Fachhochschule Graubiinden
University of Applied Sciences

FH
GR

72\ |
@l JOTONICS S

Innovation
Booster

powered by
Innosuisse

OST

Ostschweizer
Fachhochschule

Smart sensing - the key to successful

use of robotics in agriculture
Sensing in unforgiving environments

Dejan Seatovié

Intelllgent Systems Group



2

Our problem:

Smart sensing - the key to successful use of robotics in agriculture

Challenge 1:

Fly autonomously over a meadow and map it in
the highest resolution possible. UAV should fly
as high as possible

Challenge 2:

Detect and localise weed in the meadow in 5
mm accuracy.

Challenge 3:

Detect the root position of a weed for treatment.
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“| sense something; a presence | have not felt since...”

« Sensing in an outdoor environment is as challenging as it can be:
- The exposure of the robot(s) and sensor(s) to the elements is inevitable

Everything “disturbs” observations and suppresses the use of straightforward algorithms. Environment
changes during the season and session and affects sensors in many ways

- The farming environment is highly dynamic and in many ways chaotic: Robots and sensors are moving,
and objects are dynamic too (flora and fauna)

« Three major problems must be solved:
- Weed detection, precisely data annotation problem (20 — 30 kimages should be annotated and verified)
Localise detected plants in 1-3 cm accuracy

Extract root location for hot water treatment

* ... and, all data must be processed in real-time.
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Facts about UAV

 UAV:
RTK GNSS system
48 Mpix Zenmuse P1 RGB camera

Inertial system for sensor orientation

« System flaws:

RTK corrections loss, cycle slips

IMU drift, up to five degrees deviations in yaw o
and pitch angles 4o
Low image sensor dynamics f‘ﬁ%f
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Orientation Analysis Using Metashape: Bildacher
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Orientation Analysis Using Metashape: Bildacher
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Orientation Analysis Using Metashape: Bildacher
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0 correct IMU drift.

......

UAV has no possibility t

LB { oe = A
L ° 1 * 2

&

' F:z' e :W A ‘é ‘J&
Forward Backward
IMU error and it's
effect on flight path
and stripe orientation
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Bundle adjustment solves the problem

 Using tie points on the ground optimal orientation is computed (low a-priori accuracy for RPY
angles is changed during session processing)

« RTK accuracy obtained by receiver is not changed

« The adjustment compensates the orientation errors caused by low accuracy of an IMU

« Good bye real-time: High accuracy bites the real-time information service!

iteration=1999; camera_distance=2.382e-05

iteration= 0; camera_distance=2.610e+01

Estimated cameras

Estimated cameras
GT cameras

GT cameras
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Results

Localisation and Mapping
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Variations on the ground introduce additional errors
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Variations on the ground introduce additional errors
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Perfect meadow map can be created and prowded to a user

Image “stitching” is almost perfect
Seamlines are almost invisible In
orthomosaic

On steep and variable field bundle
adjustment will still produce best
maps than any other approach

14 | Smart sensing - the key to successful use of robotics in agriculture 0 Agroscope fenaco \"’ Oos-r slln"se w upc

HUAWEI



Demo

Data Export to QGis

@ *HerrenpuentDemo — QGIS

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

DNERRRY O¢2LHI OB e tUOR &0 &%
BE% AR AW 2+

BR@V.Z2WmEBEW

Browser
YR g )
" Favorites
» [V Spatial Bookmarks
4 B] Project Home
> @ Home
4 D C:\ (System10)
» D D:\ (Extreme SSD)
» [ F:\ (SEDEExtreme)
@ GeoPackage
£ spatialite

' PostgreSQL

a®

& Qe T AL

A L@ﬂ InferenceData
v/ @ rumex_clusters
v ® raw_detection_results
v[" | rumex_probability
camera footprints
> L@ SinglePhotos
¥ ? DII_20230616182957_0161
[l Bend 1 (Red)
- Band 2 (Green)
[l Band 3 (Blue)
- v = DJI_20230616183003_0164
I Band 1 (Red)
Vertex Editor

<

]
e

Right dlick on an editable feature to show its table of vertices.

When a feature is bound to this panel, dragging a rectangle to select vertices
on the canvas will only select those of the bound feature.

Q_ Type to locate (Ctrl+K)

SAP HANA =

“=

Log Messages

Python warning X Plugins X General X

Package Data Path: C:/PROGRA~1/QGIS/apps/agis-ltr/.
Active Theme Name: default

Active Theme Path: C:/PROGRA~1/QGIS, jis-Itr/./resources/th \icons/
Default Theme Patl images/themes/default/

SVG Search Paths: C:/PROGRA~1/QGIS32~1.7/apps/qgis-Itr/./sva/

C:/Users/Dej: i GIS/QGIS3\profil

C:/PROGRA~1/QGIS/apps/agis-It/./sva/
IDDOGD AL AINGTSS:

Licar DR Dath: C- annelanic ltel leocourcaclanic db
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Autolabeling

How to avoid tedious labeling job?
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- Grammarly X | @ (1) General (LaserCannon) | Micr: X @) Computer Vision Annotation Toc X 4 v = (] X
< C A Notsecure | 192.168.2.15:8080/tasks/5/jobs/5 o 2w » 0O 2
CVAT Projects Tasks Jobs Cloud Storages Models  Analytics O @ R dejan ¥
B o~ o~ h is @
4 Standard
B MKSP OO 0 o
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Objects Labels Issues

w B 9 v Sortby ID - as..

