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Disclaimer 

Thunderhead Engineering makes no warranty, expressed or implied, to users of 
Pathfinder, and accepts no responsibility for its use. Users of Pathfinder assume sole 
responsibility under Federal law for determining the appropriateness of its use in any 
particular application; for any conclusions drawn from the results of its use; and for any 
actions taken or not taken as a result of analyses performed using these tools. 

Users are warned that Pathfinder is intended for use only by those competent in the 
field of egress modeling. Pathfinder is intended only to supplement the informed 
judgment of the qualified user. The software package is a computer model that may or 
may not have predictive capability when applied to a specific set of factual 
circumstances. Lack of accurate predictions by the model could lead to erroneous 
conclusions. All results should be evaluated by an informed user. 
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Overview 

Pathfinder is an agent-based egress simulator that uses steering behaviors to model 
occupant motion.  It consists of three modules: a graphical user interface, the simulator, 
and a 3D results viewer.   

Pathfinder uses two primary options for occupant motion: an SFPE mode and a steering 
mode.  The SFPE mode implements the concepts in the SFPE Handbook of Fire 
Protection Engineering [Nelson and Mowrer, 2002].  This is a flow model, where walking 
speeds are determined by occupant density within each room and flow through doors is 
controlled by door width.   

The steering mode is based on the idea of inverse steering behaviors.  Steering 
behaviors were first presented in Craig Reynolds' paper "Steering Behaviors For 
Autonomous Characters" [Reynolds, 1999] and later refined into inverse steering 
behaviors in a paper by Heni Ben Amor [Amor et. al., 2006].  Pathfinder's steering mode 
allows more complex behavior to naturally emerge as a byproduct of the movement 
algorithms - eliminating the need for explicit door queues and density calculations.  

Example Problem IMO Test 10 

In the following discussions, it is often useful to have an example with which to illustrate 
particular points.  One frequently referenced example is Test 10 from the International 
Maritime Organization (IMO) [IMO, 2002]. 

This test problem represents a cabin corridor section as shown in Figure 1.  The cabins 
are populated as indicated.   The population consists of males 30-50 years old with a 
minimum walking speed of 0.97 m/s, a mean speed of 1.30 m/s, and a maximum speed 
of 1.62 m/s.  There is no delay in response and the walking speeds are distributed 
uniformly between the minimum and maximum to the 23 occupants.  The passengers in 
cabins 5 and 6 are assigned the secondary exit; all the remaining passengers use the 
main exit.  The expected result is that the allocated passengers move to the appropriate 
exits. 
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Figure 1: Cabin area (from IMO, 2002) 

The display of occupant movement, Figure 2, does show that occupants have selected 
the assigned exits. In this display, the paths of all occupants are displayed, with selected 
occupants and their paths highlighted. For the steering mode analysis, all occupants 
exited the corridor in 18.6 seconds. 

The results for SFPE mode are illustrated in Figure 3. In SFPE mode, the passengers form 
a queue at the main exit and the flow through this door controls the exit time. For the 
SFPE  analysis, all occupants exited in 21.8 seconds. In SFPE mode, occupants can 
overlap in space during movement and when the queue forms.  
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Figure 2: Steering mode results for IMO 10 problem showing occupant movement. Note 
how highlighted occupants move to their assigned exits. 

 

Figure 3: SFPE mode result for IMO 10 problem. Note that multiple occupants can 
occupy the same space. 
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Geometry 

Pathfinder uses a 3D geometry model. Within this geometric model is a navigation mesh 
defined as a continuous 2D triangulated surface referred to as a "navigation mesh."  
Occupant motion takes place on this navigation mesh.  The navigation mesh is an 
irregular one-sided surface represented by adjacent triangles.  

Figure 4 shows a townhouse model and the corresponding navigation mesh. Pathfinder 
supports drawing or automatic generation of a navigation mesh from imported 
geometry – including Fire Dynamics Simulator files [McGrattan et al., 2007], PyroSim 
files, and Autodesk’s Drawing Exchange Format (DXF) and DWG files. 

 
 

a. 3D geometry b. Navigation mesh 

Figure 4: A simple building model and the corresponding navigation mesh 

As can be seen in Figure 4, obstructions in Pathfinder are represented implicitly as gaps 
in the navigation mesh.  Since occupants can only travel on the navigation mesh, this 
technique prevents the overhead of any solid object representation from affecting the 
simulator.  When the navigation mesh is generated by importing geometry, any region 
of the mesh blocked by a solid object is automatically removed.  For overhead 
obstructions, the mesh generator considers any obstruction within 1.8 meters (6 feet) of 
the floor to be an obstacle.  

Geometry Subdivision 

The navigation geometry is organized into rooms of irregular shape.  Each room has a 
boundary that cannot be crossed by an occupant.  Travel between two adjacent rooms 
is through doors.  A door that does not connect two rooms and is defined on the 
exterior boundary of a room is an Exit door. There can be multiple exit doors. When an 
occupant enters an exit door in SFPE mode, they are queued at the door and removed 
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at the flow rate defined by SFPE.  Occupants that enter an exit door in reactive steering 
mode are removed from the simulation immediately. 

Figure 5 illustrates these concepts for the IMO Test 10 problem.  The rooms (and 
corridors) are shaded different colors.  Doors from individual rooms to the corridor (just 
another room in the model) are indicated by a thick orange line.  Exit doors are 
indicated by a thick light green line. Occupants are shown by the blue dots.  
Superimposed on the geometry is the navigation mesh. 

