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« Lotsof PTVtools |1  whatlwant

« PTVLab « Open source

« PTVResearch « Doesn’'trely on expensive software (M ATLAB)

. OpenPTV - Infegrated tool-chain

. TracTrac . Crosg—plo’rform

" « Continuously developed

¢ LOTS Of meThOdS e Parallel

« Shake-the-box « Graphical user interface

* HsPIV « Well documented

« Voroni « Confinuously tested

« Verifiedwith synthetic and experimental data

Particle Tracking Velocimebry F::’(EE'r-] = =

open source particle tracking velocimetry

* Predictor methods .

Jonnye higham@gmail.com
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« Particle Tracking Velocimetry (PTV) application
« Opensource

« Continuously develop EEa Baam[@Om i <r>nd e i == —

» Written in Python I e
« Opencv, numpy, scipy, Qt, matplotlib

« Uses gitf for version confrol T ’

« Test harness runs every commit T ———

| |V Filter tracks

Minimum consecutive e
points !
Maximum velocity | 2.000 [2] mss

Vpkuncertainty VqerkUncertainty
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initial search radius
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polynomial fit

(1239, 526) = 42

Ready Found 32414 tracks | CPU: | 0% || RaM: [[18% |
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Post-
Load media Find objects : process
tracks
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« Read videos (almost every format)
« Image stacks e s ———
 Synthetic data E——

« Gaussian, circle, or template
« Count, resolution, velocity, acceleration

ﬂ;;

o0 e Tracker - Untitled*
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| Media »« distribution ‘ c Calculate/Refresh Statistics ‘
Statistics
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X Y Mag
1004 m=m synthetic mm Synthetic Mean 0.700 _0.241 15.686
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Plot Distribution Raacy TP « RAL: c—
w 601
8
g 150 1 * @ Export track

100
Write fram

Write track ID
50 4 [ Only write valid tracks
Write File

8
&1 Counts
g =
3
2
a
8 2 3
E &
s £
3
S
&=
@
2

oL

T T T T T
—50 0 0 10 20 30 Bins 10 - 10 ;
X Velocity [p/f] Y Velocity [p/f] Interpolator nearest n

n Colormap rainbow B
A RR R AN me oo ee
Ready Found 108 tracks | CPU: s | RAM: s

U.S. DEPARTMENT OF

ENERGY 8/20/2019




Calibration
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Simple calibration tool

« Load image with length reference
* Draw line onimage

« Seft the real line length

« Set frames/second

pixels/frame -> m/s
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Image processing tools include

« Rotation (90° increments) . o
« Cropping
« Background Subtraction o,

 Mean, MOG2, KNN

« Denoise e
« Gaussian, median, bilateral S
Simpie Bzt B
« Brightness/contrast (linear) S

 Tone curve
« EqQualize histogram
* Threshold

“‘ U.S. DEPARTMENT OF
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Object segmentation
o Label - | -

=@ @ a a@ ik ¢« k> o Do - L Tk Veizati Post
« Hough circles o P AR e ‘
« Simple Blob ot o —-

F7%,, U.S. DEPARTMENT OF

8/20/2019




Tracking | Poly Projection N = [NanoNAL
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Vykuncertainty Vn+1kuncertainty

Frame Description K,f,
f/./ “'\\ \\

n An objectis identified initial search radius \

n+1 Within r.q,,, find the closest object to the |
previous location, p(n).

n+2 Using p(n) and p(n+1), calculate the velocity

v(n). Using this velocity, predict the next
location. Within the r_,.,(n+2), find the closest
object.

n+3 Using p(n), p(n+1), and p(n+2), fit a polynomial,
f(). Evaluate the polynomial, f(n+3), to predict
the next location. Within the r,,,,(n+3), find
the closest object.

n+i Repeat the n+3 step until an object cannot be
found withinr__. . (n+i).
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Frame Description * aHash—averageimage hashing

n An objectis identified * pHash— perceptual image hashing

n+1 Within ry¢,, find the object with the « dHash — difference image hashing
closest Hamming distance for the image e SSE—sum of squared errors
hashes or the smallest error metric. « MSE — mean squared error

n+i Repeat the n+1 step until an object e L1norm
cannot be found within r.....(n+i). e Linfnorm

original difference average perceptral

o | R .o

P
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Visualization

 Points and/or lines
- Change history length
« Color by

. Track, velocity, or constant

« Save image stacks for prefty
videos!
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Post processing
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« Distributions
« Quiver
« Spatially binned average
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« Synthetic image stack

- True Tracked
S PN ® True
c [} ’¢0 X oy, 4 T /\
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« NETL Small Scale Challenge
Problem

« Compare to HsPIV*

TRACKER GOPALAN
Velocity measurements 41,356,169 34,479,966

Mean X Velocity -0.0042 -0.0060
Mean Y Velocity -0.1299 -0.1457
Mean Magnitude 0.4589 0.4704
X Y Magnitude
1.2
J Gopalan
3.0 1.0+ 154 Tracker
2.5 1
0.8 -
2.0+
0.6 - 1.0 A
1.5 A
1.0 + 0.4 7 0.5
0.5 0.2 1
0-0 1 T T 0-0 T 1 1 0-0 1
=2 0 2 —-2.5 0.0 2.5 0 2
Velocity [m/s] Velocity [m/s] Velocity [m/s]
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Riser Pressure Drop (in-H,0)
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10 15 20 25 30 35 40
Time (s)

\

TRACKER CUT OFF %ERROR
TEST1 24.875kg/m?2s 24.25kg/m2s 2.58
Standpipe Risers TEST2 24.827kg/m?s 24.23kg/m?s 2.46
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3P|V Challenge Case B: http://www.pivchallenge.org/
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1Gas Velocity
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Summary

A new tool for particle fracking has

been developed

« Open source

« cross-platform

 Parallel

Future work
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Questions?

mfix.netl.doe.gov

VISITUS AT. www.NETL.DOE.gov

@NETL_DOE
@NETL_DOE

@NationalEnergyTechnologyLaboratory

CONTACT:
Justin Weber
justinweber@netl.doe.gov

PTV
Challenge
Problem?

MFiX-DEM
Simulation

Rendered with
Blender



