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New Path Planning Algorithm based on the Visibility Checking using a
Quad-tree on a Quantized Space, and its improvements

48 e, Zof A
(Jungtae Kim and Daijin Kim)

Abstract: In this paper, we introduce a new path planning algorithm which combines the merits of a visibility graph algorithm and
an adaptive cell decomposition. We quantize a given map with empty cells, blocked cells, and mixed cells, then find the optimal path
on the quantized map using a visibility graph algorithm. For reducing the number of the quantized cells we use the quad-tree
technique which is used in an adaptive cell decomposition, and for improving the performance of the visibility checking in making a
visibility graph we propose a new visibility checking method which uses the property of the quad-tree instead of the well-known
rotational sweep-line algorithm. For the more efficient visibility checking, we propose two additional improvements for our
suggested method. Both of them are used for reducing the visited cells in the quad-tree. The experiments for a performance
comparison of our algorithm with other well-known algorithms show that our proposed method is superior to others.
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(d) Adaptive cell decomposition.
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Fig. 1. Path planning algorithms.
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Fig. 2. Speed up by reducing the empty nodes. White circles
indicate empty cells, gray squares indicate blocked cells, and
gray circles indicates the mixture of them.
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Fig. 3. Find the common node of a node containing pl and a node
containing p2, check the visibility for them.
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Fig. 4. Speed up by calculating the angle of pl and p2, and
comparing the four angles of the cell from pl.
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Table 1. Time comparison among algorithms.

TS| FL GCD ACD MQVG
1 3338 128 0.17
2%2° 2 20.63 1.84 0.17
3 18.02 301 0.62
1 144832 332 021
2626 2 111559 1591 0.53
3 1139.20 3446 578
1 ? 5645 0.64
2%’ 2 ? 155.00 4.54
3 ? 501.18 56.40
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Table 2. Average visits for visibility checking,

g | FZE | MQVG | MQVGvVl | MQVGW2

1 14 44 3

2’x2° 2 9 9% 5
3 102 102 6
1 68 68 4

2%2° 2 193 193 7
3 219 219 7
1 180 180 6

2'x27 2 380 380 8
3 556 556 10

E 3 ¢uE AlRKE) Bl
Table 3. Time comparison among algorithms.
IS | B | MQVG | MQVGY] | MQVG W2

1 0.17 0.16 0.16

2x2° 2 017 0.17 0.15
3 062 0.57 0.46
t 021 0.19 0.19

2%2° 2 0.3 044 030
3 578 421 233
1 0.64 033 027

2’x2’ 2 454 232 1.12
3 5640 30.57 1137
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