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Abstract—Offsetting is used in a range of CAD/CAM appli-
cations, such as tool path generation for pocket machining. In
many applications, topological changes caused by offsetting are
undesirable, and should be prevented, or detected. We present
methods based on the medial axis transform to determine when
a topological change may occur under an inward offset, an
outward offset, or a combination of both, for a domain bounded
by Jordan curves.

In other applications, such as morphological image process-
ing, a combination of outward and inward offsets are used
to deliberately change the topology of a domain, e.g. to close
small gaps in a region. Such an operation may fail to change the
topology if certain conditions are not satisfied. We show how
to detect such cases, and how to modify the domain’s medial
axis transform to achieve the intended topological change.

Keywords-Topology; Offset curve; Medial axis transform;
Closing; Opening

I. INTRODUCTION

An offset curve is a curve a fixed distance away from a
progenitor curve. In this paper, we take the progenitor curve
to be a Jordan curve: a plane curve which is topologically
equivalent to a circle, in other words, simple and closed.
A connected planar domain may be bounded by several
nested curves. We call the domain bounded by the progenitor
curves the progenitor domain. The domain resulting by
offsetting these curves consistently (inwards or outwards)
with respect to the progenitor domain is called the offset
domain. The topology of the offset domain may differ from
that of the progenitor domain, so, for example, the inward
offset domain of a singly-connected domain may comprise
several parts. Such topological change may be undesirable:
an example arises when computing tool paths for pocket
machining [1]. In this paper, we employ the medial axis
transform (MAT) [2] to describe the shape of a connected
bounded domain in R2, and to analyse topological change
when offsetting domains.

Computing an offset curve of a given curve is not a
trivial problem. In general, the offset curve is not a rational
parametric curve even if the given curve is a polynomial
parametric curve. Much effort has been put into approximat-
ing offset curves [3]; Farouki and Sakkalis [4] introduced
Pythagorean hodographs curves, a special kind of spline
admitting rational offsets. Offset curves may self-intersect
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Figure 1. (a): an offset curve, (b): the corresponding trimmed offset curve.
Here and in other figures the progenitor curve is shown as a dashed line,
and the offset curve is a solid line.

(see Figure 1(a)) or intersect with the offsets of other
progenitor curves if more than one progenitor curve is given.
Thus, parts of the offset curve may need to be removed
to get the trimmed offset curve (see Figure 1(b)), which
is often referred to simply as the offset curve for short. A
formula that expresses the genus of the offset in terms of the
degree and genus of the original curve is given by Arrondo et
al [5]. Trimming the offset curve is tricky [6], [10]. In pocket
machining, the Voronoi diagram, which is closely related to
the medial axis for a simple curve composed of circular arcs
and line segments, may be used to compute the offset curve
without use of a troublesome trimming process [6], [8], [9].
Distance maps may also be used to trim offset curves when
the progenitor curve is a free-form curve [7].

Exact computation of the medial axis is tricky, so various
algorithms have been designed to compute an approximation
of the MAT, especially for a domain with free-form curved
boundaries [11], [12], [13], [14], [15], [16]. A review of
algorithms for MAT generation is given in [17].

A novel approach to computing the MAT is given by Choi
et al [18], [19], [20], [15]. The basic idea is to decompose
the complicated domain into a set of simple and easy-to-
handle sub-domains, and to compute the MAT for each sub-
domain. The MAT of the complicated domain is then the
union of the MATs of the sub-domains. A similar idea was
presented by Chiang [21] independently. Choi et al further
study domain decomposition from the viewpoint of offsets,
and use it to compute offset curves [20]. An algorithm for
computing offset curves using the MAT is also given in [16].



Existing research on curve offsetting is mainly concerned
with geometric aspects of the problem, and considerations of
topology have focused on how to produce a trimmed offset
curve with correct topology [20], [?], [22]. In contrast, in
this paper, we analyse the global topological change which
may occur when a domain is offset inwards or outwards,
or when a combination of these operations is used; we also
consider how to control topological change. The boundary
of the domain is presumed to be a Jordan curve, or several
nested Jordan curves. A domain bounded by one curve is
singly-connected, while a domain bounded by several nested
curves is multiply-connected. We do not consider algorithms
for MAT generation, as they can be found elsewhere. Simple
examples are used in this paper to explain topological
changes in the domain for different offset operations.

