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Trends and Challenges of bringing Agricultural Machinery to
the loT
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Challenges of bringing Agricultural Machinery to the loT

(aka ,the Internet of Tractors®)

+ Tractors and implements are complex control systems on their own
*  On Tractors & Implements:
o CAN BUS communication
o Many different sensors & actuators
o big amount of data with high sampling rates
+ Tractor Implement combinations are on the constant move while executing their tasks
o selective availability of high data-rate upload opportunities
o edge computing capacity/buffering
* Read & Write access to BUS systems hindered:
o Complex & proprietary protocols
o Huge amount of necessary interfaces

*  Functional safety is crucial
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The loT Technology Stack

loT Ecosystems for Agricultural Machinery
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Figure 1
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What's the idea behind NEVONEX?



N=VON=X
One Box for Everything.
Future Proof.

INNOVATION
AWARD

AGRITECHNICA _
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B of TUT
NEVONZEX  explained
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N=VONZ=X

- Compare it to the world of Smartphones
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Category Smartphone NEVONEX
Functionality + App@ ;: FEATURE E}T
NEVONEX Box V)
Operating Environme/[_ & &]
Devices Samsung iPhone . <
Basic Software + Android ios Machine &"‘ 'ﬁﬁ.
Tablet PC
l_
Cockpit App
Retrofit Obti Memory Card E(] )) Sensors Actuators .
etront Uptions Speakers IMU, force  Valve
Marketplace/Acquiring Play-Store . -x|re FEATURE @'Fﬂ
Functionalities App-Store @ E *= Showroom @’E.'g,j
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N=VON=ZX - Y
...brings Digital Services on Farm Machines B of THT

FEATURE

2 B =

Digital Services:

o

v' Improve Interoperability & data-availability & -quality

v App-like Software

v" Run manufacturer-independent on farm machinery v" Developed & sold by different providers

(OEM/agrichem/dealers/startups/FMIS etc.)
v' Optimize processes in tractor-implement combinations

& self propelled (e.g. combines)
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Digital Services offer new opportunities in automation

Example: Tire-pressure control system —

With NEVONEX: Digital Service t

without NEVONEX
Central Ul for different TPC-systems

Proprietary controler .
P Y Optimum pressure derived on the edge from:
Farmer/operator has to press button to . Soil properties -> watershed model

Change pressure manua”y * Recommended tire pressures from manufacturer (e.g. Michelin)
» Tractor data: e.g. ISOBUS working/road, ballastation etc.

Digital Service controls tire pressure automatically
in the background

Farmer doesn‘t need to press buttons

Always right pressure

Documentation available for subsidies

Saves cost

Protects soil from compaction

Powered by BOSCH
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Digital Services offer new opportunities in automation

Example: retrofit Task Controller

Without NEVONEX With NEVONEX

4 —
NEVONZX & (ORc:

»TC activation expensive »NEVONEX Box contains Task

licence with recurring cost Controller (one-time Hardware &
when leasing machines are  Licensing cost)

exchanged » Retrofit possible on any ISOBUS
» Application maps ( 2V2) machine

transferred manually with »Down- & Upload of application
flash-drives (risk of loss, maps to many clouds via Digital
wrong versions etc.) Services of the Digital Service

» Different Ul for each Providers

tractor display

Powered by BOSCH
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N=VON=X

Components

NEVONEX retrofit kit

Ul
o 7" | MyNEVONEX
=== | Device
= | Management
NEVONEX Cockpit

App Ul for Operator

ISOBUS VT
configuration mask

Co-funded by
the European Union

o TLTI

Digital Services

Easy download, update &
upgrade machines

Automated documentation
Process optimization
Save time/cost/resources

Enhance quality of live &
convenience for Operators &

farmers

Powered by BOSCH
T




NSVONZX B of TUT

. the European Union
Partner Roles in the Ecosystem

Farmer EfT Digital Service (= “App”) Digital Service
™ Provider
FEATURE
NEVONEX Account Orchestrator

Development Kit

NZVON=X

NEVONEX responsible for

@ Interfaces

Installation T-
Onboarding B@
Installation a‘—Ul Hardware M Interface
Provider __ Provider = Providers
(OEM etc.)

N Retrofit Kit ? Q Retrofit Kit H

Powered by BOSCH




What's the difference between NEVONEX and ... ?
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What's the difference between NEVONEX and ...7?

T
(P

Nr. Component
Cloud-to-Cloud
communication

2 loT-Gateway

l 3 Satellite Services

mobile device for

visualization
5 Tractor
6 Implement

Treiber, Bernhardt (2021)
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What's the Difference between NEVONEX and...?
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What's the Difference between NEVONEX and...?

Agrirouter
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What's the Difference between NEVONEX and...?

