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Abstract - In computational geometry and robot motion planning, a visibility graph is a graph of intervisible locations, 
typically for a set of points and obstacles in the Euclidean plane. Visibility graphs may also be used to calculate the 
placement of radio antennas, or as a tool used within architecture and urban planning through visibility graph analysis. This 
is a brief survey on the visibility graphs of simple polygons and their types. 
 
Index Terms - Visibility Graphs, Vertex-EdgeVisibility, Bar Visibility Graphs, Invisibility. 
 
I. INTRODUCTION 
 
In a visibility graph, each node in the graph 
represents a point location, and each edge represents 
a visible connection between them. That is, if the line 
segment connecting two locations does not pass 
through any obstacle, an edge is drawn between them 
in the graph. Lozano-Perez & Wesley (1979) attribute 
the visibility graph method for Euclidean shortest 
paths to research in 1969 by Nils Nilsson on motion 
planning for Shakey the robot, and also cite a 1973 
description of this method by Russian mathematicians 
M. B. Ignat'yev, F. M. Kulakov, and A. M. 
Pokrovskiy. ElGindy has pioneered their 
investigation in his thesis (ElGindy 1985). He 
obtained a specialized result by restricting the class of 
graphs to maximal outerplanar graphs. Although this 
result is very restricted, it is the most general obtained 
to date. Visibility graphs may also be used to 
calculate the placement of radio antennas, or as a tool 
used within architecture and urban planning through 
visibility graph analysis. The art gallery problem is 
the problem of finding a small set of points such that 
all other non-obstacle points are visible from this set. 
 
II. PRELIMINARIES [1,4,13,14] 
 
The nodes of a visibility graph correspond to 
geometric components, such as vertices or edges, and 
two nodes are connected by an arc of the graph if the 
components can "see" one another, perhaps under 
some restricted form of visibility. The canonical 
example is the vertex visibility graph of a polygon: its 
nodes correspond to the vertices of a polygon, and its 
arcs to lines of visibility between vertices in the 
interior or along the boundary of the polygon. A 
polygon of n vertices will sometimes be called an n-
gon. 
 
Definition 2.1. A graph G consists of a pair (V(G), 
X(G)), where V(G) is a non-empty finite set whose 
elements are called points or vertices and X(G) is a 
set of unordered pairs of distinct elements of V(G). 
The elements of X(G) are called lines or edges of a 
graph G. If x= {u, v} ∈  X(G), the line x is said to 

join u and v. We write x= uv and we say that the 
points u and v are adjacent. 
 
Consider a graph 
 

 
 
Here V= {1, 2, 3, 4, 5, 6} is the vertex set of this 
graph and X= {{1,2}, {1,5}, {2,3}, {2,6}, {3,4}, 
{3,6}, {5,6}}is the line set of this graph and here, 
vertex 1 is adjacent to vertex 2 and vertex 5. 
 
III. COMPARATIVE STUDY OF VISIBILITY 
GRAPHS [2,3,5,6,7,8,9,11,12,16,17,19] 
 
3.1 Vertex visibility graph[3,6,14,16] 
The nodes of a visibility graph correspond to 
geometric components, such as vertices, and two 
vertices are connected by an undirected edge of the 
graph if the components can "see" one another, 
perhaps under some restricted form of visibility. This 
is known as vertex visibility graph. It is denoted as 
GV. 
Consider a graph 

 
Here vertex ‘a’ is visible to vertex ‘b’ and ‘e’. 
Vertex ‘b’ is visible to vertex ‘a’ and ‘c’. 
Vertex ‘c’ is visible to vertex ‘b’ and ‘d’. 
Vertex ‘d’ is visible to vertex ‘c’ and ‘e’. 
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Vertex ‘e’ is visible to vertex ‘a’ and ‘d’. 
 
Theorem 1: Every maximum outer planar graph G is 
a vertex visibility graph of a monotone polygon. 
 
3.2 Edge visibility graph [1,6,15] 
The edge visibility graph GE of a polygon P is to have 
a node for each edge of P, and an arc (ei, ej) ϵ GE if 
and only if ei sees ej, i.e., if and only if there is a point 
x on the (open) edge ei and a point y on the (open) 
edge ej such that x sees y. 
 
3.3 Bar visibility graphs [8,14] 
In a bar visibility graph (or just a bar graph), the 
nodes represent vertical line segments, and two nodes 
are connected by an arc if and only if their two 
vertical bars A and B can see each other horizontally 
and non-degenerately. More precisely, there must 
exist a non-zero height rectangle bounded by A and B 
to the right and left that does not intersect any other 
bar. 

