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Abstract— We contribute a novel algorithm for aligning
and stitching non-overlapping 3D meshes. Mesh aligning and
stitching are often combined to construct a complete 3D model
of an object. There are standard algorithms that address
this task for the case of overlapping meshes, i.e., meshes
that share common parts of a given object. The overlap
allows the registration and alignment of different meshes. The
algorithm here proposed, Joint Alignment and Stitching of
Non-Overlapping Meshes (JASNOM), addresses the case when
the overlap is not possible due to acquisition or application
constraints. JASNOM takes advantage that both meshes can
only be connected by their boundary to reframe the alignment
problem as a search of the best assignment between boundary Fig. 1. Our objective is to construct a me&h from two other meshes\/;
vertices. Given an assignment, the boundaries can be aligned and M,. Both meshes have a boundaB and B that do not overlap.
with a rigid transformation that aligns the two boundaries  To constructM, we align both boundaries through a rotatiéh and a
by minimizing the distance between corresponding vertices translationt and stitch the two meshes together by introducing a connectio
while preventing the meshes from intersecting. However, not MeshMe.
all assignments are valid. The boundaries are oriented curves

and assignments between the two boundaries must preserve . . . _ .
the order of the vertices. JASNOM takes advantage of the dynamic objects, such as humans or animals, as rigid objects

reduced number of order preserving assignments to perform This application is of particular value in cases where the
exhaustive search for the best assignment. The outcome of range sensors cannot be used in overlap with each other,
the search is not only the assignment between points in the ag s the case of the Kinect cameras. Due to interference

boundaries, but also the rigid transformation that aligns the two between the liaht patterns of different cameras. the Kinect
meshes. After alignment, meshes can then be stitched by using gnt p '

the assignment between vertices. One of the applications we c@meras do not allow multiple acquisition of images from

envision for JASNOM is the modeling of 3D objects retrieved ~the same surface at the same time instant.

from range cameras that cannot overlap such as the Kinect  Another possible application of JASNOM is to fill holes

(r‘;?:;ﬁrﬁ'siﬁgo;;g?trs%c;sostlﬁlei lrjrws:st?{a;ASNOM is to fill holes in a i, 5 mesh. In the case of interactive object modeling, our
In this work, we propose é new algorithm to SolVealgorithm allows a user to select parts from a mesh or library

the problem of aligning and stitching two non-overlappin f rgelsfge;ssilrgMusetthen} tO”ﬂ” T_oles n aﬁ lnco_;r;]plste %D

meshes of the same object. The problem of stitching mesh el . automatically aligns meshes with bound-

ries and stitches the two meshes. Because it is designed for

has long been introduced in 3D object modeling, e.g. in [1 “omplementary meshes, the user would not need to select
However, to the best of our knowledge, no work has ye ' .
g y exact part of the the mesh to fill the hole. Instead, the

been devoted to deal with meshes that share no comm N
ser would only need to select a part that would fit inside

parts. Our objective, as depicted in Figure 1, is to align twt hole. Th v of filling holes f h hes i
meshes, M, and Ms, that belong to the same object but € hole. The capacity of Tilling holes from other Mesnes 1S
&valuable use for the modeling of objects that have self

are complementary. After alignment, meshes should be glu8 . .
together in order to create a single mesh,that models the similar surfaces such as pllanes or.cyllnders.
surface of the whole object. There are several algquthms stitch two me_shes. To our
A possible application for our algorithm, Joint Alignmentknowledge, one of the first was presented in [1] and is
and Stitching of Non Overlapping Meshes (JASNOM), j@vailable in mesh manlpulathn software programs such as
the construction of object models from meshes captured frolfiéshlab. However, the algorithm proposed in [1] assumes
range sensors in diametrically opposite positions witpeet tha_lt meshes are initially aligned. The |n|t|al_ alignment re
to the object. Placed in such a geometry, the sensors provigdires the two meshes to have surfaces in common and
an almost complete view of the object in a single time framéhus the algorithm does not handle complementarity between
JASNOM is able to align and stitch meshes returned by eadhapes.
sensor. Because meshes from the different cameras would-urthermore, holes in 3d object models are so common
be acquired with little time lapse, our algorithm can modethat several algorithms have been proposed to remove them.
Some algorithms, e.g. [2], [3], also use information from
' ECE  depatments at  CMU  and  ISTUTL giher meshes to fill in the holes. However, they again
sbrandao@ce. cnu. edu . .
2ECE department at IST-UTLj, pc@sr . i st. utl . pt require overlap between meshes. There are also algorithms
2 CS department at CMWwel oso@nu. edu for closing holes that do not require overlap such as [4] and




