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Algorithm 5.1 Main Procedure
1: procedure Art+R(P)

2: define +— = Add an element to a set/list.

3: define tsr;(scr;) = The temp-sub-region in the i** spanning-convex-region
where scr; 1s area-visible to tsr;(scr;).
4: /I*Decomposing P: Choose any decomposition of P that decomposes P into

a set of convex components. Denote each such component by scr.

5: for i=1 ;i < |SCRJ; i++ : //* for every spanning-convex-region

6: for k=1 ; k < |Ed;|; k++ : //* pick its edges one by one

7: for j=1; j < |SCR|; j++ : //* find each tsr corresponding to every scr;

inside each scr;

8: Find[vscr](ed;x,scr;) //* ed;, is the kth edge of scr;

9: if tsri(scrj) sees scr; do

10: VL(temp;(scrj)) <— scr;

11: ti «— tsri(scry)

//*Extracting guarding-regions from temp-sub-regions in each scr:

12: for i=1;i < |SCRJ; i++:

13: Decompose(scr;)

14: s; +— <the result regions, corresponding visible-lists>;
15: for each grins; :
16: S«— <gr, VL, >;
17: F «— Formulate the set cover problem and solve it approximately.

18: Return F
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Algorithm 5.2 Sweeping Procedure 1
procedure Reflection and Direct Visibility Simultaneously

2: If (p can see ww entirely (both directly and via reflection)) do
Set Cl, =p
4: If (p € EV1|EVs) do
Set Cl, =g¢
6: Put CI in the output set
If (p € EV;|EVs|EV;) do
8: If (p can see ww entirely (both directly and via reflection)) do
If (CI is set to a point previously) do
10: Continue to sweep on ed toward y;
else
12: Set CI, =p
If (; € EV;) do
14: If (p e EV;) do
If (C1, is set to a point previously) do
16: Continue to sweep on ed toward y
else
18: Set CI =p
else if (p € EV1|EVg)
20: Set Cl, =g
Put CI in the output set
22: Return the output set;

u_,g_.,;w_‘_;ud«.\.,é.x;g-jlﬁl Se9y YN0

Procedure Decompose(spanning—ConveX—region)
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Abstract

This document deals with the following results in details:

1. Given a simple polygon P with n vertices, the visibility polygon (VP) of a point g, or
a segment pq inside P can be computed in linear time. It is known that the visibility
polygon of a point inside a polygon in the presence of a mirror can be computed in
linear time. We propose a linear time algorithm to extend the VP of a viewer (point or
segment) by converting some edges of P into mirrors (reflecting-edges with specular
type of reflection), such that a given non-visible segment ww can also be seen from the
viewer. Various definitions for the visibility of a segment, such as weak, strong, or com-
plete visibility, are considered. Our algorithm finds every edge that, when converted
to a mirror, makes ww visible to our viewer. We find out exactly which interval of ww
becomes visible, by every edge middling as a mirror, all in linear time. In other words,
we present an algorithm that for every edge e of P reveals precisely which part of ww is

mirror-visible through e.

2. As mentioned, we study visibility with specular and diffuse reflections. The number of
times a ray can be reflected can be taken as a parameter. We prove that finding edges
to add exactly & units of area to the visibility polygon of a query point ¢ in most cases is
NP-complete, and its minimization is NP-hard. These cases contain single and multiple,
either with secular or diffuse reflections. Considering the diffuse type of reflection
when the multiple reflection is allowed, even more than two reflections, the problem
remains open. Also, the problem of finding edges to add at least k units of area with
the minimum number of diffuse reflecting-edges is NP-hard too. Extending visibility

polygons with specular reflection considering multiple reflections remains open.

Furthermore, we illustrate that if 7 is a funnel or a weak visibility polygon, then the
problem of extending visibility polygons via diffuse reflecting-edges becomes more

straightforward and can be solved in polynomial time.

3. Inthe document, we also study a variant of the Art Gallery problem in which the “walls”
can be replaced by reflecting-edges, which allows the guard to see further and thereby
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see a larger portion of the gallery. Clearly, if we let an edge of the polygon allow

reflections, then the visibility region should be changed accordingly.

Given a simple polygon P, in the Art Gallery problem, the goal is to find the minimum
number of guards needed to cover the entire P, where a guard is a point and can see
another point ¢ when pg does not cross the edges of P. This document studies a vari-
ant of the Art Gallery problem in which the boundaries of P are replaced by single
specular-reflection edges, which allows the view rays to reflect once per collision with
an edge. This property allows the guards to see through the reflections and thereby see
a larger portion of the polygon. For this problem, the position of the guards in P can be

determined with our proposed O(1)-approximation algorithm.

We also prove that if P (possibly with holes) can be guarded by o guards without reflec-
tions, then P can be guarded by at most Fe=sai guards when r diffuse reflections are

permitted.

Additionally, we show that for vertex guards, the art gallery problem considering r
reflections, for both the diffuse and specular reflection are solvable in O(n*" " +2) time,

giving an approximation ratio of O(logn).

Keywords: Visibility Polygon, Art Gallery, Mirror, Specular-Reflection, Diffuse-Reflection,
Single-Reflection, Multiple-Reflection
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