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4.3 The capability model

BUSINESS CAPABILITIES ARE THE EXPRESSION OR THE ARTICULATION OF THE CAPACITY,
MATERIALS, AND EXPERTISE AN ORGANIZATION NEEDS TO PERFORM CORE FUNCTIONS.

The Manufacturer's Guide to Business Capabilities, LeanlIX

Figures 8-12 below present a business capability model for performing core functions in
data-driven agrifood systems (which includes smart farming). The capability model includes
agricultural business capabilities but does not attempt to be a comprehensive catalogue
thereof. Rather, it is more focused on capabilities pertaining to the creation, management

and exchange of data.

Perhaps the most important set of capabilities in the model is the one pertaining to reference
data. Documenting a sequence of field operations involved in producing some agricultural
commodity (e.g., a crop) typically involves referencing a set of resources (farms, fields,
machines, people) that were allocated to the operation and are specific to the producer in
guestion. Documenting the operation also involves referencing a set of other resources that
are best identified in terms that are not specific to the grower (e.g., products, crops, etc.)
The data that describe the former are usually called master (or setup) data; the latter are
called reference data.

When a document, for example, a work order describing an operation that must be
performed in the field (e.g., spraying), is exchanged between two actors, such as a producer
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and a custom applicator, a perfect frictionless scenario would involve all the data being
machine-readable and machine-actionable, such that:

¢ The data contained in the work order can be accurately and automatically converted
to a format that can be sent to a machine or implement that will be performing the
field operation.

¢ The products, crops and operations involved can be automatically recognized by the
receiving party’s system, in order to populate regulatory (e.g., product use) reports,
for example.

These things are only possible if the identifiers used in all these documents are common and
can be recognized. That means that the reference data that underlies those identifiers can
be standardized and shared across the different participating systems. Unfortunately, there
is a lack of standards related to reference data in agriculture, to the extent that we do not

even have a standardized set of codes or identifiers to denote crops.

Figure 8 below shows capabilities pertaining to reference data.

Core Reference Data Management

Semantic interoperability Product reference data management (seeds, crop protection, fertjlizer

Non-Product reference

Data Typa UoM definitions, Data quality measure data (crops, etc.) B Pack
Definition conversions quality measur rand data Formulation data ackage type
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manag data Management

Trait Seed product

Manage seed
nomeanclature Composition

bank accessions

it

Fertilizer product
compaosition
management

Packaged product
management

=

=

Figure 8: Reference data - specific business capabilities to enable smart farming.

The group of capabilities labelled Semantic interoperability in Figure 8 is also critically
important for reducing friction and enabling interoperability. It pertains to representing and
standardizing the meaning of data. For example, using the same, machine-readable codes
for representing data types (i.e., variables) such as temperature, crop yield, protein content
and net income. Another related problem pertains to representing data types that are
geopolitical context dependent (e.g., a product registration number that only has meaning in
a specific country). Yet another important problem has to do with representing units of
measure (“UoMs”); this is often an afterthought in agricultural data systems, especially those
created for a specific geography and specific commodities, where the units of measure are
implicit and generally consistent.
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Despite the industry’s best intentions and attempts at standardizing, inevitably different
systems might refer to the same resource (e.g., a specific producer’s field or paddock, a
specific machine, a specific product, etc.) using different identifiers. Interoperability can be
enabled in these scenarios through resource mapping infrastructure, i.e., services that
enable users to assert relationships among different identifiers. A typical scenario might be
establishing the equivalence between the identifier used to denote a particular crop variety in
a) the mobile implement control system on a planter and b) the producer’s farm
management software, to enable the frictionless import of work records from the field.

Managing metadata and data quality are two very important capabilities required for attaining
scale in data-driven agrifood systems. Fortunately, there are ISO standards for representing
metadata elements (ranging from an identifier to represent the person performing a given
field operation to the license under which a dataset is distributed), ISO 19115, and data
quality measures (e.g., an estimate of the error with which the latitude/longitude data of a
field boundary are collected), ISO 19157. Implementation standards are still needed for
applying these concepts in agrifood systems and establishing the necessary semantic
infrastructure for delivering the corresponding (meta)data type definitions and data quality

measure definitions in machine-actionable ways.

