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Abstract In this paper, the problem of path planning is studied for the case of a
mobile robot moving in a priori unknown indoor environment, with static obstacles.
There is often a need to replan paths online based on information extracted from the
surroundings. The environment is modeled as a grid-map form of environment. The
online replanning problem is solved using a new approach for A� algorithm, called
OA�; Online A� allowing the mobile robot navigate through obstacles in unknown
environment and find the shortest feasible path from an initial position to a target
position by avoiding the obstacles. Simulation results show the applicability and the
feasibility of the approach.

Keywords Online path planning � Unknown environment � Indoor environment �
Mobile robot

1 Introduction

Navigation in a priori unknown environments has a wide spectrum of applications
in advanced robotics. Traditionally, this problem has been addressed either by
having the robot build a map of the environment [1] (what can be seen from actual
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position) before planning the path, or by applying a deterministic algorithms that
are able to cope with unknown environments [2].

Path planning is an important task in mobile robot intelligent control which
should be performed efficiently. Planning a path means generate a collision free
path in an environment with obstacles and optimize it [3, 4]. The environment map
may be imprecise, vast, dynamical or non-structured [5]. In such environment, path
planning depends on the robot sensory information about the environment, which
might be associated with imprecision and uncertainty. Thus, to have a suitable path
planning in such environment, the control system must be adaptive in nature of
work area. If the environment is known and static, then the path generate in
advance, it called off-line algorithm [6]. The planning is online [6], if it is capable of
producing a new path in response to environmental changes. The path planning is
the art of deciding which route to take for navigation under environment criterion.
The idea presented in this paper is a new approach of A� algorithm called Online
A�. In the order to update the A* algorithm for the unknown environment, which
allow an autonomous mobile robot navigate in static unknown indoor environment
based on sensors information about the environment and there position. Without
any need such external information or a priori information about the environment. It
can help the advantages of A� in path determination and eliminating many of the
drawbacks.

The rest of the paper is outlined as follows. Section 2 gives a description of path
planning method. The new algorithm for the path planning is described in detail in
Sect. 3. Section 4 provides the result through simulation and Sect. 5 concludes the
paper.

2 Path Planning

Basic assumptions used in this approach:

• The robot has a short sensing range compared to the size of the environment.
• Robot senses radially from its position. Some obstacles stop the sensing in there

directions.
• Robot knows its current position (coordinates, orientation, using local local-

ization (dead reckoning).

2.1 Environment Presentation

For modeling the system, the local work area must be discretized. Discretizing the
environment excludes lots of solutions. In this paper the terrain is described by
nodes formed on squares/rectangles of equal size. Then one assigns a cost for a
transition between two squares. Another straight forward approach, used by [7],
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is described by nodes connected by arcs. Each arc has a specified cost for moving
along it.

A similar description of the environment is to first place nodes in a grid pattern,
then assign costs for the transition between two nodes (squares). Two obvious
representations are shown in Fig. 1. The two patterns in Fig. 1 are, as can be seen in
Fig. 2, almost equivalent to the approach using nodes and arcs squares in a pattern.
The squares structure (map grid) allows more planning options and makes complete
presentation of the environment. For a map grid, to be an interesting approach.
Must have a sensing range longer than the length to the longest considerable
neighbor.

2.2 The Classic A� Algorithm

The A� operates [8] essentially the same as Dijkstras algorithm except that it guides
its search towards the most promising states, potentially saving a significant amount
of computation. A A� plans a path from an initial start state to a goal state. To plan
the path, the algorithms store an estimate g(s) of the path cost from the initial state
to each state s. Initially, g(s) = 1 for all states s. The algorithm begins by updating
the path cost of the start state to be zero, then places this state onto a priority queue
known as the OPEN list. Each element s in this queue is ordered according to the
sum of its current path cost from the start, g(s), and a heuristic estimate of its path
cost to the goal, h(s, goal). The state with the minimum such sum is at the front of
the priority queue. The heuristic h(s, sgoal) typically underestimates the cost of the
optimal path from s to goal and is used to focus the search.

The algorithm then pops the states at the front of the queue and updates the cost of
all states reachable from this state through a direct edge: if the cost of state s, g(s),
plus the cost of the edge between s and a neighboring state s0, c(s, s0), is less than the
current cost of state s0, then the cost of s0 is set to this new, lower value. If the cost of

Fig. 1 a 4-neighbors,
b 8-neighbors

Fig. 2 4-neighbors and
8-neighbors mapped onto a
node-arc pattern
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a neighboring state s0 changes, it is placed on the OPEN list. The algorithm con-
tinues popping states off the queue until it pops off the goal state. At this stage, if the
heuristic is admissible, i.e. guaranteed to not overestimate the path cost from any
state to the goal, then the path cost of goal is guaranteed to be optimal.

