab sheet. Walls are displayed grey
and cells not recorded or cells having a value of zero are displayed white.

Fig. 46: Screenshot of the tab sheet “Directional Index",
that shows the information of the direction.

By clicking on the cells of the floor plan, the index value of the cell is shown in
the status bar at the bottom of the window.

5.4 Loading/Saving of Projects

Projects saved in the Editor can be imported and saved by the buttons and
Not only the floors belonging to the specific projects are saved but also further
settings of the simulation as zoom, demographic parameters and exit configura-
tions. However, beware: When saving a project in a new directory, the simulation
only saves the project file (pg2), not the corresponding tdf and dxf files. These
will have to be copied by hand to the new directory.

5.5 Configurations

5.5.1 Program

In the dialogue window Settings (open by the button ), you can select which
levels should be displayed. However, the result files (animations and screen-
shots) only show the floors selected.
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Fig. 47: Screenshot of the dialogue window “Settings"”.

For temporary files, created while the simulation is running, you can define a di-
rectory in Temporary file. If there is not enough space on the drive you can
change the folder.

Use PC speaker defines, if your computer shall give an acoustical signal at the
end of each simulation run and Prompt when overwriting result files means that
the user has to confirm if an existing file will be overwritten.

5.5.2 Agents

With the Demographics dialogue (button ), demographics parameters for the
defined population groups can be adjusted.

Except for the parameter Clustering all parameters can be allocated equal or
normal distributed. The normal distribution is defined by a minimum-, maximum-,
mean and the standard deviation value, the equal distribution by the minimum
and maximum value. Additionally parameter distributions of the IMO guide line
can be assigned either to all (buttons and ) or to every single parame-
ter.
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Fig. 48: Screenshot of the dialogue window “Demograph-
ics”.

The demographics settings for a group can be saved by the button , so you
can reload them in other projects later on (button ).
The Demographics window has the following buttons:

Select group.

Allocate the chosen parameter set to se-
lected groups.

Reset to standard parameters.
Parameters according to IMO Day case.
Parameters according to IMO Night case.
IMO Passenger distribution.

IMO Crew distribution.

IMO Day distribution.

IMO Night distribution.

Save demographics.

Load demographics.

Allocate normal distribution.

Allocate equal distribution.

5.5.3 Exits

Interval- and blocking times can be allocated to the destination cells of each
route to simulate different situations. The exit settings window can be opened by
the button
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Fig. 49: Screenshot of the dialogue window Exit Settings.

The dialogue window Route Data has the following buttons:
Select route.

Allocate the chosen parameter set to se-
lected routes.

Allocate normal distribution.
Allocate equal distribution.

Open help window.

5.5.4 Ship motion (only AENEAS)

With the software AENEAS you can “move” the floor plan according to a file or to
predefined parameters (periodic movement) in order to simulate the rolling and
pitching of a ship. The configuration window is opened by the pressing the button

. As long as the window is shown, the motion will be carried out. If the window
is closed, the floor plan does not move any longer.
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Fig. 50: Screenshot of the window ,ship motion®“.

The dialogue window Ship Motion has the following buttons:

Open a ROLLS-file (roll and pitch angle as a
function of time).

Define parameters for periodical ship motion.

Simplified coordinates of the centre of gravity
(x: cells, z: floors).

5.6 Simulation Run

The software offers three simulation modes, which simplify the realization of an

evacuation analysis significantly. With a quick demo simulation (button ), you

can quickly check for modelling errors. The mean calculation (button ) per-

forms multiple evacuation runs and delivers a statistical overview of possible re-

sults from which a specific run can be repeated in the single calculation (button
) to acquire more detailed information.

5.6.1 The Seed

The seed is the central value for statistical analyses performed by a computer. It
is the value, with which the random generator is initialized. Since computer pro-
grams cannot calculate real random numbers, specific algorithms are used and a
starting value must be assigned to the random generator. This allows for a spe-
cific reproduction of statistical events. The same seed will always provide the
same results independent of all other settings.

Before each run, the random generator algorithm is initialized with the seed
value. After a mean calculation the software saves a list of evacuation times and
the corresponding seeds. By defining a seed, you can repeat runs in the single
calculation run. This means that each run is reproducible.
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5.6.2 Quick Demo

The quick demo (button ) is used to control the modelling of the floor plan. The
seed is being determined by the system time, thus each run provides different
results. The results are not saved. The density plot (Fig. 45) is being up-dated
and can be saved on demand.

5.6.3 Mean

The mean calculation (button ) delivers the results of a statistical analysis. Be-
ginning at the given start-seed the amount of wished calculations is being con-
ducted. Before each simulation run, the seed is increased by one, agents are
newly distributed and parameters assigned. Hence each run simulates a different
population within predetermined boundaries.

