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Navigation2 Overview
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Nav2 API

* The goal of the Nav2 Simple (Python3) Commander is to provide
a "navigation as a library” capability to Python3 users

* Nav2 provides an API that handles all the ROS 2 and Action
Server tasks for us such that we can focus on building an
application leveraging the capabilities of Nav2

* Nav2 also provides use with demos and examples of APl usage
to build common basic capabilities in autonomous mobile robots

* We can use three types of APlIs
* Commander API: 7| 28 2l navigation API Al
* Costmap API: costmap 2dE <2+ API K|S
* Footprint Collision Checker API: &= EfX| ZHH API N &



Nav2 — Commander API

Functions Description
- Localization(AMCL/SLAM)O| 22| 7| XM E &&=, & frame_id="map'?!
setlnitialPose(initial_pose: PoseStamped) PoseStampedE &€ &.
- Dok Q[ SLAM (0f: SLAM Toolbox)E EE3ICIH, £7|3 LR Qi 8.
- Nav27t 2tH35| onlinO| &1, lifecycle nodes?t =5 active stateZt & [I7HX]
waitUntiNav2Active( navigator="bt_navigator’, localizer="amcl’) 7|ChEl
- Db Q& Jocalizer (Of: SLAM Toolbox)E AHESHCIH, localizerE A 7d 56 OF 3t
getPath(start: PoseStamped, goal: PoseStamped, planner_id: |- start © goal AtO|2| nav_msgs/PathS ot & 7| Ats|i A Hizt
str =", use_start: bool = False) - planner_id2 £7 E2iHE MEE = UZ.
smoothPath(path: Path, smoother_id: str =", max_duration: float|- ZF0{%l Path& smoother plugin@ 2 FEEHA 274,
= 2.0, check_for_collision: bool = False) - QA Z= HAk ts.
. , e - StLte| S H poseZ O|&5t2t Nav20f| 24,
goToPose(pose: PoseStamped, behavior_tree: str =") _ H|=7] 322t HF2 return E| 7, 713 AFES Ofaf SIS 2 B0l
isTaskComplete(task: RunningTask = RunningTask.NONE) -> |- Xl navigation task7} %2 ™ True, 213 SO|™ False EHet,
bool - el R RHOE BO| AE.

- T3l FQl task®| action feedbacks Hhat.

getFeedback(task: RunningTask = RunningTask.NONE) - navigation_duration, 22 72| SO EtQOLR/AE HAT [ AL,

cancelTask(task: RunningTask = RunningTask.NONE) - X A FSQl navigation taskE F . (5 task IDE 2 =& U

ojo

)

- S8 2 2T Z dist (HE
getResult(task: RunningTask = RunningTask.NONE) task EE 2T resuttS (£ TaskResul).

hitps:/idocs. nav2.org/commander_apilind2Y HaRREP | CANCELED/ FALED 2} H| adiA] £7] 2.
http . ARG L




Nav2 — Commander API

from nav2_simple_commander. import BasicNavigator
import rclpy

rclpy. ()
nav = BasicNavigator()

nav. (init_pose) Localization2| Z=7| K| X8
navigator. (localizer='controller_server') Nav2”} onlineO| E|Z 7|C}&l

path = nav. (init_pose, goal_pose) 4= dtst
smoothed_path = nav. (path) FEER B2 dd

hav. (goal_pose) SMX|7HX] O]l HAH
while not nav. : Navigation task”| t= & [ 7}X| 7|CHE
feedback = nav.
if feedback.
nav. ()

result = nav. ()

i1f result == TaskResult.
print('Goal succeeded!')

elif result == TaskResult.
print('Goal was canceled!')

elif result == TaskResult.
print('Goal failed!')




Nav2 — Costmap API

Functions

Description

PyCostmap2D(occupancy_map: nav_msgs.msg.OccupancyGrid)

OccupancyGrid HA|X| 25 E PyCostmap2D 24X ‘4. LHE 0]l costmap HIO|E, sHi4 =, origin,
frame_id, timestamp S X‘P“

getSizelnCellsX() -> int

|:|Ho| X Hf I:II-'c'>'|= A-II 7H_J|\_( ceII

getSizelnCellsY() -> int

ol v we A (&0, cell cf%)% =)

H — [y
getSizelnMetersX() -> float Dol x HisF 37| O|E CHRI2 B3t (size_x * resolution)
getSizelnMetersY() -> float ™ol v 2t 37| 2 O|H Tt = Hiet
getOriginX() -> float Y ZHEAHOAM O origin X [m]. (OccupancyGrid origin.x)
getOriginY() -> float HE ZBEA M BO| origin Y [m].
getResolution() -> float ™ = [m/cell.

getGlobalFramelD() -> str

O| costmapO| EH L= MY frame ID (C: "map”, "odom").

getCostmapTimestamp() -> builtin_interfaces.msg.Time

costmapO| gl AIZ{(EtRARI) et

[ I_|_

getindex(mx: int, my: int) -> int

map ZtE (mx, my)E 1D QHAZ H3E (index = my * size_x + mx HEf)

getCostXY(mx: int, my: int) -> np.uint8

W IHE (mx, my)df| i EStE 2o HIE(cost)2 BHEt,

getCostldx(index: int) -> np.uint8

1D QA E Mol H[EZ Ptet getCostXY LI UM E ALE.

setCost(mx: int, my: int, cost: np.uint8) -> None

[m]

& IE (mx, my)d| sigol= 2o v ES 28 HLH OHE/2HZ O AL 7ts.