This paper significantly extends some ideas originally
presented in [23]. Section II gives various results about
MATs and offsetting. Topological changes for inward and
outward offsetting are analysed in Sections III and IV,
respectively. Combined inward and outward offsetting is
analysed in Section V. Conclusions are given in Section VI.

II. PRELIMINARIES

Let Ω be a connected and bounded domain in R2, and
∂(Ω) be its boundary, comprising a finite number of nested
Jordan curves. The medial axis [11], [18], [21] of Ω is the
locus of centers of maximal inscribed circles within Ω. The
MAT of Ω is denoted M(Ω) and comprises the medial axis
plus the associated radius r(p) at each point p of the medial
axis. A domain can be reconstructed from its MAT, i.e.

Ω =M−1(M(Ω)),

where

M−1(M(Ω)) = {q | ‖p,q‖ ≤ r(p), ∀(p, r(p)) ∈M(Ω)},

and ‖·, ·‖ denotes Euclidean distance.
A domain Ω and its medial axis are homotopically equiv-

alent, i.e. if Ω is n-connected, its medial axis is also n-
connected. The maximal inscribed circle centered at p con-
tacts ∂(Ω) at certain points. Non-isolated contact points of a
medial axis point constitute a circular contact arc. Taking an
isolated contact point or a circular contact arc as a contact
component, the number of contact components at any medial
axis point is finite. If there is only one contact component,
the point is an endpoint of the medial axis. If there are
n ≥ 3 contact components, the point is a bifurcation point
of the medial axis [18]. If Ω is bounded by a finite number
of mutually disjoint simple closed curves, each of which
comprises a finite number of piecewise real analytic curves,
the number of endpoints and bifurcation points of the medial
axis of Ω is finite, and the bifurcation points break a medial
axis into a finite number of curve segments [18]. The two
endpoints of a single curve segment may meet at the same
bifurcation point—see Figure 2(a). The MAT may also be a

(a) (b)

Figure 2. Medial axes of domains bounded by nested Jordan curves.

Figure 3. A domain bounded by three Jordan curves and its medial axis.

single closed curve—see Figure 2(b). If one endpoint of a
medial axis edge is an endpoint, it is an open branch edge.
A point p is a locally maximal or minimal point ofM(Ω) if
(p, r(p)) ∈M(Ω) and r(p) is locally maximal or minimal
respectively. Bifurcation points of the medial axis of any
domain bounded by Jordan curves must be locally maximal
points [18]. The medial axis of a connected domain can be
represented as a connected graph, whose vertices are the
endpoints and bifurcation points, and whose edges are the
curve segments.

For a multiply-connected domain Ω, the edges of its
medial axis graph can be classified into three types (see
Figure 3): (i) edges that constitute a cycle, (ii) edges that
constitute a path connecting two cycles, and (iii) edges that
constitute an open branch path connecting an endpoint of
the medial axis and a cycle. A connecting path may also
be part of another cycle, and cycles appear in the medial
axis around each hole of Ω. In the medial axis shown in
Figure 3, there are two cycles, one path connecting the two
cycles and one branch path. If we prune the branch paths,
the medial axis graph is still homotopically equivalent to the
progenitor domain.

If the domain is bounded by non-Jordan curves, the
bifurcation point of its medial axis may be locally a min-
imal point—see Figure 4(a); the medial axis may also be
disconnected—see Figure 4(b).

The inward offset of Ω by a distance r is the set

O−r(Ω) = R2 − {p | D(p,R2 − Ω) ≤ r},

and the outward offset of Ω with a distance r is the set

O+r(Ω) = {p | D(p,Ω) ≤ r}.
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Figure 4. Domains bounded by non-Jordan curves and the medial axis.

(a) (b) (c)

Figure 5. Closing operation: (a) progenitor curve; (b) outward offset curve;
(c) the result of the closing operation.

Here {p | D(p, A) ≤ r} is the Minkowski sum of some
domain A and a disk of radius r centered at p.

Define

M(Ω)−r = {(p, r(p)− r) | (p, r(p) ≥ r) ∈M(Ω)}.

Then
M(Ω)−r =M(O−r(Ω))

and furthermore

O−r(Ω) =M−1(M(Ω)−r).

This property can be used to compute inward offset
curves [16], [20]. However, if we define

M({Ωi})+r = {(p, r(p) + r) | (p, r(p)) ∈M({Ωi})},

in general the converse does not hold:

M({Ωi})+r 6=M(O+r({Ωi}))

and
O+r({Ωi}) 6=M−1(M({Ωi})+r).