[5]. However, those try to guess how the missing mesh shouidesh in point clouds, but do not represent the whole object.
look based on its neighborhood. Thus, the objective becomes the construction of a complete
Our proposed algorithm, JASNOM, differs from the pre-model from meshes originated from different range images.
vious works by not requiring previous alignment nor mesfhe stitching is commonly used for either the construction
overlap. JASNOM aligns meshes by iteratively assigningf the whole object model or just to fill holes in a model.
correspondences between vertices in the two meshes. Givenn [1], the authors present an algorithm for stitching
an assignment between vertices, the algorithm computesnge images. The algorithm receives as input a set of
the rigid transformation that minimizes a cost functiontthameshes with overlap between them. The algorithm first step
depends on the distance between corresponding vertices. Aligns meshes by means of an Iterative Closest Point (ICP)
the possible assignments are tested and the best assigesmeaigorithm. The second step removes overlapping regions
the one that has the minimum cost function after alignmenbetween two adjacent meshes, by deleting triangles. This
Because the search is exhaustive, JASNOM returns the gloaép leaves only the triangles that do not overlap or that
best assignment and respective rigid transformation. @ne overlap only partially. The final step stitches meshes by the
the contributions of this paper is on how to decrease thgoints where the partially overlapped triangles interséoe
search space from th&},; x Nz, the number of possible stitching procedure adds vertices at the intersection amd n
pairings between the boundary vertices of the two boundriangles are built on top of the original ones. When there
aries, tomin(Np1, Npa). is no overlap, meshes cannot be aligned using ICP and the
The reduction of the assignment search space is possiiftching cannot be built on top of existing triangles.
because the boundaries define a directed path. CorresponmMore recently, different authors, e.g. in [2] and [3], used
dences between the two boundaries must respect the paie same technique of mesh stitching w with the purpose of
topology and direction. In practice, given a single correfilling holes in a model. In both algorithms an initial step fo
spondence between one vertex and another vertex in mesh alignment was required. However, while [2] used parts
By, all correspondences between the remaining vertices agethe same object from different meshes to fill in the holes,
automatically defined. The search space is thus reduced[8) used other objects. Because the objects are different,
finding the first correspondence. instead of aligning the meshes with an ICP type of algorithm,
JASNOM introduces the order preserving constraint by3] resorts to non rigid deformations. Both algorithms used
parameterizing the boundaries. An example of a possibthe stitching algorithm proposed in [1] to combine differen
parameterization is the distance over the boundary to agiveneshes.
vertex. The parameterization also allows the use of sa@plin A different approach to the stitching step itself is present
in the boundary vertices and further decreases the seanﬁh[e]_ This work proposes a closing gap algorithm, which
space. stitches points from across narrow holes. Contrarily to the
Given a set of correspondences, JASNOM aligns thgreviously mention works, no alignment is needed in this
boundaries by minimizing the distance between correspongase because the vertices are all from the same mesh. Also,
ing vertices, while preventing the two meshes from intersecin [6], stitching does not build on top of existing trianglesit
ing each other. The intersection is avoided by modeling th@troduces new edges and vertices. The algorithm minimizes
contact region between boundaries as a plane. There is i@ length of the introduced edges and does not constrain the
intersection if each mesh keeps to their own side of the plangdges to meet in pre existing vertices. Furthermore, ittesea
One of the contributions of JASNOM is the introduction,and deletes vertices in the boundary whenever required to
in the alignment cost function, of a term that penalizes thgrevent edges to cross each other. JASNOM, constrains edges
number of vertices that cross the plane to #reng side. o the pre-existing vertices while the distance is minirdize
Finally, we contribute an algorithm to stitch meshes aftejn the alignment stage.
alignment. The stitching makes use of the assignments from jJASNOM adds to this list a stitching algorithm that aligns
the alignment stage and ensures that properties like megfashes with no overlap and connects the meshes without

manifoldness are locally preserved. using existing triangles.
The remaining of the paper is organized as follows: Sec-
tion | overviews different approaches to 3D object modeling Il. DEFINITIONS AND CONSTRAINTS