Fig. 51: Dialogue window for the choice of parameters for
a mean calculation.

To increase computational rate, the density plot is not updated when performing
a mean calculation. To further increase the rate of computation, you can switch
off the update button . As a result, that the present evacuation time and the
amount of rescued agents is updated. The number of runs carried out is shown
in the status bar.

The results of all realizations are saved in a text file in the chosen directory. The
file is formatted with tabs and since it has the extension .xIs (Microsoft Excel®),
Excel automatically starts and opens the file, when you double click on it in the
explorer. The simulation also creates a bitmap which shows the statistical distri-
bution of durations. Furthermore two files for documentation of the demographic
and route settings are saved.

5.6.4 Single Calculation

After determining the distribution of evacuation durations by the mean simulation,
further single calculations (button ) can be conducted to analyze the appropri-
ate run in more detail. The output file of the mean calculation provides a list of

! Excel is an official trademark of the Microsoft Corp.
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Seeds (see chapter 7.1) Thus calculations can be repeated that e.g. represent
the mean or the maximum evacuation duration.

Fig. 52: Screenshot of the dialogue window to define the
seeds and output data of a single simulation run.

The seed can be defined in the corresponding field, while you can choose, which
result files should be saved.

The following output data can be generated:

Agent Data: The individual agent data (e.g. start and destination coordi-
nates, individual walking duration...). It is described in chap-
ter 7.2 in more detail.

Animation: An animation file of the evacuation process for the shown
floors. Through the settings button , you can choose the
frame rate as well as displaying the current time within the

animation.

Density Plot: An image file showing the significant congestions according
to 5.3.3.

3D Log File: The trajectories of all agents in the specific format 3dl which

the viewer opens to visualize the evacuation process in a
three dimensional environment. You can limit time interval
of the output, since big floor plans with many agents and
long durations can lead to very big files.

Logpoints: If you have defined a log point as described in chapter
4.2.3.3 the number of agents per time for the defined rooms
are saved in this file.

Screenshots: Screenshots of the process in arbitrary intervals (seconds).
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6 PedView/AENEASview

Like the Editor, the Viewer is an independent program, which visualizes the
evacuation process in a three dimensional environment. The simulation gener-
ates 3D log files (extension: 3dl) that contain all information that is necessary for
the visualisation.

Compressed, the 3D log files require very little memory and since the Viewer is
freeware, you can shared everything with your customers, so they can watch and
analyse the simulation results from an arbitrary point of view. For a documenta-
tion or a presentation, you can save screenshots or series of screenshots.

6.1 Handling

The button menu is located at the lower part of the program window by which the
Viewer can be handled like a video player. The status bar informs you about the
number of lights used (Lights), the actual evacuation time (Time) and the number
of saved agents (Saved).

Fig. 53: Program window of the Viewer.

6.1.1 Menu

The menu provides the following functions:

File:

Load Lodfile: Opens the dialogue to load a 3dl file.

Single Screen Shot: Saves the actual view according to the settings (Set-
tings Options).

Screen Shot Series: Saves the actual view automatically, whenever it is up-
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dated.

Views:

Deck Up: Shows the next floor above.

Deck Down: Shows the next floor below.

Zoom In: Zooms in.

Zoom Out: Zooms out.

Animation:

Run/Pause: Starts and stops the animation.

Reset To Start: Resets the animation to the start.

Step Forward: Sets the animation one second forward.

Step Backward: Sets the animation one second backward.

Settings:

Show Origin: Shows the centre of your view by a coordinate cross.

Add Light: Inserts one of eight possible lights above the position of
your view center.

Remove Light: Removes the light that is closest to your view center.

Options: Change Viewer options (e.g. screen shot settings).

Statistics: Statistics of the project.

6.1.2 The buttons

The Viewer has the following buttons:
Load project.
Show project statistics.
Choose floor.
Go back to start.
Play / Pause.
One second backward.
One second forward.
Single screen shot.

Screen shot series.

6.1.3 Hotkeys

To improve the Viewers handling the following functions are connected to hot-
keys:
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left mouse button:
scroll wheel:

right mouse button:
Ctrl + L:

Y:

X
W:
S
Q
A

1
2
3
4

L

L:

Shift +
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Rotate the view by moving the mouse.
Zoom in and out by rotating the wheel.
Strafe the view by moving the mouse.
Load a 3dI file.

Single screen shot.

. Start a series of screen shots.

Jump up one floor.

: Jump down one floor.
: Zoom in.

: Zoom out.

Rewind to the beginning.

: Play / Pause.
: One second forward.
: One second backward.

: Add a light over the centre of your view.