 

Figure 5: Rooms, doors, exits and the navigable mesh in the IMO Test 10 problem 

Any location on the navigation mesh can be categorized as one of four terrain types: 
open space, doors, stairs, and exit.  Ramps and rooms are classified as open space.  Each 
terrain type has an effect on the behavior of occupants on that section of the mesh. 

Open Space (Room and Ramps) 

Open space provides no explicit constraints on movement.  A room consists of open 
space. In SFPE mode, the maximum walking speed of occupants becomes a function of 
the occupant density in the room. 

Doors (Connecting) 

Doors connect two adjacent rooms together.  In SFPE mode they act as the main flow 
control mechanism (as discussed in the section, Movement through Doors), but in 
steering mode, doors merely record the flow between rooms for results viewing. 
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Stairs 

Stairways connect rooms on different levels.  They denote areas where the maximum 
occupant velocity is controlled by an alternate calculation specific to stairways.  The 
specific velocity calculation is given in the stairway section for each simulator mode. 

At the top and base of each stairway, there are two doors that cannot be directly edited 
within the user interface.  These doors connect the stairway mesh to the adjacent mesh 
and function identically to ordinary connecting doors.  

Doors (Exit) 

Exits are a special case of doors that mark building exits
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Path Generation 

At the start of the simulation, each Pathfinder occupant generates a path that the 
occupant will later use to move toward the exit.  To generate this path, Pathfinder uses 
the A* search algorithm [Hart et al., 1968] and the triangulated navigation mesh. The 
resulting path is represented as a series of points on edges of mesh triangles.  These 
points will create a jagged path to the occupant’s goal. 

To smooth out this jagged path, Pathfinder then uses a variation on a technique known 
as string pulling [Johnson, 2006].  This will re-align the points so that the resulting path 
only bends at the corner of obstructions but remains at least the occupant’s radius away 
from those obstructions. Examples of these final points, called waypoints, are shown in 
Figure 6. 

Figure 6 shows the projected path of an occupant in a simple rectangular room. The 
occupant is standing in the lower-left corner and plans to exit out the lower-right corner. 
The navigation mesh is shown by the thin lines that form triangles inside the rectangular 
area. An obstruction prevents the occupant from walking straight to the exit. The 
planned path of the occupant is shown as the dark line and the waypoints are shown as 
circles. A waypoint is generated for each edge that intersects the path. 

Once these waypoints are found, Pathfinder removes intermediate points that lie 
between two others in a straight line.  This creates a series of waypoints only where the 
direction of travel will change. 

 

 

When moving along a path, the following steps are taken: 

1. Two waypoints are defined: (1) a current waypoint that is initially the furthest 
waypoint that the occupant can see and reach without contacting any 
obstructions, and (2) a next waypoint that is defined by viewing from the current 
waypoint (seen and reached without contact of obstructions). 

2. The occupant attempts to update their current waypoint to the next waypoint.  
This can be accomplished if the occupant can move in a straight line from their 
current position to the next waypoint without encountering any obstructions or 
if they arrive within a certain tolerance of their current waypoint.  For SFPE 
mode this tolerance is nearly zero because there is no restriction on overlapping 
occupants, so occupants are expected to reach each waypoint exactly.  For 

Figure 6: An occupant's planned path with waypoints shown 
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steering mode this tolerance is 1 m because occupants are expected to veer off 
their paths somewhat when steering away from other occupants and 
obstructions. 

3. The occupant checks for the need to re-path.  Occupants must re-path if they 
cannot see a straight line to their current waypoint or if they deviate more than 
1 m from their current predicted path. 

4. A seek curve is generated to define the desired motion.  In SFPE mode, this curve 
is merely a straight line segment from the current position to the current 
waypoint.  In steering mode, this is a quadratic B-spline using the current 
position, the current waypoint, and a control point that is projected back along 
the direction from the current waypoint to the next waypoint. 

5. The occupant attempts to move along the tangent to the current seek curve.  
This movement is strongly influenced by the movement mode (SFPE or steering) 
and is discussed in the next sections. 

Figure 7 shows the paths and waypoints for the IMO Test 10 problem for both SFPE and 
steering modes. The green lines indicate the current seek curves for each occupant. The 
red lines and points indicate future paths and waypoints.  Notice the straight seek curve 
in the SFPE mode as compared to the spline used in steering mode. 

  

a. SFPE mode b. Steering mode 

Figure 7: Paths and waypoints for the IMO Test 10 analysis
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Locally Quickest 

Some rooms may have multiple doors that provide exit routes with very similar 
distances to an exit. In these situations, using a path selection criteria based only on the 
path length leads to unnatural traffic flows - where the door nearest the exit receives 
almost all of the traffic and other doors only a few feet further from the exit may 
receive almost no traffic. To prevent this from happening, Pathfinder allows occupants 
to select routes through the current room by comparing time estimates for each door. 

When evaluating the routes leading out of the current room, occupants calculate a time 
estimate for each route/door.  This estimate takes into account:  

 an estimate for how long it will take to reach the door, 

 an estimate of the delay caused by queuing at the door, and 

 an estimate for how long it will take to reach a valid exit after arriving at the 
door. 

When selecting a local door, occupants compare the time to traverse the shortest path 
to the door with the time it would take to move through the queue. The time it would 
take to enter the room beyond the door is assumed to be the larger of these two values.  