The above approach works well for planning an initial path through a known
map. However, when operating in real world scenarios, robots haven’t perfect
information. Rather, they may be equipped with incomplete or inaccurate planning
graphs. In such cases, any path generated using the initial map may turn out to be
invalid as it gets updated information.

3 The New Online A� Approach

The general idea of OA� algorithm is that a path is planned based on what is known
right now. When the robot gets new information it considers updating the path.
Gradual learning about the surroundings results in better plans. The information
about the environment is translated to nodes costs. If the terrain is completely
unknown the nodes can be initially assigned not affected by obstacles costs.

3.1 Operating Principle

The OA� algorithm determinate the path to the goal in unknown a prior environ-
ment by following the next steps:

Step 1: Based on the present knowledge a path from the current node to the goal
node is planned using an optimal solution (direct path) Fig. 3a.

Step 2: The robot follows the optimal path and explorer the environment in same
time. If they reach the goal, the robot stops. If an obstacle detected in the
path to the goal, the algorithm searches a new path to the goal step 3.

Fig. 3 Online OA star steps
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Step 3: determinate all neighbors of the current state Sc in a circle with center Sc
and radius the distance between Sc and the detected obstacle as Fig. 3b.

Step 4: compute the cost function for each neighbors determinate in step 3, using
the cost function described in Sect. 3.2, and store the result in a queue
(OPEN list) where the state (neighbor) with minimal cost are placed in the
top.

Step 5: robot move to the state with minimal cost, return to step 1 Fig. 3c.

3.2 The Cost Function

The OA* method use the cost function to determinate the current optimal path to
the goal. The cost function can be defined as below:

FðnÞ ¼ GðnÞþHðnÞþ TðnÞþOðnÞþMðnÞ

where
G(n) is the generation cost of the node i.e. from current node to node.
H(n) is heuristic cost of the node; here we consider the Euclidean distance

between the goal and n node.
T(n) is the cost of trajectory node i.e. how often robot visit the node, the T(n)

value given by mapping system [9].
O(n) present the occupancy of node i.e. low values for free or unknown node and

very high value for occupied nodes, the O(n) value computed by mapping
system [9].

M(n) is the cost of node neighbors i.e. low value if all neighbors are free nodes,
and become high with number of occupied nodes neighbors.

The next Fig. 4 presents the parameter of cost function.

4 Simulation Results

In this section, we give examples to illustrate the new path planning algorithm. The
working space is of 36 × 36 grids, and all obstacles in the working space are
described such that the mobile robot can be viewed as a point in a grid.

The path planning algorithm is programmed in LABVIEW platform on a
computer. We use two matrices, one for the map occupancy O, and the other for
map trajectory T [9]. The value of the element of the matrix O represents the
occupancy of nodes (free, occupied, unknown); for example, if the n node is an
obstacle, then the value of the element of matrix O(n) is infinite (in a program,
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assigned 100); if the m node is a free space, then the value of the element of matrix
O(m) is 0. The value of the element of matrix O that represents mobile robot start or
goal is 1, and the value of the element of matrix T that expresses the mobile robots
trajectory grid is increment by 1 each time robot pass through the node (the values
of these elements of the matrices were 0 before mobile robot passes).

Example 1: A mobile robot is passing through a simple environment with static
obstacles, as shown in Fig. 5a. According to the path planning algorithm, the
mobile robot will use initial path planning until an obstacle passes. Then, the mobile
robot will program new path based on OA* algorithm. Figure 5b gives the path
planning result. Where the red square is the position of the goal, the black squares
are the positions of the obstacles, and the blue squares show the path planning. The
algorithm find an optimal path to the goal through the unknown environment.

Fig. 4 Cost function
parameters

Fig. 5 Simple environment path planning
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Example 2: for improving the feasibility of the algorithm, we use the robot in a
small maze Fig. 6a, the result of simulation improve the feasibility of the algorithm
in complexes environments Fig. 6b.

5 Conclusion

This paper presented an algorithm for path planning in an unknown environment
based on the metric map. An improvement method for mobile robots path planning
was explored. The simulation results have shown that the algorithm is efficient. The
path planning algorithm has the following features:

(1) Easy to program
(2) Applicability to different static environments
(3) Convergence
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