through stitching of different meshes; Section Il motigate
JASNOM by addressing the problem of mesh stitching from We now introduce some basic terminology on meshes and
the point of view of topology; Section Ill introduces thecomputational geometry to motivate and ease the discussion
JASNOM algorithm itself; Section IV presents experimentabf our proposed algorithm. In particular, we address the
results and, finally, Section V concludes and presentsdutuproblem of stitching from a topology point a view and
research. explicit the constraints topology imposes onto stitchifilge
constraints will be used to design JASNOM. The terms
. RELATED WORK here described can be found on computational geometry
The use of range images for 3D object modeling motivatdsooks, [7], or review papers, [8]. We start with the defimitio
the use of mesh stitching to construct complete models. Dwé manifold meshes and boundaries, concepts that until
to their planar topology, range images induce an intrinsioow have been used in loose terms. We follow with the
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(a) Closed Fan (b) Open Fan

(a) Vertex Order (b) Possible stitching orientations

Fig. 2. Examples of vertices in open or closed fans. In a cldaedhe

vertex is completely surrounded by mesh faces. In the operhfawertex  19- 3. Orientability of the surface seen at the edge levak Tigure on
has a neighborhood that is not covered by the faces. the left shows two adjacent faces with consistent normals. drder of the

vertices shared by the two faces has to be different in batistaThe figure
on the right shows the two possible orientations betweemdaries.

introduction of some tools, such as the boundary oriemtatio

that will be used throughout the algorithm discussion. ¢y cjes j.e. cycles that do not cross themselves. Even in the

A. Elements of a Mesh cases where the cycles share a vertex, they can be treated
separately.

A meshiM = (V. E, I) is composed by a set of vertices, In our problem, both}/; and M, are 2-manifold meshes

V, edges,F, and facesF'. The vertices are defined by 3d with boundariesB, — (Vi1, Ey) and By = (Via, Eya). By

rdin V= , €R3 i—1.N- : )
coord atesV’ {z1,22, .’IN}’ v ER®, - Vimn. our choice, the edges connecting the two mesi&s;.»,,
An edge in the mesh is the convex hull of two vertices . : .
. . will each have a vertex iV, and another vertex i;. To
and a face is the convex hull of N edges. In this work we . .
. o - preserve the manifoldness af, and M5, only the vertices
are only interested in triangular meshes, so N=3.

A star of a vertexv, is defined as the union of all facesfrom the boundary may belong t.o any of the edgesifc.
: ) Any other vertex,V; ; € V1\V41, is already part of a closed
and edges that contain that vertex: ; : : | K theR? |
Sy = {(U; By, UpF) : B Av # 0, F; N o # 0} an. Adding an edge td/; ; would brea t' eR top.o ogy
v I o ' ' of the fan. Also, because we only consider adding edges

JASNOM objective, as shown in Figure 1, is to con- . o .
nect o meshesM, = (Vi Ey,F) and M, = between boundaries and not within boundaries, all the the

V77 o o sonng s, (7, ) P wries et a1 e M 1 s s
‘/:927 Esl U E52 U Estitcha Fstitch)- (‘/sla Esl) and(‘/s% ESZ) ’

are a subset ofV;, ) and (Va, E») respectively. Further- topology and there would still be a boundary dh Finally,
. e . the edges inF;;;.;, must not cross each other. Furthermore,
more, Fiicn IS the set of edges incident to a vertex in mes

. the boundaries that interest us, i.e., boundaries in object
M, and another vertex iy VEg € Egen : Ex V1 # o000 meches. are cycles with an intrinsic direction tJhat
0V E, NV, # 0. Finally, each face i, is the convex ’ Y

hull of three edges fromi,. must be preserved by,.;:.,. The intrinsic direction is a

The remaining of this section addresses the choice gpnsequence of the orientability of the object surface mesh

subsets from(V; 2, E1 2) to use and how to defin€¢cp,. C. Orientability of Object Surface Meshes