To calculate the time to reach an exit from one of the local doors, Pathfinder uses a 
door-to-exit distance calculation. This calculation does not take crowding or queues into 
account and represents the fastest possible time. Occupants query this distance data 
and combine the distance with their maximum velocity to estimate a movement time.  

The door-to-exit distance algorithm consists of the following steps: 

Starting in room r, to find the path from door d to exit e... 

 Starting at the midpoint of d, use the A* search over the triangulated mesh to 
find the shortest path p to e, if the first triangle along p does not lie in r use p as 
the path, otherwise discard p, and 

 Starting at the midpoint of d, use a restricted A* search which cannot re-enter 
any room to find the shortest path p to e. 

The resulting path is then string-pulled and returned as the estimate for the distance 
from d to e. 

After estimating the local travel time and the time beyond the current room, occupants 
select the door that provides the fastest overall time to their goal. In cases where 
multiple local doors appear to provide very similar travel times, the occupant will select 
a path through the nearest "good" door. 

Backtrack Prevention 

Occupants are only aware of queue sizes in their current room. When they enter a new 
room, knowledge about the last room is replaced by knowledge about the current room. 
Without any sort of backtrack prevention in place, large queues could lead to occupants 
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walking back-and-forth between two rooms, potentially for long periods of time (until 
the previous room emptied). In Pathfinder, once an occupant manages to exit a room 
using a particular exit door, they are committed to that routing decision using the 
following rules: 

1. The next local door the occupant selects must have a shorter path to one of the 
occupant's allowed exits and the next door may not lead back in to the previous 
room. If this rule eliminates all options (e.g. the occupant was forced to 
backtrack from a path that turned out to be too narrow), then 

2. The next local door the occupant selects cannot lead to the previous room. If this 
rule eliminates all local door options (e.g. the occupant was shoved into a closet), 
then 

3. Backtrack prevention is disabled, the occupant can choose from any local door. 
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Occupant Motion in Steering Mode 

Pathfinder uses a combination of path planning, steering mechanisms, and collision 
handling to control occupant motion. Each Pathfinder occupant maintains a path 
connecting their current position to a point (or room) corresponding to their current 
goal. This path controls the route the occupant takes during the simulation. Other 
factors, such as collisions with other occupants, may cause the occupant to deviate from 
their intended route, but the motion of the occupant will roughly conform to their 
chosen path. If the distance between the occupant and the nearest point on the path 
exceeds a threshold value, the path is regenerated to accommodate the new situation. 

Maximum Velocity and Acceleration 

As occupants move along their paths through a mesh, they calculate their maximum 
velocity.  This value is based on occupants' current terrain and specified maximum 
velocity (vmax).  The maximum available velocity is then used by the steering calculations. 

The maximum velocity is calculated in the same manner as calculating the speed in SFPE 
mode, v(D), except that the occupant density is set to 0.  Refer to the sections, 
Movement through Open Space and Movement through Stairs, for more information. 

Maximum acceleration (and deceleration) is a constant function of the maximum 
velocity: 

            

This equation specifies that occupants can reach their maximum velocities from 
standing still in 0.5 sec.  Likewise, they can stop from walking at their maximum 
velocities in 0.5 sec. 

Steering 

The steering system in Pathfinder moves occupants so they accomplish their current 
movement goal and can respond to a changing environment. Inverse steering, used in 
Pathfinder, is the process of evaluating a set of discrete movement directions for an 
occupant and choosing the direction that minimizes a cost function.  See Figure 8 for an 
example sample directions.  The cost function is evaluated by combining several types of 
steering behaviors to produce a cost.  The types of steering behaviors used are 
determined by the occupant’s current state.  The number of sample directions is 
controlled by the occupant’s state and current velocity.  For more information on states, 
see Occupant States on page 20. 
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Figure 8: Sample inverse steering directions 

Pathfinder defines four steering behaviors: seek, separate, avoid walls, and avoid 
occupants. Each behavior awards a cost between 0 and 1 for each sample direction. The 
net cost for a direction is the weighted sum of these values. 

Seek 

The seek behavior steers the occupant to travel along a seek curve. Given the sample 
direction v, and a seek curve sc, the seek behavior bases its cost on the magnitude of 
the angle between v and the tangent to sc.  The cost is calculated as follows: 

   
  

  
 

Where    is the seek behavior cost and    is the angle between the v and the tangent to 
sc.  The factor of .5 gives the seek behavior less weight in the overall cost evaluation. 

Separation 

The separation behavior steers occupants to maintain a desired distance away from 
other occupants.  This behavior works somewhat outside the inverse steering system, in 
that before considering sample directions, the separation behavior calculates a desired 
absolute movement vector (direction and distance).  This movement vector is calculated 
as the average of occupant separation vectors as follows: 

 ̅  
 

    
∑   ̅̅̅̅

    

   

 

Where      is the number of occupants by which the occupant would like to separate. 

If the ith  occupant is idle,   ̅̅̅̅  is calculated as: 

     |    |      

  ̅̅̅̅             
    

|    |
 

Where   is the position of an occupant,   is the radius of an occupant, and       is the 

desired separation distance of the occupant (settable via the input parameter, comfortDist). 

If the ith occupant is seeking,   ̅̅̅̅  is instead calculated such that it is perpendicular to the 
ith occupant’s direction of travel and its magnitude is defined as: 
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|  ̅̅̅̅ |                  

Where       is the occupant’s distance to the nearest point on the line tangent to the 

ith occupant’s seek curve. 

