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Detecting Motion
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Pixel motion data
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Basic Flocking Behavior Algorithm

initializePositions() 

repeat 

    drawBoids() 

    updateBoidsPosition() 

until execution stop



Basic Flocking Behavior Algorithm
initializePositions() 

repeat 

    drawBoids() 

    foreach boid in population do 

        v1 ← collisionAvoidanceRule(boid) 

        v2 ← velocityMatchingRule(boid) 

        v3 ← flockCenteringRule(boid) 

        boid.velocity ← boid.velocity + v1 + v2 + v3 

        boid.position ← boid.position + boid.velocity 

    end foreach 

until execution stop

updateBoidsPosition()



Rules / Behaviors

Collision Avoidance
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Collision Avoidance



Rules / Behaviors

Velocity MatchingCollision Avoidance



Rules / Behaviors

Velocity MatchingCollision Avoidance Flock Centering



Optical Flow Technique

#pragma omp parallel for shared(files) 

    private(i) schedule(dynamic, 3) 

for i ← 0 to range(files) do 

    drawOpticalFlowMap() 

    saveOverlays() 

    averageFlows() 

end for



Optical Flow Technique

drawOpticalFlowMap()

#pragma omp parallel for shared(files) 

    private(i) schedule(dynamic, 3) 

for i ← 0 to range(files) do 

    #pragma omp sind 

    for y ← 0 to rows do 

        for x ← 0 to cols do 

            drawLine() 

            drawCircle() 

        end for 

    end for 

    saveOverlays() 

    averageFlows() 

end for



Optical Flow Technique
#pragma omp parallel for shared(files) 

    private(i) schedule(dynamic, 3) 
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Optical Flow Technique

averageFlows()

#pragma omp parallel for shared(files) 

    private(i) schedule(dynamic, 3) 

for i ← 0 to range(files) do 

    drawOpticalFlowMap() 

    saveOverlays() 

    #pragma omp parallel for shared(files) private(index, row, col) 

    for index ← 0 to numberOfFlows do 

        readImage() 

        for row ← 0 to imageRows do 

            for col ← 0 to imageCols do 

                addPoints() 

            end for 

        end for 

    end for 

    #pragma omp parallel for private(row, col) 

    for row ← 0 to imageRows do 

        for col ← 0 to imageCols do 

            updatePoints() 

        end for 

    end for 

end for



CUDA Kernel
loc ← input[Tid] 

v1, v2, v3 ← (0, 0) 

for i ← -radius to radius do 

    for j ← -radius to radius do 

        v ← vel[(loc.y + i) * width + loc.x + j] 

        if v ≠ (0, 0) then 
            accumulateVelocity(v, v1, v2, v3) 

        end if 

    end for 

end for 

output[Tid] ← v1 + v2 + v3
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Wind-map update
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update approaches

•Wind Velocity 

•Particle Velocity 

•Neighbor Velocity 

•All combined



Neighbor velocity – 1 hour
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Neighbor velocity – 3 hours
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Neighbor velocity – 15 hours
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Wind velocity – 1 hour
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Precision
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F1 score
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Conclusions



Thank You!





Backup Slide
•OpenMP: Google Cloud Platform VM with 32 virtual cores, and 32 GB of RAM 

•CUDA: Nvidia Tesla V100 GPU card available at the West University of Timișoara. 

•                          

•G. Farnebäck, “Two-frame motion estimation based on polynomial expansion,” in Image Analysis, J. 
Bigunand T. Gustavsson, Eds. Berlin, Heidelberg: Springer Berlin Heidelberg, 2003, pp. 363–370.  

•C. W. Reynolds, “Flocks, herds and schools: A distributed behavioral model,” in Proceedings of the 
14th Annual Conference on Computer Graphics and Interactive Techniques, ser. SIGGRAPH ’87. 
New York, NY, USA: Association for Computing Machinery, 1987. 

•E. L. Petersen, N. G. Mortensen, L. Landberg, J. Højstrup, and H. P. Frank, “Wind power 
meteorology. part i: climate and turbulence,” Wind Energy, vol. 1, no. 1, pp. 2–22, 1998.  

•Satellite imagery: ftp://ftp.nnvl.noaa.gov 

Recall = TP
TP + FN

Precision = TP
TP + FP

F1 = 2
1

Recall + 1
Precision


