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Abstract This paper proposes a limited adaptive resolution grid map, which combines the regular grid
map with the adaptive grid map to supplement the disadvantages of two kinds of grid map. The
proposed method adds the adaptive resolution on the regular grid map by dividing each grid on a
low-resolution regular grid map based on the quadtree, then assigns a cost based on the given
environment for each grid, using the winding number and 2D Gaussian function. Path planning is the
problem of generating a minimum-cost path in a given environment. In particular, modeling the
environment appropriately is important for considering the quality and stability of the generated path
because path planning algorithms are highly influenced by environmental modeling. According to the
proposed method, when modeling an environment with a limited adaptive resolution grid map, the
environment can be represented efficiently with less memory than a grid map with a fixed high
resolution, and finer environments can be modeled near dangerous areas than an adaptive grid map.
Furthermore, higher quality and stability can be expected when generating paths with the A* algorithm

under the proposed environmental modeling.
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Fig. 1. Planning environment based on Mungyeong
(a) Given Mungyeong environment (b) Mungyeong
environment modelled on 10m*10m regular grid map.
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Fig. 2. Two Mungyeong traversability maps based on
slope in each grid.
(a) 10m*10m resolution grid (b) 25m*25m resolution grid
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Fig. 3. Two potential field maps with 100m*100m
resolution. Costs are assigned to grid cells
around obstacles, using the Gaussian
function based on the distance from the

boundary of the closest obstacle.
(a) uses 0.5 and (b) uses 2 as the standard deviation.
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Table 1. Path distance on different grid maps for
each case in meter

map case 1 case 2

Adaptive grid map 3877.6 3735.1
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Limited adaptive grid map 3421.3 3809.0
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Fig. 10. Planning time for each case on each grid
map in second. Blue bars and orange bars
represent case 1 and case 2, respectively.

Aibgriese pnd ieup Pazgralar gnd mp Lirnibad s plive prad magy

Fig. 11. The number of cells searched by A* for each
case on each grid map in second. Blue bars
and orange bars represent case 1 and case 2,
respectively.
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Table 2. Mean planning time on each grid map for
10 cases in second.

map Mean

Adaptive grid map 0.084
Regular grid map 0.024
Limited adaptive grid map 0.101

Fig. 12. Mean searched cell for each case on adaptive
grid map and limited adaptive grid map.

Table 3. Mean and standard deviation of distance
on an adaptive grid map and a limited
adaptive grid map for 10 cases in meter.
Each distance is subtracted by the
distance obtained from a regular grid map
for the corresponding case.

map Mean Std
Adaptive grid map 180.337 233.814
Limited adaptive grid map -3.377 14.304
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Fig. 13. Limited adaptive grid map with the new
obstacle setting.
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Table 4. Mean planning time on each grid map for
10 cases in second with the new setting

map Mean

Adaptive grid map 0.098
Regular grid map 0.024
Limited adaptive grid map 0.154

Table 5. Mean and standard deviation of distance
on an adaptive grid map and a limited
adaptive grid map for 10 cases in meter
with the new setting. Each distance is
subtracted by the distance obtained from
a regular grid map for the corresponding

case.
map Mean Std
Adaptive grid map 614.790 1095.907
Limited adaptive grid map 4.735 21.708
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Fig. 14. The number of grids for each grid map with
new condition.

4.3.5 OI2t0|E Ha}
o AAEE B4 mdEge] AT EE AgelA, 9%
¥ =S 71 AR 49T MEHg AL

ok ol

o} S AgelA ARHS A8 sd=et Ak 1
Aoz #AY 4 qr}. o] Holis BEE sk A
TS 6.25m*6.25me} 1.25m*1.25m=Z T3 F 1t
A& vug Aol
A3 s 7 AxHoA A =S 0]
W2 Hd 7ol wol& Holt}. ZF B4 oy
ol Eq. (O7IRteR o, HRelE Fo]7] s
Ftof 1& ¢} sHAT Hd ZolE ®ole A2,
Fig. 15004 Hol%, 7|& A-SH e &S 1
2 7 Y2 E =itk

AIRFE B2 T 7HA] WA 0B HY| TS =2
& A=t 718 TS Eole AT XY Zo]
ol W4lo] Qirt. ZF W4l ARHE TR 7]
AT g Fol HMA]L Fig 16914 Hol%, HoiE F4H
¥ ofg}t M4 S o AASHA EESHARE, HE2Y
9] o571 "asitt. wide] o ZolE &ole WAl
Table 60lA Hol%, =] AR&o] 714 Wt 3L,
Fig. 170114 Hol%, Algtd sjitzol s F+d3gt 33
ndlg 2 ofAHs] 7HsokAlRl AolE A A9 o2
F& Al sidETE AXA "ot &, AME WAl
AR Al 71 g 8 BEEE Ty X
Jog A5 4= itk o= AIjkE Hralo] ¥4 mEHd
Al 7H= F7HERL o] oltt

rr

my, EN

ne

oL

e

Fig. 15. Two adaptive grid maps with different
maximum depth.
(a) The maximum depth is set to 8.
maximum depth is set to 10.

(b) The

@ BECE

Fig. 16. Two limited adaptive grid maps with different
base resolution and same maximum depth, 3.

(a) The base resolution is set to 50m*50m. (b) The
base resolution is set to 10m*10m
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Fig. 17. Two limited adaptive grid maps with different
maximum depth and same base resolution
100m*100m..

(2) The maximum depth is set to 4.
maximum depth is set to 5.

(b) The

Table 6. Number of grids for each target highest
resolution on adaptive grid map and
limited adaptive grid map.

map 6.25m 1.25m

Adaptive grid map 4573 7720
Limited adaptive grid mapl 5787 71616
Limited adaptive grid map2 4124 5372
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