Once the movement vector is defined, the separation behavior works like other inverse 
steering behaviors.  The cost is calculated as follows: 

          ̅̅̅̅    
̅̅ ̅  

Where   
̅̅ ̅ is the sample direction. 

Avoid Walls 

The avoid walls behavior detects walls and steers the occupant to avoid collisions with 
walls. This behavior projects a moving cylinder ahead of the occupant in the direction of 
the projected point. The cost reported by this behavior is based on the distance the 
occupant can travel in the direction of the projected point while remaining some 
comfort distance away from any walls.   

The cost is assigned as follows: 

       
     

    

[       ] 

       
√     [     ]

    
 

Where Dcs is a standing comfort distance the occupant wishes to maintain from a wall 
(this is preset at 1 foot), Dcw is a walking comfort distance from a wall (preset at 5 feet), 
vcurr is the occupant’s current velocity, vmax is the occupant’s maximum velocity on the 
current terrain, amax is the maximum acceleration on the current terrain, and Dh is the 
distance to the nearest wall collision along the sample direction. 

Avoid Occupants 

The avoid occupants behavior steers an occupant to avoid collisions with other 
occupants. This behavior first creates a list of occupants within a frustum whose size and 
shape is controlled by the velocity of the occupant. Then the behavior projects a moving 
cylinder ahead of the occupant in the sample direction. This cylinder is tested against 
another moving cylinder for each nearby occupant. If none of the moving cylinders 
collide the cost is zero, otherwise the cost is based on how far the occupant can travel 
prior to the collision. The closer this collision point, the higher the cost of the steering 
behavior. 

The cost is based on the earliest collision with another occupant along the sample 
direction and is evaluated as follows: 
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           [
    

 

     
         ] 

       
          

         
 

Where      is the desired separation distance between the occupant and the collision 

occupant (settable via the input parameter, comfortDist),     is the maximum time at 
which an occupant will react to a collision (settable via the input parameter, 
collisionResponseTime), and       is the collision distance.  The resulting cost is clamped 
from 0 to 1. 

Evaluating Movement 

Once the lowest cost direction has been determined, the steering velocity and 
acceleration are calculated that will move the occupant in the steering direction.   

Along with a cost, each steering behavior calculates a maximum distance that should be 
traveled along the sample direction.  This maximum distance is then used to determine 
the magnitude of the desired velocity,     , as follows: 

      
     

 

     
 

|    |  {
            

               
 

     |    |     

Where      is the maximum distance for the lowest cost sample direction,      is the 
lowest cost sample direction, and       is the occupant’s current velocity. 

The acceleration is calculated as follows [Reynolds, 1999]: 

  
          

|          |
     

Explicit Euler integration is then used to calculate the velocity and position of each 
occupant for the next time step from their steering acceleration.  The velocity and 
position are calculated as follows: 

 ̅               
 ̅            ̅       

Where    is the time step size,  
    

 is the current position, and  ̅     is the position 

after the time step. 

Occupant States 

Depending on an occupant’s current scripted behavior, they will be in one of two states: 

a. Seeking – the occupant is trying to follow a path to some destination. 
b. Idling – the occupant is waiting for a specified amount of time. 
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Effect on Steering Behavior 

Occupant state has a direct effect on which steering behaviors are combined to 
determine the lowest cost steering direction.   

When idling, the occupant combines separation, avoid occupants, and avoid walls.  This 
allows the occupant to maintain a separation with other occupants, move away from 
others that might be trying to seek near them, and avoid other occupants and walls at 
the same time. 

 When seeking, the occupant combines seek, avoid occupants, and avoid walls.  This 
allows the occupant to avoid collisions with other occupants and walls and follow their 
seek curve.  To a limited extent, the avoid occupants behavior integrates separation, so 
a separate separation behavior is unnecessary.  While seeking, the occupant may 
temporarily switch to an idle state if they sense another occupant of higher priority or 
they have moved in such a way that they are touching another occupant.  By 
temporarily switching to the idle state, they are able to move away from the other 
occupant to maintain the desired separation. 

Effect on Sample Directions 

Occupant state also affects the number of sample directions used for inverse steering. 

In an idle state, 8 sample directions are tested, 45° apart, along with a “null” direction 
that tests standing still.  This allows the occupant 360° of movement so they can easily 
separate from others. 

When seeking, the occupant tests a different set of directions depending on the 
occupant’s speed.  A seed direction tangent to the occupant’s seek curve is used as the 
starting direction.  If the occupant’s speed is relatively slow, they will consider 7 more 
sample directions, 45° apart as when idling.  If their speed is faster, the sample 
directions are taken 30° apart, up to 60° to either side, creating 5 sample directions.  
The occupant’s speed is considered “slow” if the following is true: 

                

Where       is settable via the input parameter, slowFactor, and      is the occupant’s 
maximum velocity.  In addition to the sample directions, the null direction is again 
considered for seeking. 

Priority 

Pathfinder provides a priority system that operates on discrete priority levels assigned 
to each occupant.  When occupants encounter other occupants at the same priority 
level as their own, they behave as indicated above (the common case).  If, however, 
they detect another occupant with a different priority nearby and in front of them, they 
will slightly alter the above behaviors.   
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If the other occupant is of lower priority, the occupant will not separate and will use a 
comfort distance of zero, effectively allowing them to push against the other occupant if 
necessary.  Because there is no notion of occupants exerting force on one-another, the 
other occupant must respond accordingly. 