B. Marnifold Meshes and Boundaries A continuous manifold is orientable if and only if it has
We are interested in meshes whose vertices lay on tleonsistent normals to the surface in every point. Examgies o
surface of an object. To study the surface through the megbrientable surfaces are the sphere or torus, while thbits
some properties from the former need to be preserved in tigrip is an example of a non-orientable manifold.
latter. One of the most important is timeanifoldness of the For 2-manifold meshes, the definition of a normal to a face
object surface. relates to a cyclic order of the face vertices. The normal to
Not all meshes represent a manifold. A mesh is a 2a face with verticed’;, V, and V5 can be estimated by the
manifold if and only if the interior of the star of each vertexexternal product of the vertices coordinafgs = (Zo—Z1) x
has the topology oR?, i.e. if it belongs to a closed fan as (z3 — 7). If the order of the vertices changes, the direction
shown in Figure 2(a). If the mesh has a hole, it becomesai the normal vector will be the exact opposite. To ensure
2-manifold with boundary. In this case, the interior of theconsistency on the orientation of two adjacent faces, the tw
star of each vertex either has the topology®f or the vertices of the common edge must be in opposite order, as
topology of R x R . The latter means that a vertex from theshown in Figure 3(a). The whole surface mesh is orientable
boundary belongs to an open fan as shown in Figure 2(hj.all adjacent faces are consistent. For edges that belong
From the edges perspective, if the mesh is a 2-manifold witie the boundary, there is only one possible orientations Thi
no boundary, all the edges belong to 2 faces. If the mesh dsientation defines the intrinsic direction of the cycle.
a 2-manifold with boundary, the edges may belong to one or To guarantee that the union of two meshes is orientable,
two faces. their boundaries cannot have a random orientation with
The mesh boundani = (V,, E}) is thus defined as the respect to each other. JASNOM stitches two meshes by
union of all edges that belong to just one face and all thassigning an edge from one boundary to the other. This
vertices that belong to open fans. Since boundaries enclasituation, shown in Figure 3(b), requires the orientatién o
holes, any boundary will be formed by the union of simpléhe boundaries to oppose each other.



D. Constraints path that transverses all the vertices once and only once. By
We have established the conditions to stitch two 2defining an origin to the boundary it is possible to embedded

manifold meshes with boundaries into a single manifold wite boundary into a line. Given two boundaries, we address
no boundary, namely: the problem of establishing correspondences between the tw

pcgundary vertices such that their order is preserved.
After choosing an origin for a boundarig, any function
g{afined over the boundary, can be written as a function of a
+ - .
least one vertex in the other boundary: single parametel,€ R™. Each boundary has its own version

iii) the assignment must preserve the order of the verticéy the param_eterll qnd l?' The local parameter Sho!"d be
in both boundaries: monotonous in the direction of the respective path. Givenm tw

. R+ + —
iv) the order is defined by the normal to the surface of face§ar_ameters, a mapp(a:) - R 7 R* such asp(ly) = I1, .
: efines an equivalence relation between the two boundaries.
adjacent to the boundary. X _
Given such a map, the pullback of a function &, f(1)
[1l. M ESHALIGNMENT AND STITCHING is mapped toBy with the pullback of f by ¢: ¢o*f(l1) =

The topology constraints from the previous section can b&(#(l2))-
mapped to the geometry problem of mesh alignment and to JASNOM defineg(z) as the distance over the boundary
the topology problem of stitching. to the origin of any pointc. The pointz is either a vertex
The first constraint allows solving the alignment problen®r just a point on a boundary edge. We use a subsdjipt,
just using boundary vertices. Considering that none of th@heneverz corresponds to a vertei;.
other vertices can have more edges assigned to them, theyhe function that JASNOM needs to compare across
will not participate on the stitching nor on the alignmens A boundariesf (1), is the ordering of points in their respective
previously stated, JASNOM only uses the boundary verticeBoundary. Because the order is only defined for the vertices
The second constraint imposes that every boundary vertérd f(/) over a continuous variable, the latter is in fact the
should have an edge linking it to the other boundary. Thiknear interpolation of the vertices order as a functionha t
is a topological constraint that does not effect the alignime distance over the boundary:
between the boundaries, but affects the stitching algorith (1 — 1)
JASNOM contributes with two simple strategies to assign fll) = T -t ky U <1< lgga,
vertices to every edge and to close facesip. (b1 = Le)
The third and forth constraint impose an order to the Vk=1,.,K -1 @)

as_signment and aIonv to define the ordering even wi_thout The order preserving assignment between boundaries de-
aligning th'e boundaries. JASNOM uses these constraints Hénds only on the shift between the origins of both bound-
parameterize the path of each pou_ndary, and _solves the COlRies. This means that we can fix the origin/f and only
spondences problem by establishing an equivalence "elat'ehange the origin of3,. Fixing the boundary of3; allows
between both parameter. Because the boundaries are cyclgssnoM to definef only once even when it searches for
there is no predefined origin for the parameter. Furthermorg,e pest alignment, which requires consecutive shifts ef th
each choice of origins leads to a unique assignment that fltigin in B,. Furthermore, the algorithm allocates the values
fills the previous topological constraints. Thus topolopna 7 in a look up table, which eases the retrieval during the
does not solve the correspondence problem. The geometryQfo -

