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AEROARMS Perception Objectives

The main objective of the Perception is to provide the
needed perception functionalities to allow a reliable and
accurate localization of the aerial robot for grabbing and
manipulation.

Crawler
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Perception Objectives for Inspection and Maintenance

Navigation: To move fromthe /"~ |ocalization and Mapping: N

origin to destination without Create a global or local map
colliding with static and obtain the pose of the
and dynamic objects aerial robot

\_ /

Object tracking: Track the

object. for inspgctioq, driing, 4 Object/area identification: )
grasping, manipulation, etc. Idejn iy the obiects for -
Inspection, manipulation,
/Perception fusion: Use \\ landing, etc. P

multiple perception systems for

lra\zi:ctlon and maintenance Note: Work done by UPC and USE
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Global and Relative Mapping and Localization system

Bl < CAM
UAV precise localization,
crawler and pipe
PUCK detection
Marker Global and relative
detector localization of the UAV
and crawler in the
. Multisensor environment
<2 SLAM *

~ Mapping and global
- PL-SLAM 4’(”)_’ posﬁi%ning information
ﬁ Other: LOAM, VIO,
| WOLF...
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Multi-sensor Mapping (3D LIDAR, Stereo and ToF sensors)

LIDAR Stereo ToF sensors
il = — ZED stereo camera
X l I X"y I X I — ToF range sensors
Location estimation — UWB ToF sensors

Robot Lozakraton and map Generation

UDAR Map Sxeage

Intel NUC NUCG6I7TKYK2 i7

Jetson TX2

and Prelcad
Sensor Measurements Softwace Processing of i
ALQuasnon the Measurements
Velogyne LIDAR L 4

UWS and Range Sensors

—4—o4 Feature Exvracoon

Meight LIDAR

Cameta Images

"l UDAR-Based SLAM
o |  (RTAB-Mag)
2 ™
* 3
[ | L §
SN (nm
: Ringe Sensors t Loow [Visual Map Sioragel
i and Preload
4
v
Height Correction
Range Map Stocage
and Preload
B Sensor micemason
B Processed Sensor informanon
- Depth image : Oepth image
Generaton Correcton &-DoF Localzaton

Map nor=anon

Informanon for Loop Closing
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Global Localization and Mapping
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PL-SLAM for Local Positioning, Mapping and Pose Detection

Real-Time Monocular Visual SLAM with Points and Lines (UPC) ICRA17’
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UAV Localization, Crawler and Pipe Detection (cam, markers, puck)

8 < CAM UAV precise

localization,
n PUCK

crawler and pipe
Marker
detector

detection
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Re-localization using Deep Learning (DL)

Capturing Images + ground-truth Captured Images
Position

ERF2018 A. Sanfeliu
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Re-localization using DL

CNN Model:
Regression
(X,y,2)
II Quatermon

l J

Pool/2

Pool/2
Pool/2
Pool/2
Pool/2

mage

Pool/2

Y
\ J
! Regression
Image features head
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Re-localization using DL

CNN loss function:
| =—
Image

Image features

q + — * Ground truth

Regression
(X y, )

Pool/2

|

Pool/2

Pool/2
Pool/2
Pool/2

Pool/2

Quatermon
J

—

Regression
head
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Re-localization using DL

Dataset results: The estimated L2 emoris4,8cm

Ground Truth
Ldtmaled

Pose relocalization Test sequence

ERF2018 A. Sanfeliu
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Pipe Detection with LIDAR

Architectures
Increase Scan scan
e density F-fRoces Determine cylinder
Point Cloud
»| Scandoring | »{ SpetalFiedng | | SatstcalFerng | +| Vooslzation | »{ M9 SCCton
DMI W.r.t. World,
Unknown priors
Both
Required
Pre-process scan Determine cylinder
A Clod *| SeePeig |1 aedng "] Aot teachn
w.r.t.;w Optional,
computationally
' expensive
WP 16
Odometry
Optional input
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Pipe Detection and Localization

Current Pipeline
Reduces pointcloud size asap
Avoids resampling
Avoids dynamic priors:
Odometry not required
Minimize “tf” calls:
not required

Avoids heavy data sharing between
processes

4-fold avg. rate increase
0.75~1Hz vs 3.5~4.5Hz
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Pipe Detection and Localization

Multiple pipe discrimination
Parallel position
0.35 vs 0.5 m diameter

ERF2018 A. Sanfeliu
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Crawler Detection and Localization using DL

L = MSE(B, B*) 4+ BBCE(y, y*)

Features

< /' i Crawler in
"~ Image Probability

=

-~

£ r/ Hit Map

1| [ § Bounding Box
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Crawler Detection and Localization using DL

Currently improving the model with a mock dataset of planes detection

Towt
Test/reg et bb ——— Test/neg et bd Ao —— Testneg eaten bS heev/'| p—
e A W Jem B YRR GAT S0 n Y e LRl ] W 2 B0 DOOE AT OART S 100 (CET) e YA ot b BV 00R YAV M T o T
== ’
._‘-_‘
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match il
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! | M |
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B. Box first corner Current AP 0.93 B. Box second corner
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Aided Positioning System using Contact Tool

Provided relative position information of the UAV in contact with a surface.

On-board computers & control Aenal platform

Positioner

/ Outer loop i AT AR
| ! Inner loop 3 §
. : ] R ——— 1
I e ( ! ’ s | - N |
| [neference A ! ] -'\_“ Pud i {
' W . | p— X Asra Ratat |
l;':‘i 1™ \S_conrater ! :
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Aided Positioning System using Contact Tool

Provided relative position information of the UAV in contact with a surface.

ERF2018 A. Sanfeliu
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WOLF: A Versatile Framework for Localization and Mapping
Framework to deal with SLAM data management and

computations. In a general case, the user has to define and
program sensor-related code (observation model with Jacobians)

Libraries:
OpenCV, GPS-
tk, laser-utils, r
Filters:
EKF, EIF, MSKF,
GSF, PF, [..]
\
( )
ﬁ NLS optimizers:
QR, i-QR, Cholesky
Libraries:
Ceres, gt-SAM, g20]
\. J

control
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WOLF: IMU pre-Integration in S3 and SO3

KFO KF1 KF2  p: position

g: orientation (quaternion)
v: velocity

a,: Accelerometers biases
w,,: Gyros biases

B a,) LI Initial pose
// B Leg kinematic factor
=3 Wb .
/ o B: Zero-velocity factor
B IMU’s delta pre-integration factor
B Bias drift factor
Detailed factor graph for the initial Key Frame [l: Bias absolute factor
(KF) and two steps

Odometry based on auto-calibrating inertial measurement units attached to
the feet. Dinesh Atchuthan, Angel Santamaria-Navarro, Nicolas Mansard,
Olivier Stasse and Joan Sola. Accepted at ECC18 (Collaboration LAAS-CSIC)

ERF2018 A. Sanfeliu
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WOLF: Visual-Inertial Odometry using Multiple View Geometry

p: position
@ @ @ q: orientation (quaternion)
@ @ @ v: velocity

0 0 0 a,: Accelerometers biases
w,,: Gyros biases

(A
2 l 2 - l@ [ Initial pose
@ .‘é@é @ B Visual odometry factor
[l IMU’s delta pre-integration factor
B: Bias drift factor
Detailed factor graph for the initial Key Frame [l: Bias absolute factor

(KF) and two steps

Ongoing work:
 We combine IMU (delta pre-integration) with a Visual Odometry.
* Visual Odometry based on Trifocal tensor (Epipolar geometry)
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Object / Area |dentification
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Thank you
sanfeliu@iri.upc.edu
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