Remove the light closest to the centre of your view.
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Results

7 Results

7.1 Mean calculations

The mean calculation saves the four following files in the chosen directory.

7.1.1 demographics.xls

The demographics file demographics.xls documents the demographics parame-

ters of each group of agents. It is structured as follows:
File

Explanation

PedGo demographics log file
project file: d:\\Example\Example.pg2
program version: 2.5.0.6

Group O 'All":
Demographics saved in:

min max mean stddev distribution
VMax: 2 5 3 1 normal
Patience: Not distributed
Sway: 1 5 3 2 normal
Reaction: 0 10 5 2 normal
Dawdle: 0 30 15 5 normal
Inertia: 1 5 3 2 normal
Clustering: none

Group 1 'Crew":
(-]

7.1.2 routedata.xls

Name of the project file
Program version number

Name of the first group
Path of the file (if existent)

Velocity
Patience
Sway
Reaction time
Dawdle
Inertia
Clustering

Next group (if existent)

The route file routedata.xls documents the route settings of all groups. It is

structured as follows:
File

Explanation

PedGo route data file
project file: d:\\Example\Example.pg2
program version: 2.5.0.6

Route 0 'Pax’":
min max mean  stddev dist.
Preparation: not distributed
Per Agent: not distributed
Max Capa.: not distributed
Open Time: not distributed
Amid Time: not distributed
Max Cycles: not distributed

Route 1 'Crew":

(-]

7.1.3 durdist,seed=[StartSeed]-[EndSeed].bmp

Name of the project file
Program version number

Name of the first route

Preparation

Blocking duration per agent
Maximum capacity

Open duration

Amid duration

Maximum number of cycles

Next route (if existent)

The frequency distribution shows the distribution of evacuation durations. In
most cases the distribution is similar to a normal distribution, but you need a

certain amount of runs for a smooth distribution.

The bitmap file is generated automatically and is saved in the chosen directory.
Fig. 54 shows an example of a frequency distribution. The green bar marks the
significant duration (larger then 95% of the determined durations).

© 2009 by TraffGo HT GmbH

7-1



User Manual PedGo/AENEAS Results

Fig. 54: Example of an automatically generated bitmap

for the frequency distribution

7.1.4 seed=[StartSeed]- [EndSeed].xls

The result file can be divided into two parts: The first contains the used input
data and a statistical overview of the results, while the second part lists the re-
sults of each run. The first part is structured as described below:

Result file

Explanation

PedGo result file, mean run:
project file: d:\demo\demo.pg2
program version: 2.5.0.6

simulation time:

start: 12:21:56
end: 12:42:49
statistics:

simulations: 500
agents: 1019
success: 500

no success: 0

Is /(min:s) seed
mean 295 04:55 4715
stddev 5 00:05
95% < 303 05:03 4850
min 283 04:43 4934
max 310 05:10 4870
Group Data:
Number Name File name
0 Pax no file
1 Crew no file

Route Data (see 'routedata.xls' for details):

Number Type Name
0 intermediate Crew
1 final Pax

time distribution:
time /s: 741 742 743 744
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Name of the project file
Program version number

System time at the start and end of the
simulation

Statistical results

Amount of simulation runs
Amount of simulated agents
Amount of successful runs
Amount of unsuccessful runs

Statistical durations
Mean duration
Standard deviation
Significant duration
Minimum duration
Maximum duration

Group numbers and names

Route numbers, types and names

Distribution of the calculated durations
Evacuation duration
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frequency: 1 0 0 8 .. Frequency of duration

evacuation curves: Evacuation curves

saved pers.: 0 31 62 93 ... Amount of saved agents

mean /s: 0 34 44 52 ... Time for the mean run

95%< /s: 0 38 48 53 ... Time for the significant run

max /s: 0 41 49 57 ... Time for the maximum run

min /s: 0 28 38 45 .. Time for the minimum run

calculated times: saved agents and times /s:

seed duration saved O 10 20 30 40 50 Amount of saved agents

471l 388 1019 026 35 40 46 51 .. One line per run with seed, duration

4712 391 1019 0 31 36 42 48 53 .. y d ; ’d the t'm’e

4713 389 1019 0 32 37 42 46 52 .. amount of saved agents an !

4714 396 1019 0 38 45 49 57 61 .. when the amount of agents named above
where saved.

7.1.5 Evaluation Examples

With the use of a spreadsheet software, various diagrams can be created using
the output file. One example is the evacuation curve. It shows how many people
were saved depending on time.

Evacuation Curve

Fig. 55: The evacuation curve can be created using the
mean result file.