NEVONEX

o E2 o o
/
.N e

©
=3
=
o
=}
B
o ’/ ’ -7 II \ \\ \\x\
= - < 1 \ NS S~
_ -7 s 1 \ S S~
= Phe \ S S<
g -7 II \ ~ S
= e .’ \ Sso
/’ & ll \ \\
z
2 =27 . / \ SN Ve
[0} - ’, h \ N s\\
(m] ”,/ ,, \\ \\\ S
- _ . \ ~ RN g
ISOBUS _ | ISOBUS _ .S —— ISOBUS B —=
e &L/ <« — Y1
oW(Q +control oWO “*control 5 oWO “*control” L i
: DI . 9= . =~)II']
everything —/ \\\\- everything everything \

© 2023 Treiber, M. | SFloT | loT Ecosystems & NEVONEX 21



Co-funded by

the European Union

Outlook



Co-funded by 1 "
the European Union | I

...2014 Porter/Heppelmann perspective

5. System of systems

4. Product system

3. Smart, connected product

2. Smart product
®) ©)
1. Product (”)E](“)
+ =
o > o o 8

v

v

F
iR
ms
=
;

N=VON=X

roeits @ BOSCH

© 2023 Treiber, M. | SFloT | loT Ecosystems & NEVONEX

23


https://hbr.org/2014/11/how-smart-connected-products-are-transforming-competition
https://hbr.org/2014/11/how-smart-connected-products-are-transforming-competition
https://hbr.org/2014/11/how-smart-connected-products-are-transforming-competition
https://hbr.org/2014/11/how-smart-connected-products-are-transforming-competition
https://hbr.org/2014/11/how-smart-connected-products-are-transforming-competition
https://hbr.org/2014/11/how-smart-connected-products-are-transforming-competition
https://hbr.org/2014/11/how-smart-connected-products-are-transforming-competition
https://hbr.org/2014/11/how-smart-connected-products-are-transforming-competition
https://hbr.org/2014/11/how-smart-connected-products-are-transforming-competition
https://hbr.org/2014/11/how-smart-connected-products-are-transforming-competition
https://hbr.org/2014/11/how-smart-connected-products-are-transforming-competition
https://hbr.org/2014/11/how-smart-connected-products-are-transforming-competition
https://hbr.org/2014/11/how-smart-connected-products-are-transforming-competition

24

.today’s perspective ==

Co-funded by I
the European Union
- —

6. Fused System of Systems

6. Network System of Systems

Physical Connectivity Cloud
Layer Layer Layer

N=VONZX

CSP Collaborative Sourcing & Planning CRM Customer Relationship Management FMIS Farm Management Information System DSS Decision Support System_ rusio @) BOSCH

TUT

BOSCH
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Complexity of deployable use-cases rises

Internationale
Skalierung von
Innovation

Autonomie Diskriminierungs-
freier Daten-/
Prozesszugang
in bunten Flotten
Optimierung
Verteilte, intelligente
Systeme mit

Echtzeit- Edge Computing

regelung

Auftrags- Internationale,
steuerung offene Plattformen

Prozess
Uberwachun

9

E-Government,
E-Produkt
Infrastruktur



loT Infrastructure paves the way for Al on the Edge

Networking on data and model level

Co-funded by I
the European Union

Planning Climate Plant/Organism Soil

ta & Model Exchan

A O

Application Process Machine Inputs

FERTILIZE SPRAYING SPRAYING FERTILIZE SPRAYING HARVEST FERTILIZE TILLAGE TILLAGE
JUN JUN AUG AUG AUG SEP

Farming operation FERTILIZE TILLAGE SEEDING SPRAYING FERTILIZE

Month SEP SEP OCT OoCT FEB ARP APR APR
Implement Spreader  Cultivator Seeder Sprayer Spreader Spreader Sprayer Sprayer Spreader Sprayer Harvester Spreader Cultivator  Cultivator
Work process Basic Primary . Weed 1stN 20N Crop Crop 39N Crop Grain Lime 1ststubble 29 stubble
O N Seeding . - N " - N o . .
fertilization tillage treatment application application protection protection application protection harvest application tillage tillage
Inputs [material] PK Seeds Herbicides KAS KAS Growth Reg. Fungicide KAS Insecticide Ca
Carbonate

Example: Winter Wheat

N=VON=X

rwesttn @) BOSCH




Todays seeding process not reaching full potential... - Co-funded by : ﬂ TuTI

the European Union

...as loop between supercomputing and airseeder is broken

% Makro-biosimulation Tile-biosimulation Field Level Application
@ (periodical) (daily) (static maps)
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Todays seeding process not reaching full potential... - Co-funded by : ﬂ TuTI

the European Union

...as loop between supercomputing and airseeder is broken
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