A first demonstration of the capability of thelmproc & Comvis suite, followed by coar se
Steran whole frame mean stereo disparity analysis against real world scenes.

Introduction.

After recently becoming aware of awidespread documented bdlief that fusion of stereo pairs of
images or other pairs of diolaced images was a“laborious & difficult” task, it was conddered time
to attempt to demonstrate the simplicity of such tasks by smulaing human vison as conceptudly
discussed in Chapter 10 of *Computer Vison - a unified, biologically-inspired approach’.

In preparation for attempting such atask, in the autumn of 2002, whilst on holiday in the Lake
Didtrict, | took the opportunity of capturing a selection of rurd views which were purposdy taken
with predominent overlgp of fied of view, but at the same time with a subgtantia mismatch of the
image pars. One such image pair was asshown infigure 1.  These images were captured with a
Fuji 4900Zoom digital camera having aresolution of 2400 x 1800 pixels. It isapparent visudly (by
looking at the relationship between the two wallsin the foreground againgt the edges of the frame)
that there is a substantial mismatch existing. A rough check on the magnitude of this by checking
the pixd vaues of the two wallsin the foreground using ‘ Picture Publisher’ showed that this
mismatch amounted to something approaching 200 pixels. It was consdered that such a substantial
mismatch was more than sufficient to use as a serious test of the practica capabilities of the
computer vison software suite ‘ Improc’ & ‘Comvis to generate required image pair fusion
correction data when used in conjunction with the supplementary area averaging software * Steran’ .



Fig. 1b. Origind scene (righthand viewpoint). 2400 x 1800 pixels.



Summary of progressive fusion theory.

The theory of basicaly how human vison achieves dmost ingant fusion of stereo image pairs from
our two eyes whenever we change our gaze is, according to my developed understanding, that each
of our eyes generates a concentric set of brightness difference images of the incoming scene at
various scaes.  The two sets of difference images are then merged / compared a higher neura
level, such that at each scale, over arange of disparities which increases with the level of scding, a
highly accurate (sub-pixd) locd measure of disparity is obtained relative to that level of scaling.
For ingtance, the highest resolution scaling, which is essentidly based on Laplacian-like differencing
at single receptor (or pixel) leve permits estimation of loca disparity to better than 0.1 pixels over
adisparity range of +/-2 pixels. Similarly, larger scaings permit estimation of loca disparity to
lower accuracies, but over larger ranges - eg. if working with ascaing of 10:1, this would mean
esimation of loca disparities to better than 1 pixel over a digparity range of +/-20 origina pixels.

If theloca digparities over agiven wider part of thefield of view are then pooled, and such a
pooling is consdered over the entire field of view, for any given scde a mean disparity can be very
rapidly established for that scaling. It israther obviousthat the large local disparities existing
across atypicd par of images exhibiting gross mismatch cannot be handled successfully a the
highest resolution, Snce in many sStuations this mismatch may well be severa tens of pixels,
together with possibly substantid differences in the mismatch for different parts of the field of view.
However, for substantialy coarser scalings, dthough the subtle details of the incoming images are
gradudly log, there will nevertheless be locd fluctuations in the 2D difference images which are
intimately related to the origind scene structure and, by definition, to each other.  Thisis
particularly trueif, a each stage of scaing, the resulting image is effectively blurred.

In human vision, of course, part of the progressive scding for the entire visud fidd is dready
provided at the retina by the progressive coarsening of the retina receptor matrix away from the
centra, foved region. It may well be, therefore, that for whole field digparity estimation and
progressive fusion in human vison, this progressive, concentric coarsening provides an important
part of the whole processng schema.  However, dthough conventiond digital imagery does not
have such an input advantage, it is very easy to arrange to carry out progressive image scaing
followed by sequentid processing of individua scaes of images, whilst making progressve
adjustments as one moves from coarser to finer sces.  Provided that one starts with an adequately
coarse scale (such that the generd levels of mismatch fall within +/-2 pixels at the coarsest scde), it
proves to be more than sufficient to work with a series of scdings in ratios of around 2:1, making
progressive adjustments to the input pairing as computed for each finer scale.  Typicdly it should be
sufficient to carry out no more than 3 or 4 iterations to arrive at a satisfactory overal fuson match.

Practical results.

