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Background - Pyramid Processing:
To increase the dynamic range, we start out by looking at a longer set of images and evaluating 
the image pairs sequentially, showing the fastest moving particles. In order to see the slower 
moving particles, we repeat this process however evaluating each image with every second 
image, then every third image and so on creating a pyramid like structure. By evaluating the 
images like this, we create a larger time separation between the images, allowing the slower 
moving particles to move enough to be analyzed and the faster moving particles to move out of 
frame. This is continued until either the slowest moving particles have been seen or no more 
image pairs can be created. At that point, the results from each image pair are averaged 
together to create a single velocity field. 

Motivation:
● PIV analysis is limited by the time 

separation between when each image is 
taken. This means:
○ Only a certain range of velocities can 

be measured 
○ It is not known how the particles move 

in between images. 

Vortex-in-cell Temporal Supersampling:
In PIV analysis, the motion of particles from image to image is assumed to be linear 
however, this is not true as particles may move in an arc or some non-linear path. To see 
how the particles actually move, the temporal resolution must be increased. This is done by 
using a model to reconstruct the velocity field iteratively based on the particles’ vorticity. The 
particles’ vorticities are found based on the particles’ positions and a third order symmetric 
interpolation function. Using the vorticities, the stream function of the flow is found using a 
Poisson solver which can then be used to find the velocity field of the flow. The particles are 
then advected based on the velocity field and the process repeats. 

Particle image velocimetry is a technique used to capture and 
measure the instantaneous velocity of a flow field. To further 
increase the dynamic range and temporal resolution of particle 
image velocimetry (PIV) measurements, a combination of two 
novel PIV image processing techniques called pyramid 
processing and vortex-in-cell. The pyramid processing technique 
evaluates the PIV data at progressively larger time separations 
in order to capture the movement of particles traveling at 
progressively slower speeds. The vortex-in-cell technique 
increases the temporal resolution of the data by performing 
interpolation in between each data point through the use of a 
vorticity based model. 

Background - Pyramid Processing

Collect long set of images 
spaced equally in time and 
evaluate image pairs (R) 
sequentially and average 
resulting particle displacement 
maps together for “layer 
averaged displacement map”

Repeat averaging of image 
pairs at ∆t=2 and so on, 
allowing slow particles to be 
analyzed and fast moving 
particles to move out of frame 

Once slowest moving 
particles observed, layer 
averaged maps scaled to 
same coordinate system 
and averaged together

Background - Standard PIV Image Processing
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Abstract

Background - Vortex-in-cell (VIC) Temporal Supersampling
❖ Particle motion in between frames iteratively interpolated using 

vorticity based model 
➢ Particle voticities found with particle position and a third order 

symmetric interpolation function
➢ Vorticity used to find stream function calculated using Poisson 

solver 
➢ Flow velocity field then derived from stream function and used 

to advect particles. The process then repeats

Results
Laminar Shear Flow

Turbulent Flow

➢ Decrease in 
reconstruction error 
by <1% in fast 
moving flow and 
~10% in slow 
moving flow

❖ Pyramid processing provides improvements over standard PIV 
analysis techniques at low velocities

❖ Addition of VIC should further improve resulting velocity fields

➢ Decrease in reconstruction error of ~10% in slow moving 
regions and ~2% in fast moving regions for both U and V 
velocities

➢ Largest improvements found near vortices
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Conclusion / Future Work

Standard Processing

Hello everyone! This poster showcases my current progress with my senior thesis project which focuses on combining two techniques in order to push beyond the limitations of particle image 
velocimetry. So, what is particle image velocimetry or PIV?  PIV is a method of visualizing and analyzing how a fluid flows as it moves through space. We do this by photographing a flow that 
has reflective particles in it using a high speed camera to capture a set of images with hundreds of points of light that looks like a starry night. We then analyze these images using algorithms 
that are able to track the particles as they move from image to image using particle displacement maps calculated using an FFT in order to create a velocity field of the particles’ motion. While 
this lets us see how the particles move, the algorithms that we use do have their limitations.  

One of these limits is the range of velocities we can see, which is based on the time separation between when each image is taken. If the separation between the images is too small, we may 
not be able to see some particles move but if it is too large, some particles may move outside of our frame.  There is also an issue where if the particles move too quickly between the images, 
we lose information about how the particles moved in between the two images. In order to help mitigate these two limitations, we are combining two methods. 

One of these techniques are called pyramid processing where instead of looking at just 2 images, we look at a longer set of images. We first pair the images together and evaluate them to find 
their displacement maps, letting us see the fastest moving particles.  We then repeat this process but pair each image with every second image and so on, creating a pyramid like structure. This 
allows the slower moving particles to travel a greater distance meaning the slower velocities are able to be captured. This is done until either the slowest moving particles have been seen or no 
more image pairs can be created at which point the displacement maps are averaged together to create the final velocity field.

The second method, called Vortex-in-cell temporal supersampling, lets us see how the particles move in between images by using a model to iteratively predict the velocity field at multiple points 
in between the images, thus giving us more information about the particles’ motion. This model uses the particles vorticity to find the velocity field as it allows for the velocity field to be temporally 
supersampled beyond the data’s nyquist frequency.

Moving on to the results, it should be noted first that the data here is only using the pyramid processing technique as the implementation of this technique has been the most difficult and 
therefore has required the most analysis while the vortex-in-cell method has been the most straightforward to implement. To evaluate the pyramid processing technique, two synthetically 
generated flow fields were used, a laminar flow with a large shear and a very turbulent flow with many vortices dispersed throughout it. Looking at the laminar flow, it can be seen from the 
averaged velocity field plot that the pyramid processing technique is consistently able to produce a more accurate velocity field that the standard PIV analysis with the slower velocities being the 
most accurate. Moving to the turbulent data, while it is more difficult to discern when looking at the heat maps showing the difference between the processed velocity field and the actual velocity 
field, the overall reconstruction of the velocity field using the pyramid processing technique is is more accurate than what was found with the standard PIV analysis. The difference is most easily 
spotted in and around the large vortices as seen in the plots as large circles. Given the lower errors, it can be determined that the pyramid processing technique does improve the range of 
velocities viewable. Ideally with the addition of the vortex in cell method, the overall quality of velocity fields should continue to improve. With that, thank you for listen and have a nice day!
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➢ Displacement map peak shift forward as ∆t increases
➢ Averaged map has wide base and sharp peak