So in the inverse case of an occupant detecting another of higher priority within their 
comfort distance, they will ignore their seek behavior and instead use their separation 
behavior, even if their goal puts them in a seek state.  This allows them to back away 
from the occupant of higher priority, giving the higher priority occupant a chance to 
move through. 

Priority levels are completely relative.  For example, if three occupants meet having 
priorities of 5, 7, and 12, their behavior toward one another would be exactly the same 
as if their priorities were 0, 1, and 2, respectively.  Occupants with higher priority values 
have higher priority over other occupants. 

Resolving Movement Conflicts 

There are some scenarios that, if no precaution were taken, could cause a simulation to 
become stuck.  These situations can arise when occupant behaviors cause them to 
deadlock (no one will move).  One example is when multiple agents are headed in a 
common direction but due to constraints in the navigation geometry (such as a narrow 
door or narrow hallway), they all choose to stand still so they do not collide with other 
occupants.  Another scenario occurs when occupants are headed in opposite directions 
in a crowded hallway.  These examples are demonstrated in Figure 9.  Pathfinder 
employs special handling to resolve these movement conflicts and allow the simulation 
to continue.  

  

a. Occupants are headed toward a similar, 
conflicting waypoint. 

b. Occupants are headed toward opposing 
waypoints in a crowded hall. 

Figure 9: Potential conflict scenarios 

This is handled from the perspective of each occupant as follows: 
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1. The occupant is seeking and calculates a lowest-cost steering direction using 
their base priority level. 

2. The resulting lowest cost steering direction makes no progress toward the 
occupant’s seek goal, meaning that the direction either has a zero move distance 
or takes them in a direction opposite that of their seek curve. 

3. The occupant performs a “free pass” test as discussed below.  If the occupant 
obtains a free pass, they continue to step 3.  Otherwise, they return the 
calculated steering direction. 

4. The occupant recalculates steering with a locally-elevated priority.  A locally-
elevated priority is one that makes the occupant appear to have a higher priority 
to others within the same priority level, but to other occupants with higher 
priority levels, the occupant still appears to have lower priority. 

5. If the occupant makes progress with the newly calculated steering direction, the 
occupant raises their priority to this new locally-elevated priority and returns the 
new steering calculation. In addition, the occupant begins a count-down timer 
(settable via the input parameter, persistTime).  In addition, the occupant’s 
radius is reduced by a reduction factor (settable via the input parameter, 
minSqueezeFactor in the input file or “reduction factor” in the pre-processor), 
allowing the occupant to squeeze past other occupants.  If other occupants 
detect a nearby occupant with a reduced radius, they too will reduce their radii 
by their set reduction factors. If the occupant still doesn’t make progress, 
however, they skip to step 6. 

6. If the occupant’s timer has not yet expired from a previous steering calculation, 
the occupant remains stationary with a locally-elevated priority in hopes that 
other occupants will separate due to the elevated priority. If the timer has 
expired, however, or no timer was set, the occupant gives up the elevated 
priority and returns the original steering result. 

Free Pass 

In steering mode, an occupant obtains a free pass if at least one of the following 
conditions is true for all nearby occupants: 

a. The other occupant is a lower priority. 
b. The other occupant is the same priority and has a lower chance of reaching the 

intersection of their paths before the occupant being considered can. 

Collision Avoidance/Response 

While the wall and occupant avoidance behaviors will attempt to steer around obstacles, 
they might not always succeed. This often occurs in crowded situations when occupants 
cannot avoid being pressed tightly against walls and other occupants. In these situations, 
additional collision handling is necessary to prevent the simulation from entering an 
invalid state. There are two collision handling scenarios: one in which two or more 
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occupants collide and another where an occupant collides with the boundary of the 
navigation mesh (i.e. a wall). 

If collision handling is turned on, the occupant will halt at the earliest collision with 
either a wall or another occupant for a given time step.  If collision handling is off, the 
occupant will only halt at the earliest collision with a wall.
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Occupant Motion in SFPE Mode  

Pathfinder provides the option to calculate motion in an SFPE Mode. This mode 
implements the flow-based egress modeling techniques presented in the SFPE 
Handbook of Fire Protection Engineering [Nelson and Mowrer, 2002] and the SFPE 
Engineering Guide: Human Behavior in Fire [SFPE, 2003]. The SFPE calculation as 
described in the handbook is a flow model, where walking speeds and flow rates 
through doors and corridors are defined.    

In Pathfinder, navigation geometry can be grouped into three types of components; 
doors, rooms, and stairs.  Rooms are open space on which occupants can walk.  Stairs 
can be thought of as specialized rooms in which the slopes of the stairs limit the speed 
of the occupants.  Doors are flow limiters that connect rooms and stairs.  There is no 
specialized corridor type as in the SFPE guide.  Instead, corridors are modeled as rooms 
with doors on either end.  In this manner, corridors are handled in the same manner as 
rooms, with the flow being controlled by the doors. 

By default, multiple occupants can occupy the same space. The Pathfinder 
implementation of the SFPE calculation allows some incremental movement options to 
be added. For example, it is possible to retain the flow constraints through doors and 
add the option for Collision Handling, so that occupants will physically queue at a door.  

SFPE Mode Parameters 

In SFPE Mode, the following parameters are used. 

Collision Handling (on/off, default=off) – This flag activates a collision avoidance 
behavior.  It behaves exactly the same as in reactive steering mode (see the section, 
Collision Avoidance/Response). When this option is enabled, the same movement speed 
and door queue calculations are used, but due to the collision avoidance answers may 
vary slightly from those given by the pure (non-colliding) SFPE mode. 