Figure 9 below describes service infrastructure — related capabilities.

Service Infrastructure
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resource Dataset

Spatictemporal Machine-actionable
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Figure 9: Service infrastructure - specific business capabilities to enable smart farming.

Some salient capabilities included in this set:
¢ Unambiguous resource identification: In the early days of precision agriculture,

systems that were meant to be used by only one actor (e.g., the producer) did not
need unique identifiers for resources; it was acceptable to identify a field or a product
using, say, an integer number (e.g., “748"), because there was not a clear
expectation that there might be data exchange with another system in which that
same number might already be used to denote a different resource. It is now an
industry standard best practice to use unique identifiers to denote resources, but
more guidance is needed for when to use different identification options (e.g.,

universally unique IDs vs Universal Resource Identifiers).
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o Data deduplication: A frequent problem in field operations agriculture is that data
describing the same event (e.g., the application of a product to a field / paddock)
might reach a system (e.g., the producer’s farm management information system)
through different paths such as a) direct data import from a machine using a USB
drive, and b) importing data using the equipment manufacturer’s cloud infrastructure,
after a telematics system on the farm equipment uploads the data. This creates
challenges for farm management information systems because activities on the farm
may be recorded two (or more) times. Detecting these scenarios manually at any but
the smallest scale is time-consuming and prone to error. Standardized approaches to
automated de-duplication of data are needed.

e Spatiotemporal data aggregation / disaggregation: It is generally important in farm
management to allocate geographical field operations data to the corresponding field
/ paddock where the operations happened. The reasons for this importance range
from the need to calculate profits and losses at the field level as a mechanism to
drive land allocation decisions (e.g., “This paddock is consistently not very
productive—we will take it out of production and place it in a conservation program”)
to accurately managing active ingredient loads for regulatory compliance. When field
operations are performed by machines, however, the data in an incoming dataset
may require allocation over space and time. For example, it may represent more than
one field (requiring allocating data over space, using field boundaries to decide what
field / paddock a given piece of geographical information belongs to), and may only
represent part of the field operation (the rest of which may be present in a different
dataset happening later or earlier). Being able to spatially allocate incoming data to
the corresponding field / paddock and grouping those data temporally into meaningful
products (e.g., a yield dataset for a field that was collected over two days) is
valuable, and a capability that the industry would benefit from standardizing.

Figure 10 below presents a set of core customer-facing capabilities, where “customer” refers
to the user of a management information system at the farm or similar level. Note that
capabilities that are not specific to agrifood systems (e.g., inventory management) are not

shown.
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Figure 10: Core-customer-facing-services- specific business capabilities to enable smart farming.

Figure 11 below presents a set of support capabilities, meant to enable the customer-facing

capabilities.
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Figure 11: Support capabilities, meant to enable the customer-facing capabilities. Note that the ““CP’” acronym refers to crop
protection; i,.e., chemicals.

Some salient capabilities included in this set:

Enable autonomous field operations: This is a “hot” topic in agriculture, very relevant
as rural populations tend to decrease in many countries, regulatory pressure on
traditional forms of crop protection tends to grow in many jurisdictions, and producers
face labour shortages when harvesting and managing crops. Autonomous operation
of equipment in the field involves a complex choreography of multiple interoperating
systems (e.g., drones / UAVs, ground robots, smart machines and/or implements,

56




ISO/TMB / SAG SF - Strategic Advisory Group on Smart
Farming Final Report — February 2023 (Excerpt)

autonomous data collection platforms, static 10T devices, and so forth) and their
corresponding data layers. This is currently not possible at scale. Several
recommendations in this document (e.g., 3.4.1-3.4.9, 3.4.13, 3.4.16, 3.4.24, 3.4.27
and 3.4.29.) aim to lay a foundation for progress in this area.

Enable energy efficiency management: Making principled use of resources is at the
heart of the definition of smart farming used by the SAG-SF. Agricultural operations
involve the expenditure of great amounts of energy, whether in the form of diesel fuel
or electricity from a utility grid or on-farm microgrid. Enabling data capture and
resource management at scale on this front requires standardization.
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