Thus, O+r({Ωi}) can not be computed directly using
M({Ωi}) as in the case for inward offset curves. We will
show later in Section IV that in general, the medial axis of
{Ωi} is not a subset of the medial axis of O+r({Ωi}).

We analyse the topological change between Ω and each
of O−r(Ω) and O+r(Ω) in Sections III and IV respectively.
Ω, O−r(O+r({Ωi})) and O+r(O−r(Ω)) are in general not
geometrically identical. In morphological image process-
ing [24], O−r(O+r({Ωi})) is called a closing operation
(see Figure 5), while O+r(O−r(Ω)) is called an opening
operation (see Figure 6). Note that closing may fill a
concavity in the progenitor curve, while corners of the
progenitor curve are rounded by opening.

(a) (b) (c)

Figure 6. Opening operation: (a) progenitor curve; (b) inward offset curve;
(c) the result of the opening operation.

(a)
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Figure 7. Critical cases for offsetting: (a) inward offset; (b) outward offset.

When a domain is offset, either outwards or inwards,
or multiple domains are simultaneously offset outwards,
the offset boundary curves may contact at various isolated
points—for examples, see Figure 7. In these cases, the offset
domain is considered to be homotopically equivalent to the
progenitor domain. Note that this can not happen during
closing or opening if the progenitor domain is bounded by
Jordan curves.

III. INWARD OFFSETS

In this Section, we consider topological changes which
may arise during inward offset of a singly-connected do-
main, and then of a multiply-connected domain. An example
application of inwards offsetting is in pocket machining,
where it is used to generate tool paths.

A. Singly-Connected Domains

There is no cycle in the medial axis of a singly-connected
domain: the medial axis graph is a tree. As the connectedness
of a domain can only be decreased after inwards offsetting,
the topology of a singly-connected progenitor domain Ω can
only change in one way: O−r(Ω) can be broken into several
disconnected parts, and at the same timeM(O−r(Ω)) is also
broken into several disconnected parts.

There are two possibilities: one is that M(O−r(Ω)) is
broken at an edge, and the other is that M(O−r(Ω))
is broken at a bifurcation point. Clearly, if any edge of
M(O−r(Ω)) is broken into several parts (i.e. the radius
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Figure 8. Inward offset of singly-connected domains(left: progenitor
domain; right: offset domain).

function associated with the corresponding edge of the
M(Ω) is not less than r everywhere, and parts of the
edges with associated radius bigger than r are not con-
nected),M(O−r(Ω)) is no longer homotopically equivalent
toM(Ω), and in consequence O−r(Ω) is not homotopically
equivalent to Ω.

When M(O−r(Ω)) is broken at the bifurcation point,
there are two cases as illustrated in Figure 8. The medial
axis of the offset domain is shown as a thick solid line, and
the parts of medial axis of the progenitor domain where the
associated radius function is less than r are shown as thick
dashed lines in the offset domain (this convention is also
used in subsequent figures). The medial axis M(O−r(Ω))
is broken into several parts, but no edge is broken into parts,
if either of the following two conditions is satisfied:

1) The radius associated with at least one bifurcation
point of M(Ω) is less than the offset distance r,
and simultaneously there are multiple incident edges
whose associated radius functions are not strictly less
than r—see Figure 8(a).

2) The radii associated with at least two bifurcation
points of M(Ω) are less than r, and simultaneously
(i) there is at least one incident edge whose associated
radius functions is not strictly less than r for each bi-
furcation point, and (ii) the radius function associated
with the path between the two bifurcation points is
strictly less than r—see Figure 8(b).

Here a path may comprise several edges of the medial axis
graph. The topological change of a singly-connected domain
may be a combination of these two possibilities. For any case
of topological change, ∂(O−r(Ω)) contains more curves
than ∂(Ω), which is undesirable in pocket machining.

B. Multiply-Connected Domains

The bifurcation points of the medial axis of a multiply-
connected domain can be classified into two kinds: (i)

bifurcation points whose incident edges are all parts of some
open branch paths, and (ii) bifurcation points some of whose
whose incident edges are parts of cycles or paths connecting
two cycles.

