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1 Matching and merging of range images

Part I. The goal of this part is to mark corresponding points
among different images and compute the 3D coordinates of such
points. The images are pictures of the same object but from differ-
ent points of view. So portions visible in picture 1 may no be visible
in other pictures and viceversa.

The matlab filemarkpoints.mallows you to mark correspond-
ing points among 3 picturegieta356-1.jpg pieta356-2.jpgand
pieta356-3.jpgy of the Michelangelo’s Pieta’. Run the function and
follow instructions to select mark points. Once you have selected a
certain number of mark points (e.g. you may want to use as mark
points the red dots within the statue’s surfagegrkpoints.mwill
dump the mark point pixel coordinates into 3 filesarkpoints1.txt
markpoints2.txand markpoints3.txiattached to images 1,2 and 3
respectively. If a mark point has not been selected within a cer-
tain image, the corresponding pixel coordinates will be saved as
(—-1,-1).

For each image, we provide the corresponding .wrl file
(pieta356-1.wrjpieta356-2.wrlandpieta356-3.wr). Each .wrl file
contains 3 parts: a list of the vertex indices of the triangles (called
coordinde) which accounts for the mesh connectivity; a list of the
3D coordinates of each vertex (calledord); a list of the pixel co-
ordinates of each vertex (calléekCoord. For any mark point, find
the triangle that a given mark poipt, belongs to: ifp1, p2 andps
are the vertices (in pixel coordinates) of such a triangle, find the
affine coordinatesXi, A2 and\s) of p,, with respect t1, p» and
ps (since the mark point belongs to the triangle definebyp-
andps, the affine coordinates must be positive).Af, P. and P;
are the corresponding 3D coordinate®ofp2 andps, the 3D loca-
tion P,,, of the mark point can be expressed as a linear combination
of Py, P> and P; with the same affine coefficients, Ao and \s.
Repeat this procedure for each mark point. As a result, you will get
a list of 3D mark point locations for each figure.

Part Il. The goal of this part is to use the mark points within
each figure to compute the relative position of a given mesh with
respect to the others. Assume that the absolute coordinate referenc
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Part lll.  The goal of this part is to transform all vertices of mesh1l
and all vertices of mesh2 into vertices within the reference system
attached to mesh2. In order to do that, we provide the program
ee193s08ifs.exe. You can ran the following command:

ee193s08ifs -transform param inputfile.wrl outputfile.wrl

whereparamis the following list of parameters:,, vy, 72, tz,
ty, t. (note: they must be separated by a space). The parameters
rz, Ty, > are the components of the vector obtained by applying
the rodriguez formula td&;;. (Note: the modulus of such vector is
sin(«) instead of justy). The parameters,, ¢, t. are the compo-
nents of the translation vectoy;.

As a result, you will get a filel.wrl and a file3.wrl, describing
meshl and mesh3 in the mesh2 reference system. You may want
to check the results in your java applet. You need now to assign
a uniform color to the 3 meshes. You can do that by using the
following command:

eel93s08ifs -color r g b inputfile.wrl outputfile.wrl

wherer,g,b are 3 floatse [0, 1] encoding the color you may want
to assign to the mesh. Finally you need to merge the 3 meshes. You
€an do that by running:

system is that attached to the mesh2 (i.e. the mesh corresponding  ¢q193508its -merge filel.wrl file3.wrl outfile.wrl

to image2) . You are asked to estimate the transformatigns

and T3> which allow you to transform any point in the reference
system attached to meshl and mesh3 (respectively) into a point in
the reference system attached to mesh2. The transfornigtjds

a rotation combined with a translation. You can complite (e.g.)

by following the least square procedure given in class (see class
notes). Calp1, p2, . . . pn the 3D mark point coordinates of mesh1
and callg1, g2, . . . gn the corresponding 3D mark point coordinates
of mesh2. CallR andt the rotation matrix and translation vector

of Th2. You can estimateR andt¢ by minimizing the following

quantity:
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The output file contains the 3 meshes depicted with different col-
ors. Print the results by using the java applet.

Part IV. We provide 3 filespieta356-1-032.rng pieta356-2-
032.rngand pieta356-3-032.rng- other files at greater resolution
are available. Such files contain the range data corresponding to
imagel, image2 and image3 respectively. In other words, for each
pixel z;; the distanceZ;; to the corresponding 3D point is available
(that is, the distance from the image planefg) . The format is
the following:

- image widthiW (number of pixels along the row)

- image height? (number of pixels along the column)

- width sizedzx (in meters)

- height sizedy (in meters)

- list of Zij
Thus, the (x,y) coordinates of the pixel; (i varies faster thaj)
are:
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y = (dy/H)(j + 0.5) — 0.5dy

z = (dx/W)(i + 0.5) — 0.5dx
The Z;; coordinate is the value of the corresponding pixel.

Z;; = —1 means no data available for that pixel.

Consider a bounding cube surrounding the whole mesh. Divide
the bounding box in voxels (little cube) of a certain size. For each
voxel, compute the centroid and compute the distancé,, D-
and D3 of ¢ from image planel, image plane2 and image plane3
respectively. Compute the pixels;, x> and x5 attached toc
in image planel, image plane2 and image plane3 (assume ortho-
graphic projection); From the range data providegieta356-1-
032.rng pieta356-2-032.rngnd pieta356-3-032.rngonsider the
range valueZ,, Z» and Z3 associated ta;, x2 andxs respec-
tively. CompareZi, Z. and Zs with Dy, D, and Ds. Label the
voxel according to following algorithm:

for i =1:3,
d; = 1if Z; < D, (inside)
d; = —1if Z; > D, (outside)

w; = 1ifthe c is does correspond to a data point in range image
w; = 0 otherwise

end

=3 wid;
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Which value would you assign to voxel IabelEf w; = 0?
Explain the reason. Repeat the whole thing for each voxel of your
bounding box.

In the last step you need to generate isosurfaces. You don't need
to implement the algorithm. Visit

http://mi.eng.cam.ac.uk/~gmtl1/software/isosurf/isosurf.html
and download isosurf.exe. Read through instructions and examples
in the site in order to figure out the input data file format. Isosurf.exe
generate a .wrl file which you can read with your java applet. Print
results and hand in all the codes you have generated.

For more information about the topics covered in this part you
may want to refer af Volumetric Method for Building Complex
Models from Range Imageby Brian Curless and Marc Levoy —
Siggraph '96 (see class web site).



