CHARACTERIZATION OF ONE-DIMENSIONAL
TEXTURE --- A POINT PROCESS APPROACH

M. Zacksenhouse, G. Abramovich, and G. Hetsroni

Faculty of Mechanical Engineering
Technion, Israel Institute of Technology
Haifa 32000, Israel

ABSTRACT factors affecting heat transfer at the wall---grocess of
tremendous economic consequences. Previoussualization

The distance between 'texture primitives' is of major interest in studies [8] have demonstratethe existence ofcoherent
characterizing texture images. This is especially natural when structures in the turbulenboundary layer. The coherent
the texture primitives areelongated structures aligned in  structures next to the wall are high speegions and low speed
parallel to acommonmain axis, and the distance is measured streaks (the dark and light bands in iheage of Figure 1).
alongthe perpendicular axisSuch imagesrise,for example, Important parameteroncerninghe coherent structures include
in flow visualization studies, where the elongated structures are the distance and extent of the low velocity streaks.
low-speed streaks. A point process based texture generation
model is developed fdhe one-dimensional textuedonglines
perpendicular to the streaks. The popmbcess models the
location ofthe edges of the streaks, and usénige detection e : Flow
techniques, itsprobability density function (pdf) can be direction
estimated by the histogram of the distances between the 5 - o Irec 'OI
edges. It is showthat for the studied images the resulting
histogram is wide (coefficient of variation larger than half), and
demonstrated that in this caspreviously suggested auto-
correlation based methods are not adequate.

1. INTRODUCTION

Texture imagesnay bedescribed by simple texture primitives 200t 1
that are arranged in thmage according to sonmelle, which

may periodic or quasi-periodic, statistic, or semantic. Spectral,
statistical and structural approaches to texture anali®
been developed to address these different casedd@éjever,
while the spectral and structural approaches characterize the
distribution of the texture primitives, the statistiGgproach 0 : . -
characterizes only the resulting distributiorgody levels. Thus, 0 50 100 150 200
when the texture primitives are arrangstbchastically the Pixel number

relevant statistical methods do not provide direct b

characterization of the distance between the texture primitives.
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Figure 1. (a) Thermalimage (185 by 250 pixels)

A special subset of texture images of interest here, is based on showing low-velocity hightemperature streaks (bright
elongated texture primitives placed in parallel to each other  structures) separated Wygh-velocity lowtemperature
(Figure 1). In this case the two-dimensional textimage is dark regions. (b) Aross section dhe image along the
being reduced to a one-dimensional textaleng imagelines indicated column.

perpendicular to the major axis of the elongated primitives

(along columns ofhe image in Figure 1). The position of the 1.1 Previous Approaches

elongated texture primitivesalong that direction may be

specified by a one-dimension point process. We have developedPrevious analysis algorithms, using different visualization
a point process based textliree generatiormodel and used it  techniques, were based on spatial correlation of arrays of
to propose image processing algorithm to characténzepoint measurements taken perpendicular toffive (such as columns
process model and analysis tools to evaltizeshortcoming of in theimage of Figure 1). The distance betwées streaks was
spectral approaches in characterizing such images estimatedfor example, by the distance betwemsro-crossing

in the correlation signalHowever, the averaged correlation
exhibitedvery flat peaks [5[1], as demonstrated in Figure 2 for
the current study, making such estimations unreliable.

The images studied heeze taken by infra-redamera using a
new technique for visualizinghe structure of turbulenflow
near the wall. The overafjoal ofthe research is tetudy the



In an effort to overcomhis problem, it has begroposed [1]
to locate the first positive peak of treuto-correlation of
individual measurement arrays and use dkierage lag of the

first peak as an estimate of the distance between the streaksind

However,this method is questionable, givehe flat nature of

'beginning of streak’' should be associated wittead-ofstreak’.
Thus theunderlying marked point process can be described by
the statistics of the intervals between '+’ points to ‘-’ points
-" points to ‘+' points.

the averaged auto-correlation, as will be discussed later.
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Figure 2. Auto-correlation of columns of thermal
images averaged over 78 columns one from each image
in a sequence of 78 images taken 0.5sec apart.

