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—
N The H2020 ROBUST Project

D,
M

EU funded project under

<® the Horizon 2020 program

ad

Aims to develop an
underwater

Vehicle Manipulator System
(UVMS) capable of
autonomously scanning a large
area and performing in-situ
material identification using
the Laser Induced Breakdown
Spectroscopy (LIBS), focusing
on a use case of manganese
nodule fields exploration
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The ROBUST Consortium
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The Envisioned Mission

ROBUST
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Most promising zone fo be scanned
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Vision based identification Alignment to nodule
of potential nodules
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The Envisioned Mission

ROBUST

3D nodule reconstruction through Landing and intervention
Laser scanning
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—
W) The ROBUST UVMS: Vehicle

Each AUV body has 2 vertical
thrusters, 2 lateral thrusters
and one main thruster
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—
N The ROBUST UVMS: Manipulator

) |
() 7 DOF electrical arm

<

Y The end-effector carries
the LIBS head

Marker on the end-
effector for extrinsic
camera calibration
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The ROBUST UVMS: Perception HW

- Nvidia Jetson TX2

- PC 104

- Stereo Visual System
- 2X Prosilica GC1380

- Laser Scanner System
- PhotonFocus 3DO03

- Laser + Motorized Mirror
- PC 104
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The Control Architecture
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ROBUST

The KCL is in charge of executing an action
* Land in front of nodule
» Perform survey

= Move LIBS in position for measurement
= Eftc.

It handles constraints:

= Minimum altitude from seafloor while doing survey
= Arm joints limits when moving the manipulator

= Eftc.
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—
W) The Control Architecture

D
(M) The KCL is based on a task priority approach [1]

<9 An action is a prioritized list of control objectives and
associated tasks to be concurrently managed.
Control objectives in order of importance:
1. objectives related to physical constraints
2. objectives related to the safety of the system
3. objectives that are a prerequisite for the
execution of the mission
. action-defining objectives
. optimization objectives

o,

[1] Simetti, E., Casalino, G., Wanderlingh, F., & Aicardi, M. (2018). Task priority control of underwater intervention
systems: Theory and applications. Ocean Engineering, 164, 40-54.
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Control Actions

. Vehicle minimum altitude;
. Vehicle horizontal attitude;
. Vehicle position (x, y and
depth);
4. Vehicle heading aligned to
velocity vector.

|—
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(1) Safe Waypoint Navigation
|

<V

Y s

Landing Action
1. Vehicle horizontal attitude;
2. Nodule centered in the
camera frame;
3. Vehicle altitude.

Control and Perception Framework for Deep Sea Mining Exploration

Path Following Action
1. Vehicle minimum altitude;
2. Vehicle horizontal attitude;
3. Path Following;
4. Vehicle heading aligned to
velocity vector.

Fixed based manipulation Action
1. Vehicle constrained velocity;
2. Arm joint limits;

3. Arm obstacle avoidance
(against the vehicle frame);

4. Arm manipulability;

5. End-effector position control;

6. End-effector orientation
aligned to approach
direction;

7. Arm preferred shape.
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Preliminary Experiments @ Pool
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(N Poster Localization

) Registration on the poster provides absolute
localization of the vehicle

robust_poster_localization_demo.rviz* - RViz

File Panels Help

&’] Interact %3 Move Camera i Focus Camera 0 Measure # 2D Pose Estimate / 2D Nav Goal 9 Publish Point P
1 pisplays

»  Status: Ok
Image Topic /poster_detector/debug_i...
Transport Hint compressed
Queue Size 2
Unreliable

I # Pose v
v  Status: Ok
v/ Topic 253 messages received
v/ Transform [... Transform OK

Topic /poster_detector/poster_p...
Unreliable
Shape Axes
Axes Length 1
Axes Radius 0,1

wl Polygon v

» v Status: Ok
Topic /publish_poster_poly/output
Unreliable
Color [l 25; 255; 0
Alpha 1

& 1mage v

» v Status: Ok
Image Topic /stereo/left/image_color
Queue Size 2

Unreliable

Transport Hint
Preferred method of sending images.