both meshes then comes into play. After alignment, vertices 1},o map;p, between the parameterand!; is a reflection
assigned to each other should be close together. There fgﬁd scalingip (s (z)) = a(Ls — l2(z)) whereL, is the total

each assignment between vertices induces a rigid trangngih of B, and o scales the two boundary parameters to

formation that, when applied to one boundary, minimize§,o"same length. The reflection accounts for the change of
the distance between assigned vertices while prevent®g t§icntations from one boundary to the other.

@ntersecti_on betwe_en meshes. JASNOM evaluates how goOdIn conclusion, JASNOM estimates the order preserving
is the alignment induced by each assignment chooses t§§signment of points from boundaB to boundaryBs by:

global best. . . . . )
In the remaining of the section, we first present the_') computing the ordering functiofi(fy) for B;;

algorithm for creating order preserving assignments betwe i (Emgu“ng. thethorderllib ink B; IOf (te)ach lvertgx _in
the two boundaries; second we present our approach to 2 dy usmlg e pullback off(l) by ¢(l2): @ =
alignment of the two curves given an assignment and finally =~ """ {f(e(l2))}

i) edges connecting the manifolds can only be assigned
vertices in the boundaries;
i) all the vertices in each boundary must be assigned to

we present a simple strategy to construct the facea if... The output of the assi.gnmen.t step is the assign.ment matrix
_ . A € {0,1}N¥*M_ A is a binary sparse matrix whose
A. Assignment Between Boundary Vertices lines correspond to the ordered verticesApn and columns

A boundary is a graph3 = (V}, E}), with vertices defined to ordered vertices imB;. [A],; = 1 if and only if i =
by their coordinatesV, = {{z1,Z2,....Z,}, x; € R?}. round(f(¢(l2,;))). Because JASNOM assigns points from
The edgesF;, connect the vertices such that a simple cycld3; to By, each line inA has one and only one element
is formed, i.e., all the vertices are connected by a closeztjual to 1.



B. Alignment of Boundaries Curves

The problem of aligning two boundaried3?; and B
whose vertices are defined by their coordinaféss RN <3
andY ¢ RM*3 respectively, is equivalent to the problem
of finding a rotation,R*, and a translation;*, that applied
to Y minimizes some cost function of that depends on the
distance fronl” to AX and penalizes mesh intersection. The VZ‘
cost function assumes a fixed order preserving assignment Yi-
matrix A, that defines the correspondences between vertex (b) Second edge t@- (c) Missing edge inB:

coordinates mY_ a,nd_X' . Fig. 5. Schematic for the stitching between the two meshesghe set
JASNOM minimizes the cost functlonJ(R, t) : of one to one correspondences that result from the alignntegé sSee the

O@3) x R?® — R defined in eq.2. Two independenttext for comments.

terms contribute to the cost function. The first tetim(R, ¢),

minimizes the distance between corresponding points. TheTo stitch the meshes together, we use two simple strategies

second term,J>(R,t) minimizes the intersection betweenthat ensure that no edge crosses another edge from the stitch

meshes. To minimize the distance between points, we uig. First, we create a triangular mesh from the assignments

the usual sum of the square of the 2-norm of the vecto@ready present. Then we assign the missing edge3;a0

&, that connect each vertex in boundaryB, to boundary that they do not cross the edges already present.

B;. To prevent meshes from intersecting, JASNOM ensures For the first step, JASNOM runs through all the vertices

that all the points of boundary3, are in the same side v2,; € Vi2 and adds a second edge to each one. As shown

of the boundaryB;. In particular, they should be on thein Figure 5(b), the target vertex, , € V4; of the second

direction opposite to the normais, of vertices ofA/;. The edge ofvy; is the the first target of the next vertex; ;1

second term to the cost functios (R, T'), is thus a logistic in boundaryBs,

function that receives as argument the negative of prajecti  To assign the missing edges i, we run through all the

of &, on the mean normal to vertices i, n =< 7 >,. Verticesv,; € V;; following the opposite of their order in

Negative values of the projection correspond to points thalne path. JASNOM assigns to each vertex with no edge the

are on the wrong side of the boundary and thus are penalizeédme target as the target of the previous vertex inding 1,

by the logistic function. A slack variable), combines the as stage is shown in Figure 5(c).