 
 
Theorem 2: Every 1-tree and 2-tree is a non-collinear 
bar-visibility graph. 
 
Theorem 3: Every partial 1-tree (forest) is a non-
collinear bar-visibility graph. 
 
3.4 Bar k-visibility graphs 
Sometimes the requirement that the sightline must be 
a non-degenerate rectangle isadded. This definition 
produces bar ϵ-visibility graphs. Though we only 
consider bar visibilitygraphs with sightlines only as 
line segments, usually called strong bar visibility 
graphs, wemake the following assumption while 
bounding the thickness of bar k-visibility graphs: 
 
Assumption 1. If two endpoints of the bars have the 
same x-coordinate, we can elongateone of the bars by 
some real number ϵ such that no edges are deleted, 
and hence the thicknessdoes not decrease, so we 
assume that the endpoints of the bars have di erent 
x-coordinates.This assumption ensures that the bar 
visibility graphs that we consider are all bar ϵ -

visibilitygraphs. This assumption can also be 
extended to semi-bar k-visibility graph. 
 
3.5 Semi-bar visibility graphs 
A semi-bar k-visibility graph is a bar k-visibility 
graph where the left endpoints of all the bars have x-
coordinates equal to 0. 

 

 
3.6 Arc and circle visibility graphs 
An interesting extension of bar visibility graphs is the 
concept of arc visibility graphs, introduced by 
Hutchinson. It is defined as a non-degenerate cone in 
the plane to be a 4-sided region of positive area with 
two opposite sides being arcs of circles concentric 
about the origin, and the other two sides being 
(possibly intersecting) radial line segments. Two 
concentric arcs a1 and a2 are then said to be radially 
visible if there exists a cone that intersects only these 
two arcs, and whose two circular ends are subsets of 
the two arcs. A graph is then called an arc visibility 
graph if its vertices can be represented by pairwise 
disjoint arcs of circles centred at the origin such that 
two vertices are adjacent in the graph if and only if 
their corresponding arcs are radially visible. Circle 
visibility graphs are defined in nearly the same way, 
with the di erence that vertices can be represented as 
circles as well as arcs. Thus, all arc visibility graphs 
are also circle visibility graphs. 
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In arc k-visibility graphs and circle k-visibility 
graphs, the cones are allowed to see through k 
additional arcs and circles. 

 

 
 
3.7 2D Visibility versus 3D Visibility[18] 
Things are very di erent when we turn to 3D scenes. 
The path planning method described above does not 
generalize simply to 3D where 
theproblemhasbeenshowntobeNP-complete. 
Furthermore, in 3D, the term “visibility graph” often 
refers to the abstract graph where each object is a 
node, and where arcs join mutually visible objects. 
This is however not the direct equivalent of the 2D 
visibility graph. 
A line is a hyperplane in 2D, which is no more the 
case in 3D.Thus, the separability property is lost: a 
3D line does not separate two half-space as in 2D. 
Visual events are simple in 2D: bitangents lines or 
tangent to inflection points. In 3D their locus are 
surfaces which are rarely planar (IEEE or visual 
events for curved objects). All these arguments make 
the sentence the 
generalizationto3Disstraightforwardadoubtful 
statement in any visibility paper. 
 
3.8 External vertex-edge visibility graph[10,14,15] 
The external vertex visibility graph of P does not 
uniquely determine which vertices are on the convex 
hull of P. Here we show that the external vertex-edge 
visibility graph Ge

VEdoes.We define (v, e) ϵGe
VE(P) if 

and only if there is a point z on the (open) edge e 
such that the segment vz is nowhere interior to P. 
 
Theorem 4:Two vertices vi and vj of P are on the hull 
of P if and only if deletion of vi and vjfromGe

VE 
disconnects it into two components. 
 
Theorem 5:Ge

VE implies hull vertices. 
 
3.9 Invisibility graphs 
A visibility graph can be specified by listing its k 
edges (the visible pairs of sites); however, an 
alternative specification is to list the complementary 
graph edges, giving thosekc (k-complement) pairs of 
sites that are invisible to each other. 

CONCLUSION 
 
Visibility graph has so many applications in the field 
of Computer Science and Mathematics. Some 
advanced types of visibility graphs are discussed in 
this paper. Visibility graphs may be used to find 
Euclidean shortest paths among a set of polygonal 
obstacles in the plane: the shortest path between two 
obstacles follows straight line segments except at the 
vertices of the obstacles, where it may turn, so the 
Euclidean shortest path is the shortest path in a 
visibility graph that has as its nodes the start and 
destination points and the vertices of the 
obstacles.Further study on the visibility graphs may 
reveal more analogous results of these kind and will 
be discussed in the forthcoming papers. 
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