1.2 Visualization Technique

The  visualization technique and experimental setup
described in [7]. Shortly, an infred camera is used to measur
the temperature field on the surface of a heater made @50
constantan foil, which was installed time floor of the duct. It is
assumed that the heater is tleimough sdhat the temperature
measured on the outside reflects well the temperature of
heater exposed to the flow. Henteg velocity field of theflow,
which affectsthe local heat transfer, is visualized byaging
the temperature field (Figure 1).ow temperature (dark
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regions) reflects high-speednd high temperatures (light

region) reflects low speed. The temperature rang2 ¢€ is
imaged into 25@yray levels. The image of Figure 1 includes
185 by 250 pixels and covers an area of 13.3 by 10.4 cm.

2. TEXTURE GENERATION MODEL

2.1 Point Process based model

Given the elongated texture of th#8ow images, we are

Figure 3. Point process basdihe texturegeneration
model

While not critical forthe development othe model, we assume
here that the statistics of the intervals between the points is the

same regardless of their mark. We denote BYX) the

probability density function (pdf) afhe intervals between the
points. A realization of a point process isset of intervals

{X} between the points. Since poirnn haveeither a ‘+' or

interested in characterizing the width and distance between thé -~ mark, each realization can be described by a bipolar pulse

streaks in the direction perpendicular to flev. While the
temperaturenay vary fromone streak to another and across a
streak, we neglechis information inthis stage and retain only
the information relating tahe position of each streak and its
width. This information is best representedtby edges of the
streaks

Along lines perpendicular to thitow, the edges appear as sets
of points marking the beginning and end of the strefaksn an
information point of viewthe location of these points can be

modeled as a stochastic point process on the line [3]. Since two

types of points are generated, those indicating the beginning an
end of the streak, a marked poprocess is used, where the
mark associated with each point is either ‘-' (beginning) or ‘+
(end) of a streak. Clearly, the marks are alternatingeaah

train P(K), taking the value +1 or -1 when a point with mark
‘+' or -’ exists in the interval [, (k+1)3], respectively, and O
otherwise § is the spatial resolution of a pixel). Thus, the
measured temperature profile along an imagimn T(K)

can be modeled dbe output of dow pass filter whose input is
a ‘box’ signal generated by summing the pulse train:

y(k) = Z Q) with y(0)=-.5

%\ssumingthat the first point is marked ‘+' and that there is an

even number of pointshe resulting signay(k) takes the values
+.5 or -.5 and is centered around zdtimally,



T(K)=yYKO KK

where,h(k) is the impulse response of the spatial filter add
denotes convolution. The stochastexture line generation
model is shown in Figure 3.

2.2 Auto-correlation Analysis

From the stochastic texture generatiorodel of Figure 3, the
auto-correlation ofhe output signalA; (m) can be evaluated
based on the probability densitiunction f(X) of the

underlying point process modeFirst, the auto-correlation
A,(mM) of the pulse train is the discreteersion of the

continuous space auto-correlation:
d d-a
Am=[ [ A(m+p) @ d
a=0B=-a

where the continuous space auto-correla#fgnis given
as the sum of the r-fold convolutiohy, (X) of the pdf
[3]:

ACI= Y (D) £,(%) X>0
= A(-X) X <0
=1 X=0

The auto-correlation ofhe ‘box’ signal Y(K) generated by

summing the pulse traif(K) , is given by

sziiaw

The final output signal is a filtered version of thex signal and
its auto-correlation is given by [9]

A(m = A(mO i m

Thus, theauto-correlation othe output signal is an integrated
and filtered version of thauto-correlation ofthe underlying
point process model.

2.3 Simulation

peaks of theauto-correlation nor those ithe power spectrum
provide reliable estimates of the mean intepval
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Figure 4. Average auto-correlation simulated pulse
train (solid),box train (dashed) and output signal (dots)
at the different stages of the texture generatimuel
based on a narrow pdf (upper) and a wide pdf (lower)
with parameters of Table IAverage based on 16
samples of 185 long vectors.

