

Abstract

Large crowds of people have resulted in serious injuries and even death.  Counting individuals in crowds can provide information such as density and crowd pressure, which can be used to foretell disastrous events.  Three new methods are introduced in this article to accurately approximate crowd density using optical flow:  Counting all local maxima in a flow field, fluid dynamics equations, and a linear relationship between speed and density.  Two of the three algorithms performed moderately well on a dataset of two videos.  More tests and refinement of the code are needed before confirming their usefulness in counting crowds. 
1. Introduction
Large uncontrollable crowds have the potential to cause serious injuries, and even death. 

In a disaster, escape paths are blocked by frightened people trying to push their way out. This type of behavior has been shown to cause injuries and death.  During competitions where people must run closely together, people have tripped and become severely injured from being trampled. 

A way to prevent these disasters from happening is to set up cameras where dense crowds form and monitor the area.  The system would count the number of people passing through the vision of the camera and calculate the crowd’s speed, pressure, and other useful data that can be used to notify a security personnel that a negative event is about to occur.
2. Previous Works
Counting the number of people in crowds continues to be a very difficult problem in computer vision.  Object detection does not perform well when viewing groups of people from large distances.  They begin to appear as round particles moving together.  What might be a head could be a hat; in this case object detection fails miserably accurately counting people in crowds.  Many clever methods have been devised to solve the problem a different way.  Texture analysis with learning in [7] managed to get fairly good results.  Others have used foreground segmentation to estimate density qualitatively as in [6].  Helbing has done research in crowd dynamics, and attempted to model them for many years [1] [8] [10]. Motion segmentation is also a popular method for counting as in [5].  Although there are many algorithms for estimating crowd density, there has been no method devised that can accurately “count” the number of people in a crowded scene.  Many methods can show qualitatively accurate information, but no quantity values. 
3. Methods
The goal of this research is to find a way to calculate the number of people in a dense crowd with only its flow field.  Three methods were tried:  Counting all local maxima in a flow field, fluid dynamics equations, and a linear relationship between speed and density.  All are described in further detail below.
3.1. Counting Local Maxima of Flow Field
Carefully observing the error of optical flow on the borders of a moving object shows smaller magnitudes of speed than the speeds closer to the middle of the object.  This implies there might exist an average number of local maxima within an object’s enclosed region of space.  The more objects, the more local maxima in the image being observed.  Therefore, there could be a direct relationship between local maxima in the optical flow and density of moving crowds. 
The process is as follows:
1. Obtain the optical flow of the video, u and v.

2. Compute the magnitude of the velocity from u and v.

3. Count all of the local maxima for the area being sampled (this can be the entire image as well).
4. Divide the resulting value by a threshold (7 was used for the experiments).
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Figure 1: Graph from [1] displaying an approximately linear relationship between local speed and local density of crowds.

3.2. Fluid Dynamics Equations
As crowds become denser in time, they begin to look like particles interacting with each other.  It has been shown that dense crowds show granular particle behavior [8].  Fluid dynamics could potentially show a relationship between density and the particle behaviors of the dense crowds.

The process is as follows:

1. Compute the optical flow of the video.
2. Estimate the density by computing the equation pixel by pixel using their neighboring pixels. 
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Figure 2:  Equation used to solve for density. 

The first line in Figure 1 shows the fluid dynamics equation relating density, the material derivative of velocity, the gradient of pressure, viscosity, and other forces.  When viscosity is assumed to be the value of 1, the equation can be solved by assuming the values do not change much between neighboring pixels.  
3.3. Linear Relationship of Speed and Density
People will move faster if there is space to fill, and slower if obstacles are in their path.  If a crowd slows down its, density is increasing; speeding up indicates density is decreasing.  
The process is as follows:

1. Obtain the optical flow of the video, u and v.

2. Compute the magnitude of the velocity from u and v.

3. Use the linear equation recovered from Figure 1 to estimate the density.
4. Results
Unfortunately, the three methods were not tested extensively on many videos.  Although a database of large crowd density videos were available, only two videos were used because of time constraints.  Therefore, the results are only accurate to these two videos.  
4.1. Counting Local Maxima of Flow Field
Counting the local maxima did very well in both videos.  There were errors of roughly 11%.  The algorithm is very simple and shows promise. 
4.2. Fluid Dynamics Equations

This algorithm did not perform well.  The results did show density readings, but it was not accurate.  The reasoning comes from a very basic principal:  people do not behave as particles do.  A group of people in a crowd can suddenly change their minds and flow differently depending on factors the camera cannot see.  This makes humans appear to break the laws of physics by creating and destroying energy.  There are too many unknown variables in an open system of fluid dynamics to accurately find a relative density based on the flow of the crowd.
4.3. Linear Relationship of Speed and Density

This method produced great results where the perspective viewing angle visibly maintained everyone’s height relatively the same across the entire crowd. It failed miserably when the perspective viewing angle allowed for different heights depending on a person’s position.  People farther away appear to be moving slower, which the algorithm calculates as higher densities.  Analysis with perspective viewing adjustments will reduce the error.  
5. Conclusion
The first and last methods seem to show promising results, however many more videos must be tested, and the algorithms need to be more refined before coming to a conclusion on their true effectiveness. 
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