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1. Context

Path Planning is a crucial task for autonomous systems. It exploits data
retrieved from different sensors fused together.

2. Goal

Two different path planning problems are presented:
A GPGPU based trajectory planner for autonomous car

« A path planner for solving the “door opening” problem in the context of
indoor robotics

3. GPGPU Based Trajectory Planner — Baseline

A common structure for a path planner is presented in Figure 1. It highlights
the interaction between the path planner itself and the external environment. A
trajectory planner works close to the vehicle controller. It provides low level
trajectories to follow. Because of its role it is subject to hard real time constraints.
Aim of this work is the time reduction for trajectory generation and the
maximization of the environment exploration. As baseline algorithm we choose a
sample based trajectory planner [1]. These types of algorithms generate feasible
trajectories in the control space of the vehicle and then check for the collision
avoidance. The algorithm generates and collects a set of trajectories in a tree
structure where each node represent a future possible state of the vehicle. A cost
function selects the best one. We used the CPU based algorithm as a baseline to
tune the algorithm parameters according to some metrics we defined:

« RMSE between the curve drawn by the vehicle and the trajectory to follow
* Reaction Time for starting a maneuver after an obstacle discovery
 Safety Distance measuring the minimum distance from the obstacle

- Occupancy Grid Maps
- Local Vehicle State (x,y,9,v)
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Figure 1: Path Planner architecture

4. GPGPU Based Trajectory Planner

The GPGPU version parallelly generates each node for each layer by applying

a breadth first strategy as shown in Figure 2. The node generation is split in two
phases: (1) Future state prediction and (2) Command generation to reach the
predicted position. Two different CUDA kernels take care of these different
phases. We accomplished a wider space exploration around the vehicle and a
time reduction for trajectories generation. This result is quantified in the Table 1.
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6 3 216 10 15 4 19 16 2 2 4
5 4 625 32 26 7 33 51 3 2 5
(6 4 1296 62 45 10 55 99 9 3 12 |
5 5 3125 156 77 14 8 250 11 4 15
4 6 4096 218 83 16 99 349 12 6 18
5 6 15625 781 218 44 262 1250 38 18 46

Table 1: Computation time comparison between CPU and GPGPU Algorithm. D is the tree degree,
H the tree height. T_1 is the tree generation time, T_2 the cost function computation.

The controller needs a new trajectory every 20 ms. To meet this constraint the
highlighted row represents the best parameters combination because memory
transfer time have to be added for the GPGPU version.

5. The Door Opening Problem*

One of the goal of the indoor robotics is to create robots that can help people
in their daily environment, improving the quality of life. In this context the robot
should be able to handle complex situation without human help. As
demonstrated by several published papers [2][3] to open a closed door is an
attractive problem and still far to be solved. It strictly depends on the robot type.
We used the Toyota HSR. Main contribute of this work is the design of a state
machine, in a ROS environment, able to manage pushing and pulling doors even
in an unknown environment. To understand the door type, after grasping, the
torque on the wrist sensor is monitored. For the handle and door recognition we
applied a deep learning approach using the state of the art SSD [4] deep network.
In order to do so we first created a handles and doors dataset. The approach is
described in Figure 3. The QR code below shows a brief video of the robot at
work.
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Figure 3: Door Opening High Level Approach
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