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Introduction: Lunar polar region exploration has 

begun due to the development of science and technolo-

gy. Some scientists expect that craters which are al-

ways shadowed at lunar polar region have water. If 

there is water at the lunar surface, it could be used for 

doing many missions such as building lunar base. 

National Aeronautics and Space Administration 

(NASA) Ames planned Resource Prospector (RP) mis-

sion to land a rover at the lunar polar region and to 

study materials below the lunar surface by drilling [1]. 

Also South Korea has recognized the importance of the 

lunar polar region and considered it as a proposed site 

of lunar exploration mission [2]. 

The major problem that makes rover’s path plan-

ning hard at the lunar polar region is a shadow. Due to 

the low altitude of the sun and roughness of lunar sur-

face, shadowed area is changing all the time. Because a 

lunar rover uses solar energy as its energy source, path 

planning of a rover should consider these conditions. 

But shadow area is deterministic so that rover path 

planning is possible. 

For the rover mission at the lunar polar region, sev-

eral rover planning researches has been done. Ref. 3 is 

a study about concepts of the lunar polar mission with 

rover [3]. Ref. 4 used xGDS(Exploration Ground Data 

System) for planning mission of observer and demon-

strated it [4]. Ref. 5 studied the path of rover which 

could gather lots of solar energy [5]. 

At a real mission, modifying the path of the rover 

during the mission is beneficial at some situations. 

Since the drilling mission is performed inside the dark 

crater, exploration of that crater could be stopped be-

cause of some geological problems. Also, results from 

drilling could change the order of priority of other cra-

ters. Due to changes in situations, path planning must 

be done newly. New information should travel through 

the space for new order and the rover should wait in a 

dark crater. NASA’s RP mission takes about 4-6 days 

so that waiting in the crater is waste of time and energy. 

Rover should install its own algorithm to calculate new 

path for itself. Also because of the low performance 

computer in rover, the algorithm should be light. In this 

research, Bellman-Ford with heuristic method is sug-

gested for rover to do path planning in its own in dy-

namic shadow situation. 

Methodology:  Bellman-Ford algorithm is used to 

solve single-source shortest-paths problem where each 

node is connected with both positive and negative 

weight edge [6][7]. In path optimization problem, pos-

sible area of path could be expressed in lattice as a 

node [8]. Graph of Bellman-Ford form could be solved 

by Dynamic Programming (DP) [7]. 

For fast calculation, heuristic methods are used. For 

the DP problem, decreasing the number of nodes 

makes the computation easier. For rough calculation, 

increasing the size of grid will lower computational 

effort but it will decrease performance of optimality. 

To decrease the number of nodes logically, nodes be-

tween departure and arrival crater is considered. In 

addition, nodes in craters are excluded because the 

crater area is shaded. In left image in figure 1, red zone 

is a calculated area for those reasons. 

Shadowed area changes with time so that it makes 

computation more complex. Since a rover will move to 

the target crater direction, passing time of each nodes 

could be estimated approximately. Like left image of 

figure 1, calculated region (red zone) is divide into 

several parts and shadow information is applied respec-

tively so that the problem become much simple alt-

hough changing shadow is considered 

For grid of path planning, regular hexagon is se-

lected as the shape of grids. Hexagon has more degree 

of freedom comparing to triangular or rectangular grid 

so that movement could be expressed more realistic [8]. 

In this grid, rover is assumed to move upper, upper-left 

or upper-right direction to make problem more simple. 

Like right image of figure 1, each grids are hexagonal 

shape and rover could move on to three directions. 

 

- equation 1 
 

Cost function of DP problem is like equation 1. 

(u,v) express the arc starting from node u to ended at 

node v and E(H) is a set of selected route H. Value (w) 

expresses cost about energy. If the area is shined, value 

is -1 and if area is shadowed, value is 1. Constant (a) 

express importance of arrival time comparing to gath-

ering electrical energy. If (a) value gets bigger, opti-

mized route will be a faster path. However, if (a) is 

small, optimized route will be to maximize the amount 

of solar energy. 
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Simulation Method:  To verify the method, simple 

simulation is done by using MATLAB R2016b. To 

make lunar polar shadow model, shadowed region is 

selected randomly. Scenario of path planning is about 

rover traveling from 20m radius crater to 30m radius 

crater that is 100m far away. Each grid has regular 

hexagon shape with 2m side length. 

Current Result: Figure 2, 3, 4 shows the result of 

the simple simulation. From each figure, bottom semi-

circle is the departure crater and top semicircle is the 

arrival crater. Area with circle means shadowed area 

and line consist of * is optimized rover path. Figure 2 

is a path of a=0 which is arrival time is not considered. 

Because time is not important, path is extended to get 

lots of energy. Figure 3 is a case of a=10 which is arri-

val time is much important than gathering (using) ener-

gy. Because of it, path is optimized to be direct path. 

Figure 4 shows a=2 which is a case between Figure 2 

and 3. Path is optimized to get lots of solar energy and 

fast path. 

Conclusion and Future Work: At lunar polar rov-

er mission, fast path modification is needed. Simple 

algorithm using Bellman-Ford with heuristic method is 

suggested and verified by simple simulation. For more 

realistic simulation, lunar Digital Elevation Model 

(DEM) or terrain model will be used for making realis-

tic shadowed region. Path planning algorithm will be 

verified with those models. Also path planning with 

more craters will be studied. 
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Figure 1. Simple concepts for solving problem 

 
Figure 2. Optimized path to maximize solar energy (a=0) 

 
Figure 3. Optimized path to arrive faster (a= 10) 

 
Figure 4. Optimized path of mixed situation (a=2) 

2844.pdfLunar and Planetary Science XLVIII (2017)


