Finding Rectilinear(L,), Link Metric, and Combined Shortest Paths
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ABSTRACT

This paper presents new heuristic search algorithms for searching rectilinear(L,), link metric, and
combined shortest paths in the presence of orthogonal obstacles, The GMD{ Guided Minimum Delour) al-
gorithm combines the best features of maze-running algorithms and line-search algorithms. The LGMD
(Line-by- Line Guided Minimum Detour) algorithm is a modification of the GMD algorithm that improves
efficiency using line-by-line extensions. Qur GMD and LGMD algorithms always find a recuilinear
shortest path using the guided A" search method without constructing a connection graph that contains a
shortest path. The GMD and the LGMD algorithms can be implemented in O(m +eloge+ NlogN) and 0
(eloge+NlogN) time, respectively, and O(e+ N) space, where sz is the 1otal number of searched nodes,
e is the number of boundary sides of obstacles, and N is the lotal number of searched line Segments.
Based on the LGMD algorithm, we consider not only the problems of finding a link metric shortest path
in terms of the number of bends, but also the combined L, metric and link metric shortest path in terms
of the length and the number of bends.
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GMD (Guided Minimum Detour) ¥ 312]1&
algorithm GMD (s,1),
/1 *S<=" and "S=>" indicate addition to and taking-out ffom S, respectively //
1 ifs=ythenstop;
endtf,

2 NEWe<=mill, OLD«=s—s, COMPLETE<=null; dun=l}; // initializations //
3 while OLD is not empty do // QLD contains line segments to be extended //
4 OLD=u—v, / fiom OLD, aline segment u—»v is taken out //
5 SEARCH (u—v),
endwhile,
6 VWINEWempty then stop;  //no path from sto rexists /' endlf,
T dmd+1;, [lincrease d, alower bound of DL, by L //

8 OLD = NEW: NEW =null,
{iwhen OLD becomes empty, all tine segments in NEW are moved inio OLD,
then NEW is reset to empty//

9 poto3;

end GMD

proceduve SEARCH (u—v),
1 M DL[u—v]>d then NEW<=1i=sv.
1/ DL[u~3¥} is & detour length of P=(s—...—su—) //
2 elself vis a base node then
3 COMPLETE<—u—wv, I/ no more extensions for u—sv //
4 for each unvisited neighbor node w of'v do;,
5 create A NG SApTHent yw,
// stnee vis a base node, new line sagments from v to four possible
directions (north, south, sast, and west) are created //
ifw is 1 then stop; // a path from s to 1is found //
#lseal v—w makes a detour rau—v—w then
H wis an unvisited base node then change v—sw {0 v—rw',
else extend v—w to v—w'1mtil a visited node or an unvisited
base node is reached; // use don't change direction //
endif,
10 Hw'is an unvisited base node and [v—w? < [r—u| then
1 v—yw = DEL RD (rou—v—ow’,
1 detect a reducible detour, then anew  Eine segment s
retumed when it is detected by DEL, RD {/
12 update DL[v—sw];
13 SEARCH (v—w),
14 else return(}; // w'is a visited node //
endif,
cudif,
endf,
endfor,
15  eloeifu neighbor node w of v in direction u—»v is unvisited then
16 #fw = 1 then stop; // a path from # to 1 i= found //
17 else extend u—v 10 w—w; // use don't change direction /
18 SEARCH (u—w),
endif,
endif;
eudif,
endif,
19 return();
end SEARCH

LT - I -

procedure DEL_RD (r—su—v—w"), # deleting reducible detour if exists //
1 emanate an orthogonal line, I, from w' toward r—w until r—su is hit,

2 move UVtoward w— v until nio obstacles is intersected;

3 retarm(U)

end DEL_RD
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Shortest Lee[12] Hadlock[7) Soukup[23] GMD Performance (times)
S Fah ol ool #ol %ol wol "ol wol ol Lee Hadlock | Soukup
HNodes Portion | Nodw | Potion || Neds Partion Nodea Fotion _J| S GMD GMD
1 35 917 79% 313 27% 215 19% 79 % 113 3.9 27
2 36 1060 95% 566 51% 244 21% 53 5% 20.0 10.7 4.2
3 48 1079 96% 700 62% 323 29% 169 15% 6.4 4.1 19
4 53 1093 97% 673 60% 573 31% 152 13% 7.5 4.6 39
5 54 1067 94% 859 T4% 440 39% 202 18% 53 4.2 22
6 59 1101 96% 774 68% 387 34% 193 17% 5.7 4.0 2.0
7 67 942 83% 679 60% 511 45% 228 20% 4.2 3.0 2.3
g 71 921 84% 680 62% 609 56% 207 19% 4.4 33 29
9 72 1024 93% 531 48% 404 37% 225 20% 4.7 24 19
10 74 1070 96% 813 73% 812 73% 185 17% 5.6 4.3 4.3
11 78 1126 95% 823 T0% 836 71% 150 13% 7.3 54 55
12 150 1087 97% 966 86% 881 78% 265 24% 4.0 36 33
Average 66 1041 92% 698 62% 520 46% 176 16% 7.2 4.5 3.1
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24

(Fig. 8) Comparisons of the Experimental Results
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1 if 5=t then stop; endlf;

2  OPEN<s— 5, COMPLETE<ull,

3 while OPEY s not empty do

4

5

OPEN=—u—v, COMPLETE<—u—v,
SEARCH (u—v),
endwhile;
6 il OPEN is empty then stop, // no path from s to ¢ exists /

end LGMD

procedure SEARCH_L (u—v);
#/ Tet b be the set of nearest unvisited basc nodes from v in all possible
directions //

for each base node w'm b do;

—

2 if there is no miersections on v—»w’ then
create 8 line segment v—w',
3 if w’is ¢ then stop; // a path from 5 1o ¢ is found //
4 elself v—w’ makes a detour r—u-sv—w' then
5 if L{vow)<L(r—u)then
6 v=w' = DEL_RD (r—u-sv—w"),
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