7.2 Single Calculation

Most result files of the single run do not need any further explanation (anima-
tion, screenshots) or have already been described (density plot, 3D log file).
Hence only the ASCII files of the options Agent Data and Log points are de-
scribed in detail. Like the mean calculation the single run automatically creates
the files demographics.xIs and routedata.xls for documentation.

7.2.1 seed=[Seed].xls

The result file of a single calculation summarises the person data and is divided
in the two parts that are described below.

Result file | Explanation
PedGo result file, single run:
Project file: c:\demo\demo.pg2 Name of the project file
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Results

Program version: 2.5.0.6

simulation time:

start: 12:21:56
end: 12:42:49
Seed: 4727
duration /s: 1062
agents: 542
Group Data:

Number Name

0 Pax

1 Crew

File Name

no
no

file
file

Route Data (see 'routedata.x|s' for details):
Name

Number Type
0 intermediate
1 final

Crew
Pax

Program version number

System time at the start and end of the simulation

Seed of the calculation
Duration of the run
Amount of agents

Group numbers and names

Route numbers, types and names

The second part contains the data of each agent sorted in lines. The last col-
umn with the demographic parameters of each agent is missing in the following

table.
start coord. dest. coord.  goal time dist. multiple of Vmax
agent group sx sy sz dx dy # [s] cells 0 025 05 075 1,0
@ |455 0 69 2 55 51 1 1 442 44 01 0O 0 14
= |253 0 111 54 2 115 41 1 1 448 83 00 O O 20
S | 195 0 97 31 2 115 41 1 0,1 450 75 11 0 3 22
$ 8 1 105 59 3 115 40 1 0,1 454 95 21 4 0 17
¥ | 296 0 23 39 3 56 33 1 1 454 53 10 0 1 17
S P
= 1] e]
[%] w0 - = () E o)
= Q 5 = £ 3 SES
c g T o O = ~ oo
K= @ £ 2 S g I R
8| s g 15 3| = s 3% &
S| 3 s 8 £ g | 2| & 532
o3 £ 5 17 5 = 3 TE X
< o 8 3] .
L z O ] 8 g E [a) [ g g

7.2.2 LogPoints,seed=[Seed].xls

In the log point file the amount of agents per time are listed for the defined log
points. It is structured as follows:

File

Explanation

PedGo log points file:

project file: d:\example\example.pg2

Name of the project file

program version: 2.5.0.0

Program version number

defined points:

Log point data

number X z name

0 10 L3 0 Entrance Numbers, coordinates and names

1 13 L3 1 1] " Floor

time /s Ehtrance 1 U Floor

0 0 0 Number of agents for the log points that are
1 0 Lo listed in columns. First column: Time in

2 2 B seconds.

[-] [-] [l
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Glossary

8 Glossary
Agent Here: Simulated agent.
Cell The grid area after discretising is called cell.

Cellular automaton

Models used in discrete space to simulate dynamic
systems. The development of a cell at the moment
t+1 depends on the state of this cell and its
neighbouring cells at the time t.

Day case

Demographic parameter distribution for the day case
according to IMO MSC./Circ.1238

Demographics

Here: The parameters describing the abilities of a
group of agents.

Discrete space

Space divided in finite sections.

Discrete time

Time divided in finite sections.

Discretising

The extraction of a finite amount of data from an infi-
nite quantity of data.

Fundamental diagram

Diagram that shows the connection between agent
density and agent flow. The flow rises to a maxi-
mum. As soon as a specific density of agents is
reached the flow drops.

IMO International Maritime Organization: www.imo.org
Initialize Adjust the parameters to an initial situation.
Model Simplified abstract copy of the reality for scientific

analyses.

Multi-agent-model

A system consisting of several similar or different
specialized acting agents that solve a problem col-
lectively.

Night case Agent- and parameter distribution for the night case
according to IMO MSC.1/Circ.1238
Potential Here: Value of a cell to calculate the direction. From

a destination cell (lowest value) the potential
spreads via the neighbour cells with rising value.

Random Shuffle

Here: The agents move in a random order.

Run

A simulation run from initialisation until all agents are
“saved”.
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Seed

Initial value of a row of random numbers.

Self organisation

In the system theory basically describing a form of
system development, where forming, designing and
restricting influences come from the elements of the
system themselves.

Significant Duration

The duration which is longer then 95% of several
determined durations.

Specific flow Unit: Agents per meter aisle width and second.

Sub update Part of an update. Each agent is moved at max for
one cell in a sub update.

Tdf-file TraffGo-Data-File; In this file all drawing data
rounded on cells is saved.

Time step The time that elapses during one update step. Here:
1 second.

Trajectory Here: Curve along which an agent in the simulation
moves.

Update The mode and order in that agents are moved. The

update takes one second and consists of several
sub update steps.
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