As for singly-connected domains, M(O−r(Ω)) can be
broken at an edge or a bifurcation point. For edges that
constitute an open branch path and bifurcation points whose
incident edges are all parts of some open branch paths, the
topological change is the same as for a singly-connected
domain. In other words, if edges and bifurcation points in
the medial axis of a multiply-connected domain Ω satisfy the
condition given in Section III-A, the topology of O−r(Ω) is
different from that of Ω.

We now turn to edges and bifurcation points of other
kinds, i.e. (i) edges that constitute a cycle, (ii) edges that
constitute a path connecting two cycles, and (iii) bifurcation
points whose incident edges are not all parts of some open
branch paths. Clearly, if the radius associated with any point
of a connecting path is less than r,M(O−r(Ω)) is no longer
homotopically equivalent to M(Ω). If the connecting path
is also part of a cycle, the offset domain O−r(Ω) may still
beconnected, but the genus of O−r(Ω) differs from that of
M(Ω); otherwise, O−r(Ω) may be broken into several parts.
The topology of O−r(Ω) may differ from that of Ω in six
distinct ways, as illustrated in Figures 9(a)–(f) respectively:
• A cycle may break into at least two parts.
• A cycle may break into two branch paths. Note that,

unlike the previous case, the offset domain has fewer
boundary curves than the progenitor domain.

• A connecting path may break into at least two parts.
• At least two connecting paths which are also parts of

another cycle may break.
• A connecting path which is also part of another cycle

may break into at least two parts. Again, unlike the
previous case, the offset domain has fewer boundary
curves than the progenitor domain.

• The radius associated with a bifurcation point whose
incident edges are not all parts of some open branch
paths is less than r, and it does not matter what happens
to the edges incident to the bifurcation point.

For the cases illustrated in Figure 9(a), (c), (d) and
(f), O−r(Ω) must break into several parts. Such cases are
undesirable in pocket machining, although other cases are
acceptable, as ∂(O−r(Ω)) contains fewer curves than ∂(Ω).

The topological change when inwardly offsetting a
multiply-connected domain may include a combination of
all possibilities given in this and the previous Section,
dependent on the shape of the domain, or alternatively, its
MAT. If no edge constitutes an open branch path connecting
an endpoint of the medial axis and a cycle in the medial
axis of the domain, the possibilities given in Section III-A
can be excluded, and vice versa. The connectedness of a
multiply-connected domain can decrease, or the domain may
break into several disconnected sub-domains, after inwards
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Figure 9. Inward offset of multiply-connected domains (left: progenitor
domain; right: offset domain): (a) a cycle of the medial axis breaks into
two pieces; (b) a cycle of the medial axis breaks into two branch paths; (c)
a connecting path breaks into two pieces; (d) two connecting paths which
are also parts of another cycle breaks; (e) a connecting path which is also
part of another cycle breaks; (f) the radius associated with a bifurcation
point is less than r.

offsetting. If a cycle breaks into two branch paths, or a
connecting path which is also part of another cycle breaks
into two parts, the connectedness of the offset domain is
decreased by 1. If any of the other possibilities occurs, the
offset domain breaks into several parts.

(a)

(b)

(c)

Figure 10. Outward offset of singly-connected domains. Left: progenitor
domain, right: offset domain. Case (a) and (b): no topological change, (b):
topological change.

IV. OUTWARD OFFSETS

In this Section, we consider topological change during
outward offseting of a domain or multiple domains. The
connectedness of a domain can either decrease or increase:
existing holes of the domain may be filled, and new holes
may be created. However, the offset domain can not break
into pieces.

Given one singly-connected domain Ω, if two distinct
points pi and pj ofM(Ω) satisfy ‖pipj‖ < r(pi)+r(pj)+
2r, then the circle with radius r(pi) + r centered at pi and
the circle with radius r(pj) + r centered at pj intersect
each other. If such points are continuous over M(Ω)—see
Figure 10(a), or continuous over several isolated parts of
M(Ω)—see Figure 10(b), O+r(Ω) is homotopically equiva-
lent to Ω; otherwise, new holes are created, and the topology
of O+r(Ω) differs from that of Ω—see Figure 10(c).

Given a multiply-connected domain Ω, for an open branch
path or a connecting path which is not a part of another
cycle, the local topological change is same to that of a
singly-connected domain.

We now turn to edges that constitute a cycle. If the distinct
points pi and pj of M(Ω) satisfying ‖pipj‖ < r(pi) +
r(pj) + 2r constitute a whole cycle, the corresponding hole
is filled, and O+r(Ω) is not homotopically equivalent to Ω—
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Figure 11. Outward offset of multiply-connected domains. Left: progenitor
domain, right: offset domain. Case (a): gap filled, (b): no topological
change, (c): one hole is broken into two holes.