Max Room Density (0.0 < Dmax, default=3.55 pers/m2) – This parameter controls how 
many occupants will be allowed to enter a room via doors and stairways. Pathfinder 
uses room density to determine movement speed. If this density increases to 3.8 
pers/m2, the velocity equation goes to zero and movement in the room will halt*. If one 
or more doorways are allowing occupants to enter an area faster than they can exit, the 
doorway(s) will not allow occupants to enter if doing so would increase the density 
beyond Dmax. Using low values for Dmax (e.g. 2.8 pers/m2) results in artificially fast 
evacuation times. 

                                                      

*
 This is only true for room containing multiple occupants; a lone occupant is always allowed to travel at 

maximum speed. 
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Door Boundary Layer (0.0 <= BL) – This value controls the effective width of every door 
in the simulation – including doors associated with stairs. The effective width of a door 
is W - 2*BL where W is the actual width of the door. The effective width of a door 
controls the rate at which occupants can pass through the door. 

Door Flow Rate, Max Flow (on/off, default=on) – This flag controls the calculation of 
door specific flow with respect to density. If this flag is enabled, doors always use 
maximum specific flow. 

Door Flow Rate, Calculate from Density (on/off, default=off) – This flag controls the 
calculation of door specific flow with respect to density. If this flag is enabled, specific 
flow for doors is calculated based on density. This calculation is explained in the section 
on movement through doors. 

Min Density (0.0 <= Dmin <= Dmax) – This value is used to bound the density used for 
calculating specific flow for doors. Since the specific flow equation is parabolic, allowing 
this value to become lower than 1.9 pers/m2 reduces the flow rate of the door. 

Max Density (Dmin <= Dmax) – This value is used to bound the density used for 
calculating specific flow for doors. Allowing this value to increase beyond 3.5 will allow 
the specific flow calculation to approach zero and may cause occupants to permanently 
halt at doors exiting crowded rooms. 

Movement through Open Space 

Each occupant has a maximum velocity (vmax) specified in the user interface. If the 
occupant is in a room where the density is less than 0.55 pers/m2, the speed is adjusted 
as follows: 

          

If the density (D) is 0.55 pers/m2 or higher, occupant velocity is determined using the 
following equation: 

          
           

    
 

In both equations k = 1.40 m/s for rooms and ramps (sloped rooms).   

These velocity equations calculate velocity scale factors based on a maximum velocity of 
1.19 m/s and apply those scale factors to the occupant’s maximum velocity. 

Movement through Stairs 

In Pathfinder, movement up and down stairways are handled the same way as 
movement through open space. The only difference is that the k value is calculated 
according to the slope of the stairway. The k values are shown in the following table. 

 

Stair Riser (inches) Stair Tread (inches) k 
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7.5 10.0 1.00 

7.0 11.0 1.08 

6.5 12.0 1.16 

6.5 13.0 1.23 

 

For rise/run pairs found in the table above the k value shown is used. When the rise and 
run is not found in the table, k is calculated using linear interpolation or extrapolation 
based on the slope of the unknown stairway and the values found in the table. 

Movement through Doors 

When using Pathfinder in SFPE Mode, the occupant flow rate through the door is 
specified by the SFPE guidelines. This is implemented using a delay timer that controls 
how quickly occupants are allowed to pass through the door. This timer is initially set at 
zero. When an occupant passes through the door, the simulator calculates a delay time 
based on the specific flow of the door. That delay time is added to the door and must 
elapse before another occupant is allowed to pass through. 

If the Door Flow Rate, Use Max Flow option is enabled, a door’s specific flow is 1.32 
pers/s-m of effective width. If the Door Flow Rate, Calculate from Density option is 
enabled, a door’s specific flow is Fs = (1 – 0.266 * D) * k * D. The D used to calculate the 
delay time is the originating room of the occupant that is exiting the door. 

The time it takes n occupants to pass through a door with effective width We is T = (n – 
1) * (1.0 / Fs). The n value is reduced by 1 because the first occupant through a door 
does not have to wait for a time delay. 

In counter-flow situations, an occupant from R1 may be waiting at a queue to enter R2 
while an occupant from R2 may be waiting to enter R1.  In this case, the queues evenly 
exchange their next occupant and both occupants are allowed through the door.  The 
delay time placed on the door queue becomes the sum of the delay times from each 
occupant’s passage, which maintains the correct flow rate for the simulation. 

Collision Handling/Response 

In SFPE mode, there are potential scenarios in which occupants will collide with other 
occupants or walls.  If collision handling is turned on, occupants will handle collisions 
with both walls and occupants; if it is off, they will only handle collisions with walls. 

Collision handling is applied in two steps.  The first step occurs before movement is 
attempted for a time step, and the second occurs during movement.  For the pre-
movement step, the travel velocity is adjusted to force the occupant to slide along any 
obstructions.  If the obstruction is a wall, the new velocity will make the occupant slide 
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along the wall.  If the obstruction is another occupant, the velocity will make the 
occupant slide around the other occupant.  Once the travel velocity has been adjusted 
to slide along and around obstructions, the occupant attempts to move using this new 
velocity.  During the movement stage, collisions are still possible, so the occupant will 
simply halt at the earliest collision. 

Resolving Movement Conflicts 

As with the steering mode, the SFPE mode with collisions turned on presents potential 
movement conflicts in which occupants can become stuck.  One example of a potential 
conflict is when multiple occupants are headed toward a common waypoint, are 
touching each other, and at least two are touching walls.  Another potential situation is 
in counter-flow in crowded hallways.  Some potential conflict scenarios are shown in 
Figure 9. 

