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Abstract:

Autonomous rovers navigating over an unknown planetary environment should traverse
independently and efficiently with the knowledge of limited power, computing and motion
limitations and also large time delay in the communication between ground station and space
segment. The rover uses stereo images for its path planning and obstacle avoidance. Depending on
the scenario and available resources, navigation has to be carried out in an autonomous way. The
key agent of system is it follows both global and local path planning method to arrive at suitable
path to reach the goal. In the present available setup, it gives an efficient navigation strategy to
automatically traverse the rover in a planned path with less resource and energy.

Introduction:

Environment in the interplanetary space are hazardous and unstructured. The surface of such
planets pose bigger challenges to our rover for autonomous navigation. Our rover must be capable
of navigating in such environment without colliding with obstacles like rocks, boulders and also must
avoid slipping into a pit or ravine which a cause it to tip over. There are larger areas where rover can
traverse freely by avoiding obstacles. Rover should also know to avoid rocks and going towards hilly
regions. Larger regions are unlikely to be explored most of the times, rovers should be intelligent to
avoid such areas and avoid obstacles by rediscovering and incorporating information on the way to
reach the goal. Several things are to be taken care for considering the complexity of navigation. It is
not only required to consider the local motion but also to think to successfully reach the goal. For
this reason we developed the challenges into local and global planning. In local planning we quietly
see the hazards and obstacles using sensors attached and the rover will make decision to avoid such
scenarios. In global path planning, we must see the other aspects by taking a broader view to reach
the goal successfully by considering higher range of information and data. Even though the local and
global planning evaluate traversability each have its own significance.

NASA has conducted experiment of on-board navigation on Mars surface using Spirit and
Opportunity rovers. The purpose of the navigation system is to move the rover around the Martian
surface in order to locate and approach scientifically interesting targets. To begin the process,
engineers on Earth identify a goal location that they would like the rover to reach. Typically, images
returned by the rover are used to select this goal. There are two main methods that can be used to
reach this goal. The first and simplest is the blind drive. During a blind drive, the rover does not
attempt to identify hazardous terrain and simply drives toward the goal location. The second option
is autonomous navigation with hazard avoidance. In this case, the rover autonomously identifies
hazards, such as large rocks, and steers around them on its way to the goal.

Related Work:

Several research has been carried out to perform navigation over different surfaces of earth and
planets. Neural network training method for path planning of rover systems has been used by Bassil
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[1]. Training issues and complexity of the network is a hurdle in this. In D*algorithm we have found
the complex computation and large memory requirement and it has been proposed by Carsten and
others[6] and Singh and others [22 ]. It also has some advantages like dynamic updation of the path
but disadvantage of not finding optimal path for smaller grids and computation time is excessively
large[James-2005]. Some technologies used in Mars Rover sample return operations[ 3,14] has
advantages with respect to global and local traversability. Brunner [5] used the A* algorithm for his
navigation over the terrain environment for path planning and navigation, mainly micro rover
navigation in autonomous environment. Singh and Others[22] uses D* algorithm for global path
planning. Field D* has been used with experiments to robustly navigate over hazardous terrain.
Several kind of bug algorithm has been used by different authors for navigation, path planning as
well as localization. Still we have observed that there are problems exist in handling navigation w.r.t
local and global path planning and identifying obstacles. We have put our efforts to bring out better
methods to overcome these problems using tangent bug and A* algorithms.

System Architecture:

Feature extraction Path planning
Image and other Path Planning methods
Database "
Localization
Feature Extraction and
obstacle mapping

[

Navigation functionalities, Algorithms

A

Rover Model and Dynamics

A 4

Implementation

Figure 1. Navigation Architecture for interplanetary mission

Feature extraction, Image processing and data analysis modules are responsible for extracting image
data, conversion to DEM, analyzing the image data from rover cameras. These images are processed
and filtered to identify obstacles to continue with the rover activities and science experiments. As
shown in the figure 1 block architecture, the image data is passed to feature extraction and obstacle
mapping where various features like rocks, boulders etc are classified to identify non navigable
regions.
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Rover Model and Dynamics: The rover model and terrain surface extracted from filtering have
larger significance in navigation of rover system. As far as dynamics is concerned, there are mainly 3
aspects: kinematics, dynamics and motion control.

