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THE TASK OF SIMULATING INDIVIDUAL CURRENT MOVEMENT 

FLOW OF PEOPLE
Danilin O., РhD., doc., National University of Civil Defence of Ukraine

Consider the problem of modeling of individual-and-flow movement of the people crowd. Restraints for conditions of nonintersection of individuals and for the condition of their placement in the region with an account for admissible minimum distances are the main restraints. Minimum distances are defined proceeding from technological restraints such as account for maneuverability, comfort of individuals etc. Let the source data of the paths of movement of individuals be set in the form shown in Fig. 1.
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Fig. 1. Representation of the movement path

The path is divided into the regions numbered, respectively, 1, 2, …, m (m=5 for this example) and restrained with dividers a1,a2, …, am+1. Each region is characterized by the same law of formation of the main movement direction and by the type of movement of the people who entered into it. Two types of movement are considered: straight movement (regions 1-3, 5) and movement along the circular arch (region 4). To determine the main direction of movement, designate the m-th region by Ωm. Divider am provides translation for the regions with a rectilinear type of movement or it moves with rotation for the regions with a circular type of movement so that the analyzed points were in its possession. In the event of an even change of the corridor width in the region, the length of the divider piece changes accordingly. 

Consider regions with a rectilinear movement. In these regions, movement from the analyzed point is presented by a vector connecting this point with the point at the corresponding divider (taking into account coefficient of homothety). Determination of the basic direction of movement for this case is illustrated in Fig. 4 at the second region. To determine the main direction of movement in the region 
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, the abovementioned divider points are connected by circular arcs [1].

Without losing the generality of reasoning, suppose that each individual is presented in a form of ellipse the major semiaxis of which is perpendicular to the direction of movement. The main direction and type of movement are defined for each of individuals at each their step (with a set time interval 
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, for example, 1 sec.). After determination of above listed characteristics, small individual changes are made (speed, direction, acceleration, etc.). The angle of ellipse rotation is defined between the perpendicular to the major semiaxis and the vector of main movement direction.

Consider mathematical model of the individual-and-flow movement of people by the use of an example of the evacuation problem.

Let the region of evacuation has no circular sections (for simplification of calculations). Assume that an Nk person with location parameters is at the k-th iteration in the evacuation region Ωm.
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where (xki, yki) are location coordinates of the local coordinate system origin (the current point), and (ki  is the angle of rotation of the i-th ellipse Ei with dimensions of its semiaxes (ai, bi) serving as a model of the i-th person. 

Also, characteristics of speed vi (in meters per second) and maneuverability mi, mi<1 (in meters) are attributed to the object Ei. Vector of the main movement direction dki=(dkix, dkiy) with directing vector cosines 
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 is defined for each current point with coordinates (xki, yki). 

Then the mathematical model of the subproblem at the k-th iteration can be formulated as a search for the maximum of the aggregate movement of the people who are in the region of evacuation, i.e.:
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where
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u(t,z,x,y,, ..., t,z,x,y,),
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are the quasi-phi-functions of the type (6), (7),
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is relative step by the time of movement of the i-th person,
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is the ellipse rotation angle at the point:
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By its construction method, the feasible region Wk can be presented as a union h (h is some large number depending on the quantity and type of the objects) of subregions of the following form:
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where Wk is described by a system of inequalities with smooth functions in the left part [2].

Representation of the feasible region as a union of subregions (3) allows us to reduce the search for the local problem extremum (1), (2) to the solution of a sequence of problems of nonlinear programming by means of the following algorithm.
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