All conflicts are resolved by giving one or more occupants in these situations free passes.  
A free pass allows an occupant to ignore occupant collisions when travelling along the 
navigation mesh.   An occupant (OccA) may obtain a free pass before moving if one of 
the following conditions occurs for every other occupant with whom he might collide 
(OccB): 

a. OccA and OccB have different goals. 
b. OccB is idling. 
a. OccA is closer to either his current waypoint or OccB’s current waypoint than 

OccB is to her current waypoint or OccA’s current waypoint. 
b. OccA is trying to move away from OccB's objective. 
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Elevators 

Elevators in Pathfinder are composed of a discharge node and any number of elevator 
levels. Rather than modeling elevators using dynamic geometric elements (i.e. a floor 
that moves up and down), Pathfinder represents elevators using ordinary rooms. 
Occupants that have entered the "pickup" level are moved directly toward the discharge 
node - through the geometry for other elevator pickup rooms and across empty space 
where there is no computational mesh. Elevator "rooms" that are not currently being 
served by the elevator are blocked using closed doors. 

To coordinate the elevator movement times and state changes, Pathfinder's elevator 
model uses several timers and states: 

To accommodate user-specified nominal loads for elevators, Pathfinder applies a scaling 
factor (default=1.0) to occupants as they enter the elevator. If a user requests a nominal 
load less than the default, this scaling factor will be greater than 1.0, causing occupants 
to take up more space as they enter the elevator. If the user requests a nominal load 
greater than the default, this scaling factor will be less than 1.0, allowing more 
occupants to fit into the elevator. During testing, values below 0.6 and values above 1.2 
tended to simulator problems related to path detection and obstacle avoidance when 
entering and exiting the elevator. 

Users do not enter the scale factor directly. Instead, users enter a nominal load (in 
persons) and Pathfinder determines the corresponding scale factor based on a 
correlation between the scale factor and density. The following graphs shows the 
correlation used in Pathfinder 2011. 

 

Figure 10: Elevator fill density and size factor for occupants of default size (r=0.2279 m) 
in four different sizes of square elevators. 
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Figure 11: Power series trend line for the correlation between the density and size 
factor. This is used by Pathfinder when determining size factor from nominal load. The 
"average" data set is the average of the data from the four test rooms shown prev 
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Solution Procedure 

Pathfinder runs in a simulation loop that calculates movement at discrete time steps.  
For each time step, the following steps are carried out: 

1. Update each occupant’s current target point.  This step takes the longest on the 
first time step because each occupant must find a path to his goal. 

2. Calculate each occupant’s steering velocity.  The steering velocity will be 
calculated differently depending on whether SFPE or Reactive Steering mode is 
active. 

3. Increment the current time step. 
4. Move each occupant.  This involves several sub-steps: 
5. Calculate the velocity for the current time.  If steering mode is on, this will 

calculate a desired steering force from the desired velocity, and then use 
integration to calculate the actual velocity.  In SFPE mode, this will simply be set 
to the desired velocity. 

6. If collision avoidance is turned on, detect potential collisions, and modify the 
desired velocity to avoid the collisions. 

7. Integrate the final velocity to find the maximum travel distance, and travel along 
the mesh until this distance is reached or until the earliest collision. 

8. Update output files.
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File Format 

The simulator portion of Pathfinder can optionally use an input file to run simulations.  By 
default, this input file is written every time a simulation takes place.  This section describes the 
input file including its format and all parameters. 

NODES 

 

Rooms, doors, and stairways are represented by nodes.  At any given time during the 
simulation each occupant is either inside one of the following nodes or has exited the 
simulation. 

 

[nodes] 

name 

... 

 

name : string  Name of a node 

 

VERTS 

 

This section contains all of the vertices that will be used by the geometry (triangles and 
edges) in the input file. 

 

[verts] 

x y z 

... 

 

x : float  x-coordinate 

y : float  y-coordinate 

z : float   z-coordinate 

 

NAVMESH << NODES, VERTS 

 

This section defines the walkable space within a simulation. 
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[navmesh] 

ixnode ttype ixverta ixvertb ixvertc 

... 

 

ixnode : int  Index of the node associated with this triangle 

ttype : string  Terrain type: [open,  stair] 

ixverta : int  Index of first vertex 

ixvertb : int  Index of second vertex 

ixvertc : int  Index of third vertex 

 

Note: The order of the three vertices is significant.  Use CCW ordering (i.e. right hand 
rule) to define the top of the mesh element. 

 

GEOMMESH (optional) << NODES, VERTS 

 

The definition of this section is identical to the definition of the NAVMESH section.  If 
present, the mesh defined in this section will be used for geometry searches during the 
simulation.  This can improve performance if this mesh is coarser than the NAVMESH. 

 

[geommesh] 

ixnode ttype ixverta ixvertb ixvertc 

... 

 

(same as NAVMESH) 

 

DOORS (optional) << NODES 

 

This section defines the doors that will be used if the use_door_queues option is 
enabled.  Associating a door entry with a node causes that node to be recognized by the 
simulator as a door node and prevents the density calculation from being used to 
control the speeds of occupants within triangles associated with that node.  This section 
does not define the geometric edges that the door represents (see Note). 
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Exit doors should define only one adjoining room and internal doors should define two 
such rooms.  These entries are used to prevent overcrowding as occupants transition 
between rooms and to provide for more elaborate merge calculations. 