Path Planning and Localization: This module plans the local and global path planning aspects of rover
navigation. This depends on the stereo images received from Navigation Cameras and data analysis
after the feature extraction process.

Navigation Module: This module simulates the rover autonomous navigation. This module decides
the navigation functionalities based on the path planning and localization information received by
path planning module. It makes decisions on path planning and autonomous navigation and control.
There will be frequent interactions between navigation and other modules.

3.3 Terrain Classification: The terrain image classification is carried out by applying various
processing methods and finally choosing the following algorithm for identifying navigable and
non-navigable regions in various kinds of terrains.

The algorithm for terrain classification is as follows.
1.Input the image

2.Convert the image to a gray scale image

3.Apply edge detection Sobel operator .

4.Convert the sobel edge detected image to binary image
5. fill the image using flood fill technique.

6.Dilate the image
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The fig.2 shows the images obtained using the above classification method.
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Fig.2 Flood filled image terrain classified image

User Interface: Our user interface can facilitate various operations which includes feature extracted

terrain region identification and different navigation algorithm implementation.

The current

graphical user interface is designed using GUIDE of Matlab interface. We can designate the goal
based on our science experiment findings.
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Fig 3. User interface for path planning of navigational terrain
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Autonomous Path Planning:

Autonomous path planning is one of the future requirements of interplanetary missions as
the ground personnel will not be able to see the three dimensional terrain features out to the more
distant goal location. The path planning method described here can by itself traverse by using the
image of navigation cameras, selecting the path through the terrain to the edge of effective stereo
range and continuing it till goal is achieved. Those images are converted to DEM images to get the
elevation and obstacle information during the traverse. In the present scenario, without
autonomous planning the procedure is carried out as follows.

1. Images of Lunar terrain received form Navigation cameras (Left & Right) to enable terrain
feature identification from the stereo images.

2. Generation of Digital Elevation Model on the ground to know the terrain topography.

3. Estimation of the obstacles heights & distances; terrain slope; turning angles and marking of
hazards so as to obtain a suitable navigable path.

4. Finding a suitable path (within 5/10 meters) such that the Rover wheels are able to negotiate
and climb the obstacles

5. Generate a similar terrain s/w model and graphically simulate the Rover mobility parameters
in order to ensure successful mobility / traversal. If need be Analog model also may be
attempted.

6. Ascertain all safety parameters meets the mobility requirement (slope, sunlight, Radio

Path 1
5/10 Mtrs

g

N

\ Pebble ht < 50mm
Pebble 1 —

Pebble 2

Fig.4 Navigation strategy without autonomous Navigation

communication to Lander).
7. Uplink commands to Lander craft for mobility & ascertain the same.
8. Uplink the command for Mobility Execution for the selected path.

Local path planning:

In local path planning techniques, sensor based path planner is used based on the tangent bug
algorithm. This algorithm is helpful for vehicles that have limits on sensor range, field of view and
processing. The two main operations in this method are motion-to-goal and boundary following
which can be converged globally. Tangent bug algorithm uses local elevation map to identify
obstacles in the sensed range of terrain. The graph is constructed in the direction of the goal if
there are no obstacles in the sensed region. If obstacles found, the path is followed through the
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tangential boundary of the obstacle. If there is no free path, stereo images are obtained to find out
most promising side of the terrain for traversal and the process is repeated till the goal is reached.
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Fig 5. Tangent Bug implementation in a 2D plane with obstacles.

In the above example we can see a obstacle in red along the path towards the goal. The green line is
the path chosen by the algorithm around the obstacle to reach the goal.

Localization: Localization is performed in order to correct errors that have accumulated in the rover
position during traverses. It is accomplished by imaging the terrain near the rover and comparing it
to a previously generated elevation map. Position estimate of the can be updated continuously to
compensate for errors caused by wheel slippage or rock bumping. In NASA pathfinder mission,
localization was performed manually using fixed position lander cameras, permitting operations only
within the stereo envelop of the lander.