two cost functions. The value of depends on the object or  The strategies here presented are not the only way to create

application. a mesh from the vertices and correspondences. However,
these are simple criteria that result in triangles and ensur

J(R,1) = Ji(R, 1) + AJ2(R, 2) @ that the stitching edges, locally, do not cross each other.
N
Ji(R,t) = Z ||ng§ (3) IV. EXPERIMENTAL RESULTS
k=1 We test our stitching algorithm with two experiments. In
Jo(R, 1) = _1 _ 1 4) the first we use a range image with a hole obtained from
’ 1+ exp{&k - /||&kll2} N a Kinect camera and patch the hole with a part of another
~ M - mesh. In the second experiment, we construct a complete
§k = ZAk,jfj —t—yR (5  3d model of the upper body of a human from range images
j=1 obtained simultaneously with two Kinect cameras.

The cost function/ (R, ¢) is non-convex and a local solution ~ For the first experiment, we use a simple range image
can be found using a generic non-linear optimization algd?f an object with a hole, Fig. 6(a). From a second mesh a
rithm, such as BFGS Quasi-Newton method [9]. To initializd?atch smaller than the hole was retrieved, Fig. 6(b). Rnall
the alignment algorithm, JASNOM first solves the relaxedASNOM covered and stitched the hole, Fig. 6(c). Since the
problem obtained from eq. 2 by setting= 0. For A\ = 0, Objective is for the patch to be inserted inside the othetimes

the problem is known as an Orthogonal Procrustes probleffiere was no need to penalize the intersections between

and has a closed form solution [10] meshes, i.e\ = 0;
) ] For the second experiment, two range images of the top
C. Reconstructing Triangles body of a human were retrieved simultaneously by two

After alignment, JASNOM uses the correspondences th&inect cameras. We then manually segmented the human was
induced the alignment to reconstruct the manifdlfi. In  from each range image. The result from the segmentation
particular, the assignment ensures that each verticds,in is shown if Figure 4. The complete mesh obtained with
already has an edge connecting it to a verteBinHowever, JASNOM algorithm is shown in Fig. 7. This shape has
not all the vertices inB; have an edge connecting Iy and several large holes across the boundary. In particular the
some vertices i3 have more than one edge. Furthermorehole created by the cut at the waist is large enough that, a
just ensuring that there is an edge for all the vertices, dosgmple attempt to minimize just the distance between ppints
not ensure that the end result is a triangular mesh. would lead to mesh intersections. To prevent intersection,



(a) My, front (b) M, side

(c) Mo, side (d) Ma, front

Fig. 4. Experiment II: construction of a mesh from a dynamic obja human. We acquired the input meshks, and M2, using two Kinect cameras

in opposite sides of the human. We segmented the human manually.

(a) Mesh with a hole (b) Patch for the hole (c) Hole filled

Fig. 6. Results for the hole patching experiment using JASNOM

(a) Back (b) Front

(c) Top
Fig. 7. Human model completed using JASNOM.

we increased the value of the slack variablén the cost
function. Furthermore, we note that in the two meshes used
construct the human, the boundaries are easily separated
a plane. Furthermore, because the shapes are homogene
the plane is reasonably well oriented according to the nbrm
mean< 7 >, which is in agreement with our estimate of
good side of the mesh.

V. CONCLUSIONS AND FUTURE WORK

tary manifolds and provided evidence of its potential tigtou
simple experiment with data obtained with a Kinect camera.

With respect to existing stitching algorithms, JASNOM
adds the capacity to create complete models without previou
registration of individual meshes. The registration tatic
requires overlap between the two meshes which is not always
available or convenient. JASNOM also does not require the
calibration of one camera position with respect to the other
The registration and construction of models can be easily
achieved with little effort and preparation.

The experiments showed that the alignment achieved at
the connection region is quite satisfactory. JASNOM proved
to be effective at reconstructing non rigid objects fromtiphr
views without calibrating the cameras positions. The ssgce
of JASNOM is due in part to the choice of the cost function.
By using the mean of the normals as a measure of the plane
that locally should divide the boundaries, the resultirigral
ment avoided severe intersections between the two meshes.
If the object had severe in-homogeneous surfaces and the
boundary was not properly explained by a plane, a different
penalization would be required. In our future work we aim at
defining local conditions for penalizing mesh intersediion
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