 

[doors] 

ixnode eff_width ixnodeA ixnodeB 

... 

 

ixnode : int   Index of the node corresponding to this door 

eff_width : float  Effective width of this door 

ixnodeA : int  Index of a room adjoining the door (use dash “-“ for none) 

ixnodeB : int  Index of a room adjoining the door (use dash “-“ for none) 

 

Note: Agents will not enter a door’s queue unless they cross a special door edge 
(defined in the EDGES section). 

 

EDGES (optional) << NODES, VERTS 

 

The entries in this section represent the geometric portion of entities that are defined as 
edges in the NAVMESH. 

 

[edges] 

etype <depends on etype> 

... 

 

etype : string  Edge type: [boundary, door, exit_door] 

 

boundary ixverta ixvertb 

 

This edge type represents a boundary that occupants will not walk across. 
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ixverta : int  Index of the first vertex 

ixvertb : int  Index of the second vertex 

 

door ixnode ixverta ixvertb 

 

This edge type represents an internal door.  Doors of this type will not be included in the 
search for the nearest exit and should have two adjoining nodes defined in the 
corresponding door record. 

 

ixnode : int  Index of the node corresponding to this door 

ixverta : int  Index of the first vertex 

ixvertb : int  Index of the second vertex 

 

exit_door ixnode ixverta ixvertb 

 

This edge type represents an exit door.  Doors of this type will be included in the search 
for the nearest exit and should have one adjoining node defined in the corresponding 
door record. 

 

ixnode : int  Index of the node corresponding to this door 

ixverta : int  Index of the first vertex 

ixvertb : int  Index of the second vertex 

 

Note: Edge definitions must match edge definitions in the NAVMESH.  If a door is 
formed by the three vertices A, B, and C, it must be given as two edges: A-B and B-C.  
Edges that do not correspond to edges in the NAVMESH (e.g. A-C) are invalid and may 
cause the simulation to crash or otherwise behave unexpectedly. 

 

PARAM (optional) 

 

This section allows you to customize global simulation parameters.  The format is a list 
of key value pairs. 
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[param] 

key value 

... 

 

key : string  The name of a simulation parameter 

value : mixed  The value for a simulation parameter (type depends on key) 

 

max_time 0 Simulation time limit in seconds (0=infinite) 

show_vis 0 Turn debugging visualization on/off (0=off, 1=on) 

out_time_history vis.out Movie playback (time history) output 

out_node_pop nodes.csv Node populations over time 

out_clear_times clear.csv Clearing times for each node 

dt_init 0.025 Simulation time step size (s) 

dt_vis 0.25 Frequency of visualization output (s) 

dt_wall_meta 0.5 Frequency of simulation progress meta data (s) 

dt_csv_data 1.0 CSV data print time increment (s) 

handle_collisions 1 Turn collision handling on/off (0=off, 1=on) 

reactive_steering 1 Turn reactive steering on/off (0=off, 1=on) 

inertia 1 Turn inertia on/off (0=off, 1=on) 

vel_from_density 1 Turn density-based velocity calculation on/off (0=off, 
1=on).  Only applies when inertia is off. 

use_door_queues 0 Turn door queues on/off (0=off, 1=on) 

wall_slide 1 Turn wall sliding on/off (0=off, 1=on) 

density_max 3.55 Maximum room fill density.  Only applies when door 
queues are active. 
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PROFILES << NODES 

 

These entries are descriptions of artificial intelligence for simulation agents. 

 

[profiles] 

goto [ixnode | nearest] 

... 

 

goto   Currently, the only form of AI allowed by the simulator. 

Ixnode : int  The index of the goal node 

nearest  This option causes the occupant to search for the nearest exit 

 

OCCUPANTS << PROFILES, NODES (indirect), NAVMESH (indirect) 

 

This section describes the occupants present at the beginning of the simulation.  The 
starting node for each occupant is inferred based on the location of the occupant. 

 

[occupants] 

name ixprofile x y z 

... 

 

name : string  The name of the occupant 

ixprofile : int  The index of the corresponding profile entry 

x : float  The x-coordinate of the occupant 

y : float  The y-coordinate of the occupant 

z : float   The z-coordinate of the occupant 

 

 

OTHER NOTES 

 

Lines beginning with the comment character (“#”) will be ignored. 
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Lines are considered to be delimited by spaces and commas.  Strings containing spaces 
and commas should be enclosed in double-quotes.  The following three VERT definitions 
are identical to inferno. 

 

1, 1, 0 

1.0 1. 0. 

1, 1 0 

 

EXAMPLE INPUT FILE 

# Sample 0 

# Pathfinding with edge exits test case 

 

[nodes] 

"R1" 

"e2" 

 

[doors] 

1 1.32 0 - 

 

[verts] 

0. 0. 0. 

1. 0. 0. 

1. 1. 0. 

0. 1. 0. 

 

[navmesh] 

0 open 0 1 2 

0 open 2 3 0 

 

[geommesh] 

0 open 0 1 2 

0 open 2 3 0 

 

[edges] 
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#type ixNode ixVert1 ixVert2 

exit_door 1 1 2 

 

[param] 

show_vis 1 

handle_collisions 1 

reactive_steering 1 

inertia 1 

vel_from_density 0 

use_door_queues 0 

 

[profiles] 

#goto <ixNode> 

goto nearest 

 

[occupants] 

#name ixProfile x y z 

"001" 0 0.25 0.75 0. 
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