Al Tools

teractors Detectors Trackers

Convert masks to polygons
]
£ Label
Rumex Plant

Interactor

S O 0 &

O & O 6

Looks familiar?

Vv Appearance

- Labe Instance Group
> ks
—0
» — -g Selected opacit
- -
iy : Outlined borders &*
~ I Show bitmap Show projections
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Manual Labeling Process
« Manual labeling process is labor intensive.

* A human has to label the image on the
computer:

- Load the image

- Find a rumex in the image

- Draw a plant contour (cyan) or
- Draw a leaf contour (orange) or

- Create a bounding box

- Labeling UAV images is even more time
Intensive
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Data Acquisition: Ground Segment, HUMINT

1. Operator in the field

/N localizes the plant species
i (HUMINT)
2 2. GNSS-RTK receiver
determines the position of

a speciesin 1-3cm
accuracy

3. Acamera acquires a full
screen image of a plant in
12 MP resolution (
PX=0.11mm). Area

y. \\ : &9 ,.—// ~47X35 Cm.
—h\*-\:j_{_--_ —-M- \ ,-:I_‘_-/,:-- /.—-—:i' N
=#+4. Plant on the ground
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Labeling Assistant: Edge Computer with RTK, the Idea

SBC with a camera
acquires images with high
spatial accuracy

The plant center is located
by a human in the field

The images are processed
- with existing CNN

Segmented pixels are
overlapped with areal
Images
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Ground Truth Using GNSS RTK, detalils

The goal of this task is to use RTK to label the
plants in the field.

1. The leaf segmentation is performed
' automatically by existing algorithm (Schori
et. al.)

¢ 2. The plant center (root) is observed in the
field and coordinates are obtained by
GNSS (red cross)

¥ 3. Bounding box is computed by the computer
: using detection mask (raspberry rectangle).
Root position is computed from inference
mask and compared with the field values.

21 O Agroscope fenaco W2 Oosr Sunrise # upc

HUAWEI



Labeling Assistant
PhotoPi Mobile Phone Add-On
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One label, many images

@J0J1_20210901120954_0323
fSD)I_20210901120955_0324

PSR D)1_20210901120956_0325

« User annotates plants
in the orthophoto

* System projects
annotation to all
Images

DJI_20210901121626_0134 |}

»~ o ™o o (3 ~ B Mo »~ [ ™o o
DJ1_20210901120909_0288  DJI_20210901120910.0289  DJI_20210901120912.0290  DJI_20210901120913 0291  DJI_20210901120955 0324  DJI_20210901120956 0325  DJI_20210901120957.0326 ~ DJI_20210901120959.0327 ~ DJI_20210901121621.0130  DJI_20210901121622 0131  DJI_20210901121624 0132  DJI_20210901121625_ 0133

ad

DJI_20210901121626_0134
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Label on a single UAV image

~ ™ 2%

DJI_20210901120955_0324  DJI_20210901120956_0325  DJI_20210901120957_0326  DJI_202109011
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Ground Truth Using GNSS RTK

« With this method, the ground truth for a field
Is created, and all plant images are acquired
from the close range (13 MP), 0.1mm pixel
Size on the ground, 47x35 cm area.

§ « The computer labels drone images.

A human can walk a 1 ha field in 1-2 hours
. and acquire cm accurate plant positions and
plant images.

| - A computer can label images within an hour

. « A human can control the labels within half of
| aday.

- Saving: Up to 2000 hours for 500 images

; ,: ' - :.;/_‘ ,} “\.‘ : r’ ;, ¢
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Smart sensing, conclusion

Intelligent sensor fusion provides ten times more accurate locations than necessary.

Wise use of commercial software allows swift result retrieval:
- 2000 images in 15" and delivers orthophoto in 60’ (2.5 ha, the flight takes 40’)

Extracted information allows automatic monitoring through experts and advisors

Imaging, IMU and GNSS enable one-time annotation:

Requires a small network of trained on 500 close-range images
to annotate thousands of UAV images

90% of necessary software components are free and open-source
Runs on laptop computers and cloud-systems

And soon, on mobile phones
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Thank you for your attention
Q&A
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Creating fully qualified map for field use.

AN AN

( ) ( )
Metashape Photogrammetry Apply Inference Results
+Align images «Import detected points
*Compute terrain model (tie points) *Compute model coordinates
*Compute mesh from tie points *Compute most probable positions
*Create orthomosaic *Compute probability (extent)

. J o J

AN AN

( ) ( )
Export MAP (QGis)
*Export results as GPKG «Start plugin
*Export markers *Choose input directory (Cloud, Share,
*Export KML, Tiles, KMZ local disk)
*Export CSV *Create map

*Export map to phone
. J J
. o \‘y, . ~
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Inference result
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tangles

overlapping rec

t detection

Objec
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Object detection, overlapping rectangles

« Rectangle unifying is necessary

Each rectangles middle point is used for the
computation of the rumex coordinates

« Reprojection error is the measurement of
corresponding points

« ETA of the procedure implemented is end of
May 2023

* We have sufficient number of images to
make the process stable.
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Another inference result
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... zoomed results
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Third Image
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Results3
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