As daed ealier, the image par shown in figure 1 have alarge horizontad mismatch, this being in the
region of 150 to 200 pixels. Therefore, in order to provide an initial coarse scaing which should
bring effective mismatch down to less than +/-2 pixels at the coarse scale, it would appear to be
necessary to carry out an initia processing on images which are scaled down by around 100:1
(greyscde is adequate). It isimportant that this scaing is carried out by blocking rather than
coarse sampling, in order that al subtle details are merged / averaged correctly in the resulting
image. Thisscaed down image (of only 24 x 18 pixeldl) should then be substantidly blurred (to the
same rules as have been found to be necessary to Smulate high fidelity retind imagery in human



vigon), resulting in a pair of scaded images as shown in figure2. Hereit can be seen that most of
the detail to be seen in the original images has been log, but nevertheless there i s arecognisable
scene structure existing which is comparable in the two images.

(a) lefthand viewpoint. (b) righthand viewpoint.
Fig. 2. 100:1 scaed greyscde images from figure 1 after applying sandard blur.

On processing the pair of imagesin figure 2 through the computer vison smulation and then offering
the output local disparity data to the supplementary disparity averaging process, a mean whole scene
digparity figure of 1.01 was determined.  Thisfigure, multiplied by the scaing applied to arrive at the
images in figure 2, should then be gpplied as afirst order shift correction for carrying out a second
paired frame processing (i.e. ashift of approximately 100 pixels on the Iefthand image relative to the
righthand image).  Incorporating this 100 pixe relative shift, a second scaled image pair were
generated, this time with a scaing of 50:1 followed by ‘standard’ blurring of the scaled images.
Thisresulted in the image pair shown in figure 3, where it can be seen that allittle of the origind
scene structure is being recovered, but the evident structure is still grosdy distorted.

(@) lefthand viewpoint. (b) righthand viewpoint.
Fig. 3. 50:1 scaled greyscae images from figure 1 after sandard blurring.



On processing the image pair of figure 3 through the computer smulation and then offering the
output local disparity datato the supplementary software, a new mean scene residual disparity
figure of 1.1278 was determined. Thisfigure, multiplied by the secondary scaling of 50 (i.e. 56.35),
provided a secondary shift component to be added to the 100 pixels dready gpplied to the lefthand
origind image (i.e. atotal shift of around 156 pixes).

Incorporating the total shift of 156 pixesfor the origind images, athird scaed pair were generated,
thistime using ascaling factor of 24:1 (24 rather than 25 for tidiness) followed by standard blur
(figure4). When this par were processed as previoudy, a further residua disparity figure of
0.3377 was determined. This figure, multiplied by the latest scding factor of 24 (i.e. gpproximately
8) needed to be added to the other two - i.e. 156 + 8 = 164.

(a) lefthand viewpoint. (b) righthand viewpoint.
Fig. 4. 24:1 scaled greyscae images from figure 1 after applying sandard blur.

At this point it was deemed useful to explore rather more criticaly what the actud distribution of
disparitiesin the original images was, bearing in mind that the scene comprised both comparatively
close and comparatively distant image components.  As auseful comparison of near and digtant,
three readily locatable edges were sdlected - onein the relative foreground (a house end) and two
across the river in the middle distance (a second house end and a characterigtic tree outling). 1t was
found that the actual disparity for the near foreground was approximately 162 pixels, whilst the pair
of disparitiesin the middle distance both measured approximately 168 pixelsd  So, even with only
three (relatively coarse scae) processes it had been possible to estimate the shift necessary for
gpproximate fusion to a mean value between near foreground and middle distance.

Since any further iterations could only generate further corrections of & most afew pixels - and
snce the variations between foreground and background were themselves severd pixels - for
whol e scene best fusion it was considered unnecessary to proceed further.  If, however, one
wished to improve fuson for aparticular part of the scene (at the expense of the rest), then it
would be possible, usng smilar processing, to refine the (now essentidly local ) fuson il further.

Conclusions,
From the foregoing, it is consdered fair to conclude that recent published clams that determination
of fuson for digparate pairs of images is alaborious and time consuming activity are grosdy



incorrect.  Even with manual interplay between stages of the processes described, the entire
processing is possble in amatter of afew minutes. Of this, by far the majority of thetimeistaken
up in setting and resetting the inputs for computation. 1t is believed that, with a smal amount of
effort, the processes can be automated, such that the entire fuson computation will be possiblein a
meatter of seconds!

|. Overington.
22nd January, 2003.