mapToWorld(mx: int, my: int) -> tuple[float, float] W EH (mx, my)E = ZHE (wx, wy) [m]E HZF (origin + index * resolution)
worldToMap(wx: float, wy: float) -> tuple[int, int] 2E IHE (wx, wy)E W ZHE (mx, my)Z HEH (Y 50| ™ of Ql/02f = X a|).

https://docs.nav2.org/commander_api/index.html#costmap-api




Nav2 — Costmap API

from nav2_simple_commander. import BasicNavigator
from nav2_simple_commander. import PyCostmap2D

nav = BasicNavigator()
nav. ()

global_costmap_msg = nav. Get global costmap (msgs/msg/OccupancyGrid)

cm = PyCostmap2D(global_costmap_msqg) Wrapping with PyCostmap2D

mx, my = cm. ( ) ) Costmap & Z}
cost = cm. (mx, my) Sl e ZHE 2| cost

https://docs.nav2.org/commander_api/index.html#costmap-api



Nav2 — Footprint Collision Checker API

Functions

footprintCost(footprint: Polygon)

Description
Z0{ % footprint(CtZte)2 x| costmap M 5= R E dAL
footprint2| 25X ¢l Zt& A (0[0] Fol = -?—lxl)oﬂ*‘l Hl%% ALkt

float = 0.5)

lineCost(x0: float, x1: float, yO: float, y1: float, step_size:

A (x0, yO) (x1, y1) AtO|2| &M 2 Y 7t (step_size) 22 MEESIO ZF X[F 0| A
% cost)= At
7t LETHAL(254) &4 Al SA| S =2 72t

=
e
=
S
=
S

worldToMapValidated(wx: float, wy: float) -> tuple[int,
int] or None

C xtg (wx wy)E map ZE (mx, my)2 Bzt ZE}
TR BAHL costmapO| OtE] AE E[X| RUUALCIH (None, None)= et

pointCost(x: int, y: int) -> int

W EE (x, y) HIKXI2| costmap & 22 ©Fe (O: 0=Free, 254=Lethal Obstacle &).

S5 HAME 8T 7|F costmap(PyCostmap2D)= X| .
. = T = T o= L Yy p
setCostmap(costmap: PyCostmap2D) MASIK| SO CIE HME S= A| QE HHAY
footprintCostAtPose(x: float, y: float, theta: float, E8 EX (x y, )0 2& footprintE 2| A O|sA|FA HiX|ot &, 21 Z=0|X 2 footprint
footprint: Polygon) = Hl&2 ALt

https://docs.nav2.org/commander_api/index.html#footprint-collision-checker-api




Nav2 — Footprint Collision Checker API

from nav2_simple_commander. import BasicNavigator

from nav2_simple_commander. import PyCostmap2D

from nav2_simple_commander. import FootprintCollisionChecker
from geometry_msgs. import Polygon, Point32

navigator = BasicNavigator()
navigator. ()

global_cm_msg = navigator. ()
global_cm = PyCostmap2D(global_cm_msg)

checker = FootprintCollisionChecker() FootprintCollisionCheckerd| costmap 473
checker. (global_cm)

footprint = Polygon() Robot footprint Z2| (Of: 2| At H)
footprint. = [

Point32(x= , Y=

Point32(x= E

Point32(x= ES

Point32(x= y Y

Point32(x= E
]

X, y, theta = EH™ XYM =0
cost = checker. (x, y, theta, footprint)

if cost >= :
print("Collision! (lethal)")
else:
print("Safe!, Max cost =

, cost)




Navigation2 - Check World Coordinate

* The Publish Point tool allows you to click on a point on the map, and
have the coordinates of that point published to the /clicked_point
topic:

$ ros2 topic echo /clicked_point

10



Navigation2 - nav_to_pose.py

import rclpy
fromturtlebot4 navigation.turtlebot4 navigatorimport TurtleBot4Directions, TurtleBot4Navigator

def main():
rclpy.init()

navigator = TurtleBot4Navigator()

# Setinitial pose

# initial_pose = navigator.getPoseStamped([0.0, 0.0], TurtleBot4Directions.NORTH)
# navigator.setinitialPose(initial_pose)

# Wait for Nav2
navigator.waitUntilNav2Active(localizer="'controller_server")

# Setgoal poses
goal_pose =navigator.getPoseStamped([-13.0, 9.0], TurtleBot4Directions.EAST)

# Go to each goal pose
navigator.startToPose(goal_pose)

rclpy.shutdown()

if  _name_ ==' main__ "
main()

11



Navigation2 - nav_through_poses.py

import rclpy
fromturtlebot4 navigation.turtlebot4 _navigatorimport TurtleBot4Directions, TurtleBot4Navigator

def main():
rclpy.init()

navigator = TurtleBot4Navigator()

# Wait for Nav2
navigator.waitUntilNav2Active(localizer="controller_server’)

# Setgoal poses

goal_pose =[]

goal_pose.append(navigator.getPose Stamped([-3.0, 0.0], TurtleBot4Directions.EAST))
goal_pose.append(navigator.getPose Stamped([-3.0, -3.0], TurtleBot4Directions.NORTH))

goal _pose.append(navigator.getPose Stamped([3.0,-3.0], TurtleBot4Directions.NORTH_WEST))
goal_pose.append(navigator.getPose Stamped([9.0,-1.0], TurtleBot4Directions.WEST))
goal_pose.append(navigator.getPose Stamped([9.0, 1.0], TurtleBot4Directions.SOUTH))
goal_pose.append(navigator.getPose Stamped([-1.0, 1.0], TurtleBot4Directions.EAST))

# Navigate through poses
navigator.startThroughPoses(goal _pose)

rclpy.shutdown()

if _ _name_ ==' main__ "

main() 12




