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High—-Definition Map-based Local Path Planning for
Dynamic and Static Obstacle Avoidance
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Abstract: Unlike a typical small-sized robot navigating in a free space, an autonomous vehicle has to
travel in a designated road which has lanes to follow and traffic rules to obey. High-Definition (HD)
maps, which include road markings, traffic signs, and traffic lights with high location accuracy, can
help an autonomous vehicle avoid the need to detect such challenging road surroundings. With space
constraints and a pre-built HD map, a new type of path planning algorithm can be conceived as a
substitute for conventional grid-based path planning algorithms, which require substantial planning
time to cover large-scale free space. In this paper, we propose an obstacle-avoiding, cost-based
planning algorithm in a continuous space that aims to pursue a globally-planned path with the help of
HD map information. Experimentally, the proposed algorithm is shown to outperform other
state-of-the-art path planning algorithms in terms of computation complexity in a typical urban road
setting, thereby achieving real-time performance and safe avoidance of obstacles.
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[Fig. 1] Overview of cost-based spline path planning algorithm
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[Fig. 2] Comparison between the interpolated curve and the
fitted curve based on sample data points
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[Fig. 3] Conversion from the Cartesian coordinates to curvilinear
coordinates

[Algorithm 1] Signed lateral distance from center line

1. Input: arc length on the center line s, closest distance from a
vehicle to center line ¢, vehicle position in the Cartesian
coordinates (z, y,)

2. Compute z(s,), y(s,) from equation (1) where 5, <s, <,

3. Compute z(s,+As), y(s,+As) from equation (1) where
As L (s;,,—8;)

4. Compute
Ar=z(s,+As)—x(s,),

Ay=y(s,+24s)—y(sy),

Ay

Ay

5. if Ax>0 && Ay>0 or Ax >0 && Ay <0, i.e. first or

fourth quadrant then

if y, — (sn) <m, (:rU (so)) then
return negative distance — %

my =

else
return positive distance + g,
10. else, i.e. second or third quadrant

11. if y, — (so) <m, (:ro (so)) then
12. return positive distance + ¢,
13. else

14. return negative distance — g,
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[Fig. 4] Path candidate generation with respect to the global path.
(a) Generated paths for different lateral offsets, (b) boundary
conditions for path generation
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[Fig. 5] Avoidance problems and solutions to an exceptional
occasion. (a) No available paths (solid), (b) available paths (dashed)
for avoiding the first obstacle, (c) available paths (dashed) for
avoiding the second obstacle
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[Algorithm 2] Arc-length determination for obstacle avoidance

1. Input: obj = (obj,, oby,, .., obj,, ) € Obj,
i=1{}

2. Output: arc length As for path generation
Condition:
st = 2

4 for each obj, = Obj

5 if Avoid(obj;)==1 then

6. Compute As | =s . —s,.

7 if As | >0 then

8 Insert As | into &

9 if § is empty then

10. Return As_,

1L else

12. Find minimum arc-length-distanced obstacle

Sops = TN (8)
13. Return As =min {As ,, As, . }
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[Fig. 7] Static obstacle avoidance. (a) Trajectory of the ego vehicle avoiding three static obstacles, (b) the speed of the ego vehicle, (c)

the acceleration of the ego vehicle
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[Fig. 8] Avoidance of two closely-located obstacles. (a) The moment of avoidance that addresses the problem shown in [Fig. 5], (b)
trajectory of avoidance, (c) the speed of the ego vehicle, (d) the acceleration of the ego vehicle
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[Table 2] Parameter values for dynamic obstacle avoidance
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[Fig. 9] The result of following and cutting in front of a dynamic
object. (a) The simulation setting in which the ego vehicle,
travelling at 7 m/s initially, is located astray from the global path,
and a dynamic object is approaching towards the ego vehicle on
the global path, (b) cutting in front of the obstacle travelling at 10
m/s, (c) travelling alongside the obstacle moving at 13.889 m/s,
(d) following the obstacle travelling at 20 my/s, (e) following the
obstacle travelling at 13.889 mv/s to make a turn
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[Fig. 10] Static and dynamic obstacle avoidance simultaneously. (a)
The moment at which the ego vehicle selects a local path that avoids
the static obstacle and follows the dynamic obstacle with the given
minimum acceleration value, (b) the result of successful avoidance
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[Table 3] Vehicle specification and parameters
Parameter Definition Value
| i Maximum lateral acceleration 5.0 m/s>
Yong, Maximum longitudinal acceleration 1.0 m/s®
Qg Minimum longitudinal acceleration -3.0 /s
Uy Maximum speed 50 km/h

[Table 4] Computation time for the proposed algorithm

Path length | Path generation| Path selection | Execution time
(m) (ms) (ms) (ms)
10 46 4 50
30 83 11 94
50 129 39 168

[Table 5] Computation time comparison among the proposed
algorithm and other state-of-the-art algorithms with and without
lanes and curbs, namely static obstacles

Computation time (ms)
DWA! (w/o) 1
Frenét!'” (w/o) 51
Proposed (w/o) 43
DWA (w/) 130
Frenét (w/) 104
Proposed (w/) 56
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