Add

= image

Image | Views

(© Time

ROS Time: | 1550656981.40 ROS Elapsed: |267.50 Wall Time: 1550656981.43

Wall Elapsed: 267.44 Experimentz:

Reset 30
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W) Yolo Based Nodule Detection

DarkNet YOLO network trained on a single class
(nodule)

Obtained weights are used in a ROS module, and
detections are performed at 4 fps on the Jetson TX2

robust_poster_localization_demo.rviz* - RViz

File Panels Help

interact | “P Move Camera 1 Select Focus Camera Measure 2D Pose Estimate 20 NavGoal @ Publish Point .
B3 Displays 2@ Image
® PointStamped -
v v Status: Ok
v/ Topic 1206 messages received
v Transform [sender=unknown... Transform OK
Topic /nodule_detection_to_poster/nodule_point
Unreliable
Color W 255, 0,0
Alpha 1
Radius 0,1
History Length 1
& 1mag v
» v Status: Ok =
Add
@ Image

»® Views
Type: Orbit (rviz) - Zero
~ Current View

Near Clip Distance
Invert Z Axis

@ Image

Foc Size
Focal Shape Fixed Size

Yaw 4,12779
pitch 0,554601
» Focal Point 1.7846; 6.151; -0.47315
Save Remove Rename
© Time
ROS Time: |1550666009.90 ROS Elapsed: 246.52 Wall Time:  1550666009.93 Wall Elapsed: 246.43 Experimental
Reset 31 fps
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UM Landing and Sampling

D
(M) The sampling of the nodule is performed by:

<® - Once detected, nodule is tracked and the vehicle
Yy lands keeping it in the camera center
- A laser scanning on the nodule is performed creating
a dense representation of the scene as a point cloud
- A point in the nodule is computed and an approaching
position is provided to the arm
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Scanning and Sampling Sequence

robust_sample_nodule_demo
File Panels Help

Hl] Interact ™ Move Camera [ ] select Focus Camera Measure * 2D Pose Estimate ¥ 2D Nav Goa! § Publish Point i -

ROBUST

£ Displays Q Image
» v Status: Ok -
Image Topic Istereofleft/image_color
Transport Hint theora
Queue Size 2
Unreliable
PointCloud2 v
» v Status: Ok
Topic /13s_scan/point_cloud
Unreliable
Selectable v
Style Flat Squares
Size (m) 0.001
Alpha 1
Decay Time 0
Position Transformer XYz
Color Transformer AxisColor
Queue Size 10
Axis z
Autocompute Value Bounds v
se Fixed Frame v
@® PointStamped v
» Status: Ok
Topic /sample_nodule/sample_point
Unreliable
Color W 255:0.0
Alpha 1 @ Views
Radius 0.05 Type: | Orbit (rviz) - Zero
History Length 1
PointCloud2 71 ~ Current View Orbit (rviz)
> stts: o
Topic /sample_noduleflargest_cluster Target Frame <Fixed Frame>
Unreliable Distance 0,927397
Selectable v Focal Shape Size 0,05
Style Flat Squares zuuil Shape Fixed Size 5‘/3109
\ aw N
Size {m) 0.01 pitch 0754796
Alpha 1 » Focal Point 0.060793; -0.0046163; 0.93811
Decay Time 0
Position Transformer XYZ
Color Transformer FlatColor
Queue Size 10
Color @o: 2550
PointCloud2 v -
PointCloud2
Displays a point cloud from a sensor_msgs::PointCloud2 message as
points in the world, drawn as points, billboards, or cubes. More
Add Duplicate Remove Rename Save Remove Rename
@ Time
ROS Time: 1550674171.39 ROS Elapsed: 8408.01 Wall Time: 1550674171.40 Wall Elapsed: 8407.95 Experimental
Reset 23 fps
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U Sea Trials: Inspection

D,
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(N Conclusions

D,

(M) Control framework based on a task priority approach
<® - Allows to easily create different complex behaviours
Y - Task implementation is quite generic and can be
reused for different setup

Perception framework

- Allows identification of nodules based on DL (YOLO
network) and subsequent tracking

- Runs in real time on the embedded CPU boards

- Both the laser reconstruction of the nodule or a
simpler stereo camera computation can be used for
driving the LIBS sensor over the nodule
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