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ABSTRACT

Traditional methods used to produce dense dispandyps for given stereo image pairs is
classified as either area based or feature basé#dbdse In this paper a we make use of area
based approach for selection of control points whace further used in order to calculate
matching pixel using surface fitting approach tpatforms pixel matching in stereo-pairs. The
approach performs pixel matching in conjugate pairsvo stages. The*1stage of similarity
between windows is measured using Normalized C@isselation, if maximum Normalized
Cross Correlation calculated exceeds a certainruppeshold it is considered as match and the
corresponding pixels are selected as control paints are stored in database. I &age of
algorithm, surface fitting is performed in this andow is selected such that at least 7 control
points are obtained in case number of control goglitained are less window size increases
dynamically so that more control points can be ipocated. With the multistage approach &
parallel processing speed of dense disparity magrgéon will improve along with improved
accuracy. The method is tolerant to radiometritodi®ns and occlusions.

INDEX TERMS—Area based matching, stereo-matching, correspondea problem,
disparity map generation, template matching, Normaked Cross Correlation, control
points, surface fitting.

INTRODUCTION

Stereo Image matching is one of the core reseasdsan field of computer vision and digital
photogrammetry. With advances in technology theafsmore precise feature based matching
techniques has become the necessity. The main rabtissparity maps produced by stereo-
matching techniques performed on stereo-pairs allswmo recover information that is notwo
present in any single image. The main goal of etaneage matching is to recover deptho
information from the given two or multiple image&tpva and Flusser, 2003).

In order to recover information related to elevatdepth, point to point correspondence o
stereo images is needed. Correspondence pointbenegnsidered as the projections of a singlg
point in to the three dimensional scene. The shithe positions of two correspondence pointg
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is referred as parallax or disparity which compilet#epends on position of the point in the
scene, orientation and physical characteristidh@ftamera and due to which epipolar line and
disparity can be used as constraints for matchtiayvever, feature based methods for stereo-
matching are comparatively more accurate, howewvejor limitation is that disparity maps
obtained are sparse (not dense). We are propossugface fitting approach that is not only
capable of producing highly accurate dense digparéps used in 3D scene reconstruction.

Our approach can be divided into 2 stages of madggctihe aim of the first stage is selection of
control point which utilizes Normalized cross ctat®n based pixel matching. The value of
Normalized cross Correlation obtained between esigg and template window is utilized to
find out whether the point selected can be userbasol points or not. If the normalized cross
correlation value obtained is fairly high then wanonsider it as control point for performing
surface fitting. In this method the basic unitstthee used for matching is regularly sized
neighborhood of a pixel. The position of the giveattern is determined by a pixel wise
comparison of the image with a given template ttattains the desired pattern. For this the
template is shifted m discrete steps in x direchod n discrete steps in the y direction of the
image and the comparison is calculated over thel@marea for each position (m, n). TH& 2
stage makes use of surface fitting, which requmé&simum of 7 control points’ pair to find
location of matching pixels accurately.

Various applications such as elevation mappingsamthce modeling, construction & landscape
requires highly accurate and dense disparity magsthe taxonomy given in (Peleg, and
Weiser, 1996), stereo algorithms that produce ddaepth measurements are classified as global
and local algorithms. Global algorithms (FusieRmberto, and Trucco, 2000) involves usage of
iterative schemes that carry out disparity assignmen the basis of the minimization of a
global cost function. Local algorithms (Muhlmannaiér, Hesser and Manner, 2002; Fusiello,
Trucco and Verri, 2000; Trucco and Verri, 1998)oaleferred as area-based algorithms
calculate the disparity at each pixel based onghetric properties of the neighboring pixels
compared to global algorithm; local algorithms gisignificantly less accurate disparity maps.
So to improve the accuracy the composite approacprésented in the paper. By visual
inspection of stereo image pair approximate dispaginge can be computed and the search area
can be limited, thus, improving computational speed can be used in real time applications
Area based algorithms uses pixel intensity to campgimilarity measure between small
template and a large search window by using dtalistorrelation; however no attempts are
made to detect salient objects. There is a highhahitity that a window having smooth area
without any prominent details is matched incorsegtith other smooth areas in the reference
image due to its saliency. Consequently they amsitee to the intensity changes, introduced by
noise, varying illumination and/or by using diffatesensor types

Even structural analysis fails to get correct mescim case of incomplete windows, occlusions
and distortions; to overcome this limitation sugditting is used.

The Section 2 explains various techniques useldrptoposed surface fitting approach. Section
3 explains the proposed algorithm, which is a mslige composite technique that utilizes
normal cross correlation in stage 1 and surfadenditat stage 2. In section 4, results are
presented for a sample stereo image pair and yimaHult analysis and an outlook to futureo
research activities S
THEORETICAL BASIS
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Zero mean normalized cross correlation algorithm

The problem treated in this paper is to find oet plesition of a given pixel in a two dimensional
image f. Let f(X, y) denote the intensity valuetiod image f of size M x N at the point (X,y), X _
{0,1, ...... ,M-1}, y _{0,1, ...... ,N-1}. The pattern iezpresented by a given template t of size
(p x g). A common way to calculate the position ¢spnpos) of the pattern in the image f is to
compute normal cross correlation vapyeat each position (m, n) for f and template t \khnas
been shifted m steps in x direction and n stepsdirection. The size of search window which
is larger than template window is determined by&tsing stereo-pair visually.