Considering a single columihe auto-correlation ofhe output
signal does exhibit a first peaklowever,the integration and
filtering stages havthe effect of shiftingthe first positive peak
toward higher lags. Simulations results, with the wide pdf of
Table I, demonstrate that the estimgimsposed in [1], based
on theaverage lag ofhe first peak in theuto-correlation of
individual columns, is biased by as much as 40%.

3. FEATURE EXTRACTION METHOD
3.1 Edge Detection

The texture generation model is based on a point proceds|
to producethe location ofthe edges of the streaksong lines
perpendicular to the flow. Thus, samples of tinéerlying point
process model can be recovered frra images by detecting

The texture generation model has been simulated to demonstratghe edges of the streaké/e have used €annybasededge

the relationship between the auto-correlatiothefsignals at its

detection method [2] and applied specially designed Dilation

different stages. Gamma pdf [3] , shifted by a single pixel, were ang Erosionmorphological operators for linking edges in the

used to produceither a narrow pdf witleoefficient of variation
(CV) less than half or a widedf with CV greater than half,
respectively (Table 1). A narrow pdf resulted in an oscillating
average auto-correlation alf the stages of theodel (Figure 4,
upper panel) and thiecation ofthe first peak or alternatively
the location ofthe peak in thepower spectrum (not shown),
provides a reliable estimate of the mean intepvaih contrast, a
wide pdf resulted in an averagito-correlationthat exhibits
weak oscillations whictare smeared by the integration and the
filtering stages (Figure 4, lower panel). In this case, neither the

direction of theflow (raw-wise). The detected edges and thus

the measured distances are sensitive to the threshold used in the

edge detection algorithm. Howevehe sensitivity ismodest
along a wide range of threshold valuasd we selected the
threshold at the upper limit of this range. Tér®ge detection
output is demonstrated in Figure 5, overlaid on top of the
processed image.

The gradient operator applied in edge detection has a pre-
whitening effect, as suggested previously [4]. HoweWeere



the resultingimage was used to generate a histogram of the 4. SUMMARY

decorrelatedyray levels, while here the edges doealized and

the histogram of the distance between the edges is computed. Wwe have foundhat the separation between the streaks and the
width of the streaks angidely distributed. In thdramework of

3.2 Distance and Width of Streaks the texture generatiomodel proposechere, thisinformation
characterizes theinderlying point process model. We have
Given the highly correlatednature of the imagegin the shownthat when thepdf of theunderlying point process model
direction of the flow), only a single column from each image has js as wide as the resultifgstograms auto-correlation based
been considered as an independent sample ofiritlerlying methods do not provide a reliable technidae estimating the
point process modelDifferent samples were selectdtom mean distance between the streaks. €Hgebased method

seventyeighth images taken 0.5sec apartaeoid temporal  proposed here provides a full characterizatiothef separation
correlation. Since thedge detection procedure is not perfect, 3nd width of the streaks; nanly their mean value. Further
candidate columns werdested for validity before being analysis using this techniquan be applied to studyow the

considered as samples of thederlying point processvalid separation between the streaks, hod the temperature of the
columns should have included alternating ‘+’ and *-’ edges streaks, depend on the width of the streak.

The histograms of the distances (normalized to unit area), and
the bestmatching shifted Gamma distributiorse shown in

Figure 5; thecorresponding parameterate given in Table | Parameters - Gamma
The results indicate that thanderlying point process model is Case meany ¢ min P a S
indeed wide. Simulation
Narrow (a) 7 1 1 6 36 1
Wide (b) 7 4 1 0.375 2.25 1
Data
Width 7.3 4.3 1 0.34 215 1

Separation 8.4 4.6 1 0.36 2.65 1

Table | Parameters of pdf used in simulations and of
histograms derivedfrom data analysis;along with
coefficients ofthe bestmatching shifted @mma pdf.

f(X) = p(p(X-9)“™ e?" /T (a)
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