Figure 12. Outward offset of two initially separate domains (left:
progenitor domain; right: offset domain)

see Figure 11(a). As for a singly-connected domain, if such
points constitute a continuous non-full-cycle segment, which
may have branches, O+r(Ω) is homotopically equivalent
to Ω—see Figure 11(b); otherwise, if such points are not
continuous, new holes are created, and the topology of
O+r(Ω) differs from that of Ω—see Figure 11(c). The
topological change for a multiply-connected domain may
be a combination of all possibilities given in this Section.

For two domains, if ‖pipj‖ < r(pi) + r(pj) + 2r for
two points pi and pj of the two medial axes respectively,
the outward offsets of the two domains merge, causing
topological change—see Figure 12.

Generally, the medial axis of Ω is not a subset of the me-
dial axis of O+r(Ω), and M({Ωi})+r 6= M(O+r({Ωi})).
As a result, O+r({Ωi}) 6=M−1(M({Ωi})+r).

V. COMBINATIONS OF INWARD AND OUTWARD OFFSETS

We next consider the topological caused by a combination
of inward and outward offsets to one or several domains. We

(a) (b)

(c) (d)

(e)

Figure 13. Closing two domains: (a) progenitor domains; (b) outward
offset; (c) inward offset; (d) MAT adjustment and reconstruction; (e) new
closing result.

follow the convention of morphological image processing to
call O−r(O+r(Ω)) and O+r(O−r(Ω)) closing and opening,
respectively.

A. Closing

Given a set of domains {Ωi}, a closing operation
O−r(O+r({Ωi})) may be used with the intention of closing
them. The closing operation fills in narrow gaps between
the domains, joining them, as well as eliminating narrow
concavities and small holes within each domain. If the
width of a gap, a concavity or a hole is less than 2r, it is
filled by the operation O+r({Ωi}). However, the subsequent
inward offset operation may re-open some areas connected
by the outward offset operation, as noted in [23]—see
Figure 13. In Figure 13(b), two domains are merged by the
outward offset operation as the minimum distance between
the two progenitor domains is less than 2r. However, inward
offsetting in this case re-sepraates the two domains, as can
be seen in Figure 13(c); solid lines denote the boundaries
of the final result. This can be explained by considering
M(O+r({Ωi})). ForM(O+r({Ωi})), the radius associated
with each medial axis point inside {Ωi} must be bigger than
r, with the exception that the radius associated with medial
axis points on the boundary of {Ωi} may be equal to r.
Note that this is not necessarily true for any medial axis
points outside {Ωi}. If there are points on M(O+r({Ωi}))
with associated radius less than r, O−r(O+r({Ωi})) will
re-open the domain—see Figure 13(c). The thick black and
red segments give the medial axis of O+r({Ωi}); the red
segment is outside {Ωi} and a part of the red segment has
associated radius less than r.

If segments of M(O+r({Ωi})) have associated radius
less than r, and at such points we modify the radius to



make it greater than r, reconstructing the domain using the
new MAT guarantees a closed result after inward offsetting
O+r({Ωi}). We refer to segments of M(O+r({Ωi})) that
lie outside {Ωi} and connect {Ωi} as connection segments.
Note that the radius functions associated with other parts of
M(O+r({Ωi})) must always be greater than r. Examining
the radius function associated with the connection segments
allows us to identify those where the newly connected region
may become disconnected again by inward offsetting.

Along a connection segment, if the minimum associated
radius is less than r, re-opening will occur during inward
offsetting if nothing is done to prevent it—see Figure 13(c).
We thus adjust the associated radius function of those
connection segments where the associated radius is less than
or equal to r.