3. Global Path Planning:

A* is a search algorithm that is widely used in path finding and graph traversal, the process of
plotting an efficiently traversable path between points, called nodes. Noted for its performance and
accuracy, it enjoys widespread use. As A* traverses the graph, it follows a path of the lowest known
cost, keeping a sorted priority queue of alternate path segments along the way. If, at any point, a
segment of the path being traversed has a higher cost than another encountered path segment, it
abandons the higher-cost path segment and traverses the lower-cost path segment instead. This
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process continues until the goal is reached. A* uses a best-first search and finds a least-cost path
from a given initial node to one goal node (out of one or more possible goals). It uses a distance-
plus-cost heuristic function (usually denoted f(x)) to determine the order in which the search visits
nodes in the tree. The distance-plus-cost heuristic is a sum of two functions:

Bhe path-cost function, which is the cost from the starting node to the current node (usually
denoted g(x))

@nd an admissible "heuristic estimate" of the distance to the goal (usually denoted h(x)).

The h(x) part of the f(x) function must be an admissible heuristic; that is, it must not overestimate
the distance to the goal. Thus, for an application like routing, h(x) might represent the straight-line
distance to the goal, since that is physically the smallest possible distance between any two points or
nodes.

If the heuristic h satisfies the additional condition h(x)<=d(x,y)+h(y) for every edge x, y of the graph
(where d denotes the length of that edge), then h is called monotone, or consistent. In such a case,
A* can be implemented more efficiently—roughly speaking, no node needs to be processed more
than once - and A* is equivalent to running Dijkstra's algorithm with the reduced cost:

d'(x,y):=d(x,y)-h(x)+h(y).

For improved performance, a better waypoint vote metric is needed; something that is more
accurate than Euclidean distance. A better metric can be produced by planning paths to the goal that
take into account all of the obstacles in the environment.

Typically, the environment will be only partially known to the rover, and thus complete information
regarding the obstacles will not be available. However, incorporating obstacle information that is
available into these global plans typically provides much better estimates than Euclidean distance,
and these estimates only improve in accuracy as more information is acquired during the rover’s
traverse.

Global Path planning, as a navigation approach, is concerned with using geometric information
about the world to formulate a path from the rover’s current location to some goal. A common
approach is to use a grid to store details about reachability within the environment and then plan a
path for the rover between nodes on the grid to move it from its current node to a specified goal
node. Any of the standard shortest path algorithms (Floyd and Dijkstra algorithms) can be used to
calculate the path to follow from the rover to a given goal by starting at the goal and attempting to
reach the goal. Note that in the case of Dijkstra’s algorithm computation can be stopped when the
rover’s node is reached—it is not necessary generate the complete single-source reachability
analysis of the graph.

Experimental results:

Fig 6 a. goal position(100,225) Fig 6 b.goal position(75,250)
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Fig 6¢c.goal position(130,90) Fig 6d. goal position (250, 180)

Fig 6g. goal position (260,200)

Table .Different Goal positions for the specified terrain results using A* global Path Planning.
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Start Position Goal Processing Time Path Length

In the Terrain

Example

(10,50) (75, 250) 2.605734e+001 2.478877e+002
(10,50) (100,225) 1.252965e+001 2.099763e+002
(10,50) (200,150) 1.484704e+001 2.431178e+002
(10,50) (250,150) 1.702784e+001 2.921678e+002
(10,50) (250,180) 2.659310e+001 3.090492e+002
(10,50) (130,190) 9.969869e+000 1.969567e+002
(10,50) (260,200) 2.466748e+001 3.333835e+002

Summary and conclusion:

This paper has provided an overview of new techniques developed to enhance the
functionality of autonomous rover navigation: feature extraction with morphing, path planning and
navigation using tangent bug and A* algorithm.

Autonomous rover navigation is an important technology for future missions of planetary
exploration mainly Mars and other faraway planets which require a significant level of rover
autonomy and the ability to handle unpredictable events. In this paper, we have described the
application of algorithms developed for motion planning in difficult or constrained environments, as
applied to the problem of rover navigation. We intend to continue developing the algorithms
described and referenced by this paper and apply them to the problem of rover navigation for
planetary exploration. Moreover future missions should accept higher goals from ground operators
and should be capable to handle it in dynamic and uncertain environments.
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