Ty (FEII=f gy )t =, (y =)=t
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In Equation (1) mean value {k.y) within the area of the template t shifted to (misndlenoted
by f (m,n). Similarly tis the mean value of the templ&tdhe denominator in equation (1) is the
variance of the zero mean image functigr y) — fm, n and the zero mean template function t(
- m,y - n) —t. Due to this, the parameter normalized cross cdroelaoefficient at (m,n) is
independent to change in brightness or contragteoimage. The desired position (mpos, Npos)
of the pattern which is represented by t is eqgenato the position (mmax, nmax) at maximum
value _max of (m, n). The method is more robush tbther similarity measures like sum of
absolute difference.
Surface Fitting
Due to occlusions, border pixels or low values @Q\correct match is not obtained by using 3
stage algorithm. For that case, polynomial fitimgised. It mainly comprise of two stages:-
Determination of Control Points
NCC based image matching is applied on the two cfestereo image and the points that are
matched with high cross correlation are used asr@opoints. There may be cases when for
particular template desired number of windows matybe present and in that case polynomial
fitting cannot be implemented. To overcome thisititnon adaptive window approach is used,
that is, size of window is increased unless minimaumber of control points required is
obtained
Determination of coefficients

X = ag+ aix +a=v+ Y, Fr:2(In(r:2)

Y= b+ Byx + by +FL  Er2n(r?))

In order to calculate the 14 coefficients minimudn7ocontrol points are required. In case
number of control points obtained is greater thathan 7 control points are selected randomly
for given number of iterations and using these raroints, coefficients are calculated, the
coefficients for which Sum of Squared Error is teasiong the set are used for calculatin
match points in sensed image. Once the coefficigiviss calculated match for given pixel Ofc\l
reference image can be obtained in sensed image

PROPOSED METHODOLOGY

A 2 staged surface fitting based method for higluesicy image matching is proposed below:
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* Normalized cross correlation coefficient betweempgkate window and search sub window
iIs computed. If maximum Normalized Cross Correlatiexceeds NCC-DSV (Direct
Selection Value), no further analysis in required ahe window is considered to be the
match, the central pixel of both the windows aleced as control points and stored in the
database.

* In order to find match for given pixel the templatendow corresponding to it in reference
image is selected and using the 7 control poinesctsd randomly at once calculation of
coefficient is performed, the process is continakgossible set of control point has been
selected, the result is compared using Sum of squarmror means, the set of coefficient is
selected that provides least of Sum of squared.erro

* Once the coefficients are calculated the pixel eslaf point on reference image for which
match is needed to be calculated is substitutedraatidh is obtained.

Set of control pomts from reference
unage withim selected window

Set of control pointy from reference
magze within selacted window

[ Fandom selection of 7 control points ] [ Fandom selection of 7 control peints ]‘
" Determmation of coeffictents for surface fit i
equations
Yes
Yes
[ Calculation of Sum of sgquared emor {83E) ]
| No
Setection of wet of coefficients With mininmm
SSE

Calcalation of position m sensed mmage for
given pomt m reference miage

Figure 1: Proposed Algorithm for high accuracy pixel matchin

EXPERIMENTAL RESULTS

The proposed method is executed on test stereceipag shown in figure 1. As shown in the
figure the left image shows the template window #rel right image shows the larger search
window. The size of the search window is decidedcbysidering horizontal and vertical

disparity measured by visually inspecting stereoipdigure 1.

\e}

Figure 2: Stereo image pair with left image with templatedaw and right image with search =
window )
As shown in figure 3, the block diagram for thegmeed algorithm, the two stages are selectio®

of control points via normalized cross correlatmd calculation of matching pixel position%
=)
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using surface fitting is shown. In order to imprepeed further parallel processing can be done.
Using normal cross correlation is decisive that cehstage should be used to find match
accurately. The method is very useful even in adsmcomplete windows and border pixel
NCC was further low and for such cases

In case the value of position of matching pixelantd is beyond the boundaries of image it can
be assumed that no match is found.

RESULTS OF SURFACE FITTING

Imaged

Figure 3: Matched Pixel in stage 3 using surface fitting.

Parameters

Percentage 0 97.66%
Correctly Matched

Pixel

Percentage 0 1.25%
Mismatched Pixels

Percentage of N 1.09%
matches

Time taken in seconds 9946.032

CONCLUSIONS
Conventional area based image matching algoritrodumres dense disparity map needed for 3-
D construction of a scene from stereo pairs. Ingheposed multistage surface fitting based
technigue two stages incorporating different metiagies are used to improve accuracy of the
match. The normalized cross correlation coefficisnised in initial stage to decide which stage
of analysis is further needed, if value obtainefhidy high than the points can be considered
and regarded as control points. This value of Nimad Cross Correlation is referred as Direct
Selection Value (NCC-DSV). In next stage surfa¢enfy is implemented that uses 7 control
points pairs, control points pairs are points @ matched with very high cross correlationsy
This method of area based image matching imprdweadcuracy of the match producing densgy
disparity map. It is useful in real time applicatias the size of search window can be reducéé
(7))

by visually finding disparity ranges in stereo iraggair reducing the computational cost. @
ﬁ
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