In many applications, it is helpful to give the closing
region a natural shape, which may be done as follows. Be-
fore adjusting the radii, each identified connection segment
T is extended in both directions along the medial axis—
see Figure 13(d). The maximal inscribed circles associated
with the extensions inside {Ωi} allow us to determine new
radii for each point of the segment in a suitable way. Each
segment is extended to whichever comes first: either the
nearest medial axis bifurcation point, or the first point p
along the medial axis satisfying l = r(p) − r, where r(p)
is the radius associated with p, and l is the distance from
p to the corresponding initial endpoint of the segment. If
p ∈ Ωj(Ωj ⊂ {Ωi}), p is typically near an endpoint of
M(Ωj). Thus, local shape information near the ‘tip’ of Ωj

is taken into account. As noted in Section IV, the medial
aixs of {Ωi} is generally not a subset of the medial axis
of O+r({Ωi}), so p does not exactly coincide with the
endpoint of M(Ωj). The new radius function assigned to
each extended connection segment T ′ may be determined
by linearly interpolating the associated radii at its two end-
points. After such adjustment, we obtain M̄(O+r({Ωi})),
which is in places the same as M(O+r({Ωi})). We thus
define a reliable closing operation formally by

Ĉr({Ωi}) = O−r(M−1(M̄(O+r({Ωi})))).

A reconstruction result found by inverting the modified
MAT is illustrated in Figure 13(d), and the corresponding
reliable closing result is given in Figure 13(e). Because of
radius re-assignment, the associated radius for any point
of M̄(O+r({Ωi})) is greater than r. Thus, Ĉr({Ωi}) and
O+r({Ωi}) are homotopically equivalent, and closing is
guaranteed.

B. Opening

For a domain Ω, O+r(O−r(Ω)) may be used with the
intention of opening it. The opening operation suppresses
small protrusions, and will cut a domain connected only
by a narrow neck into two separate domains. Specifically,
bumps or necks of width less than 2r are cut away from

(a) (b)

(c) (d)

(e)

Figure 14. Opening a domain: (a) the progenitor domain; (b) the inward
offset; (c) the outward offset; (d) MAT adjustment and reconstruction; (e)
the new opening result.

O−r(Ω). However, the outward offset operation may re-
close some areas opened by the inward offset operation—
see Figure 14. In Figure 14(b), the domain is broken into
two parts after the inward offset operation. As d < 2r,
(here d is the distance between the two endpoints of the
segment shown in dashed lines, and each point p of the
segment satisfies r(p) < r), the outward offset re-closes
the two regions, as shown in Figure 13(c). The existence
of such a segment results in a failure to open the domain.
In this specific example, O+r(O−r(Ω)) = Ω, as shown
in Figure 14(c). In general, a segment S ∈ M(Ω) which
satisfies r(p) < r,∀p ∈ S may contain bifurcation points.

As suggested for closing,M(O−r(Ω)) can be adjusted to
open the domain reliably. We can identify all cut-off points
between medial axis segments {Ti} which satisfy r(p) <
r, ∀p ∈ {Ti} and other segments. Note that such a cut-off
point q satisfies r(q) = r; it cannot be a bifurcation point,
as a bifurcation point is locally maximal. If any two cut-off
points pi and pj exist for which ‖pipj‖ < 2r, the outward
offset will re-close the domain between pi and pj . Such a
pair of cut-off points exist only if there is a path in {Ti}
between them because O+r(O−r(Ω)) ∈ Ω (otherwise, part
of O+r(O−r(Ω)) would lie outside Ω). To perform reliable
opening, such paths are extended alongM(Ω) to label those
medial axis segments whose associated radius function must
be adjusted to open the domain. If no bifurcation point is
encountered, the path is extended until ‖pspe‖ > r(ps) +
r(pe)+2r, where ps and pe are the present endpoints of the
path; otherwise, the path is extended along all edges incident
to the bifurcation point until any pair of endpoints ps̄ and pē

in the two directions satisfies ‖ps̄pē‖ > r(ps̄)+r(pē)+2r.
We simply prune the extended path from M(O−r(Ω))



except for its endpoints. After such adjustment, we
have M̄(O−r(Ω)), which is in places the same as
M(O−r({Ωi})). The domain will be opened at the cor-
responding position after outward offsetting—see Fig-
ure 14(e). This reliable opening operation is formally given
by

Ôr(Ω) = O+r(M−1(M̄(O−r(Ω)))).

VI. CONCLUSIONS

We have presented an analysis of the global topolog-
ical changes which may occur when offsetting domains
bounded by Jordan curves. When performing inward or
outward offsets alone, we can predict topological change
caused by offsetting, by analysing the medial axis transform.
Morphological closing and opening operations performed
using combinations of inward and outward offsetting are
intended to introduce topological change. We have discussed
conditions for when these operators fail to produce the
desired topological change, and a method of modifying the
medial axis transform to ensure the intended topological
change is achieved in each case.
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