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Abstract

Delayed recognition of animal-health problems can increase production losses, welfare impairment,
treatment complexity, and the risk that infectious conditions spread before veterinary attention is
mobilized. Continuous sensing technologies can detect changes in activity, rumination, temperature,
feeding, location, and environmental conditions earlier than intermittent observation in some livestock
contexts, but the value of these technologies depends on more than sensor accuracy. Small and
geographically dispersed livestock holdings may lack continuous connectivity, individual-animal sensors
may be financially impractical, and automated alerts may have little operational value when no trained
person is available to interpret and respond to them. This study develops a community sensor-network
framework that combines livestock sensing with shared digital infrastructure, locally available animal-
health responders, participatory surveillance, and veterinary escalation. Because authenticated sensor
streams, clinical diagnoses, and community veterinary records were not supplied, the quantitative
component is explicitly simulation based. A synthetic environment comprising 180 livestock-keeping
households is assessed across routine visual observation, stand-alone animal sensing, community-
networked alerts, and integrated community—veterinary response.

A Community Livestock Health Alert Network Index is developed from sensor coverage, signal
reliability, connectivity continuity, individualized baseline modeling, alert interpretability, community
response capacity, and veterinary escalation. Simulated analysis indicates that the proportion of
emerging health events identified or acted upon within twelve hours rises from 35% under routine visual
observation to 67% with stand-alone sensors and 83% when sensors are embedded within a community
response network. The study emphasizes that behavioral and physiological anomalies are screening
signals rather than diagnoses. Effective systems therefore require species-specific validation, false-alert
management, clinical confirmation, data governance, equitable access, and clearly defined responder
responsibilities. Community sensor networks can strengthen livestock-health surveillance most
effectively when technology accelerates attention to animals requiring examination without displacing
farmer observation or professional veterinary judgment.

Keywords: livestock health monitoring, community sensor networks, precision livestock farming,
animal-health alerts, wireless sensor networks, participatory epidemiology, early disease detection,
veterinary decision support
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1. Introduction

Livestock health management has traditionally depended heavily on direct observation by farmers,
herders, technicians, and veterinarians. Such observation remains indispensable because experienced
livestock keepers recognize changes in appetite, posture, movement, social behavior, milk production,
rumination, vocalization, and other signs that may indicate health or welfare problems. However, visual
observation becomes more difficult when herd size increases, animals graze over wide areas, livestock
owners combine farming with other work, or veterinary personnel are responsible for large geographic
territories. Precision livestock farming addresses part of this limitation by continuously measuring
animal or environmental variables and directing human attention toward animals whose patterns deviate
from expected behavior. Berckmans describes precision livestock farming as a continuous monitoring
approach intended to support management of individual animals within larger production systems, while
Halachmi and colleagues emphasize that the practical value of real-time sensing depends on converting
measurements into actionable information rather than merely accumulating data.

Sensor-based animal-health monitoring can draw on several types of information.
Accelerometers can characterize movement, lying, standing, feeding, and related behaviors;
microphones can identify selected acoustic changes; rumination sensors can track changes in chewing
activity; temperature sensors can identify physiological deviations; and location or environmental
sensors can add information concerning movement patterns, heat exposure, or unusual environmental
conditions. Neethirajan's review documents a broad range of wearable and biosensing approaches for
animal-health management, while wireless-network research has demonstrated that behavioral
observations can be transmitted and classified automatically. Nadimi and colleagues, for example,
developed a mobile wireless network for monitoring and classifying sheep behavior, illustrating that
distributed sensing can operate across moving animals rather than only within fixed installations.

Yet a sensor measurement should not be equated with a diagnosis. Rutten and colleagues
distinguish between a device that measures an animal characteristic, interpretation of the resulting
signal, integration of that information with other evidence, and the eventual management decision. This
distinction is essential for livestock health. A decline in activity may reflect illness, heat, normal rest,
parturition, changes in feed, or environmental disturbance. Rumination can decrease around multiple
health disorders but remains an indirect health indicator. Body temperature can support health
assessment, yet measured temperature varies with anatomical location, environmental conditions,
instrumentation, and physiological state. Reviews of temperature monitoring therefore emphasize the
need for standardized measurement and contextual interpretation rather than universal thresholds applied
without calibration.

A further limitation is that much precision-livestock research has historically focused on the farm
or individual herd as the principal operational unit. Rural livestock-health problems frequently cross
those boundaries. Several neighboring households may share grazing land, water points, breeding
services, markets, transport, or veterinary access. An emerging health pattern observed across several
holdings may therefore have greater epidemiological significance than an anomaly viewed in isolation.
Participatory epidemiology provides a complementary tradition in which animal owners and local
communities participate in recognizing, prioritizing, and investigating animal-health problems. Catley,
Alders, and Wood emphasize that participatory surveillance should be triangulated with conventional
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veterinary diagnosis rather than treated as a substitute for it. Later reviews similarly show that
participatory approaches have been widely used for surveillance, disease prioritization, and animal-
health planning.

2. Objectives of the Study

2.1 To Develop a Community-Based Livestock Health Alert Architecture

The first objective is to establish a framework connecting animal sensing with community-level health
response. Conventional sensor deployments typically send alerts to the individual farmer or farm
manager. That structure is appropriate for many commercial farms but may be less suitable where
livestock are distributed among numerous small holdings and access to veterinary services is
intermittent.

The proposed architecture therefore includes individual farmers, shared communication
gateways, trained community animal-health responders, and professional veterinary escalation. The
objective is to ensure that an alert has a defined operational destination and that responsibility does not
end when a notification appears on a mobile device.

2.2 To Evaluate Alert Quality and Response Timeliness

The second objective is to distinguish sensor detection from clinically useful response. A system
generating large numbers of alerts may appear technologically active while overwhelming farmers with
false or low-priority notifications. Conversely, a highly specific system that detects problems only after
obvious clinical signs appear may offer limited early-warning value.

The study therefore evaluates signal reliability, individualized baseline deviation, temporal
persistence, multi-sensor agreement, alert acknowledgment, responder availability, and time to follow-
up. Health-alert quality is interpreted as the ability to prioritize animals requiring attention rather than
the ability to make autonomous diagnoses.

2.3 To Examine Community Surveillance, Equity, and Veterinary Escalation

The third objective is to determine how community-level aggregation may strengthen animal-health
surveillance while protecting equitable access and professional oversight. Individual sensors can identify
deviations within one animal, whereas community-level analysis can identify clusters of unusual
behavior, temperature, or morbidity reports across neighboring holdings.

However, community networks can also create governance problems concerning ownership of
sensor data, unequal sensor distribution, confidentiality of farm information, and inappropriate treatment
based solely on automated alerts. The framework consequently requires transparent escalation rules,
farmer consent, traceable alert histories, and confirmation by suitably qualified animal-health
professionals when treatment or formal disease reporting is required.

3. Review of Literature

3.1 Precision Livestock Sensing and Early Health Recognition

Research on precision livestock farming has progressively shifted from identification and simple
production measurement toward continuous behavioral and physiological monitoring. Rutten and
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colleagues organize sensor development into a sequence extending from raw measurement to
interpretation, integration, and decision making. This progression remains a useful conceptual model
because many technologies perform well at measuring behavior while having considerably less evidence
demonstrating improved clinical decisions.

Several empirical studies nevertheless show that sensor-derived behavioral changes can precede
or accompany clinically recognized health disorders. Stangaferro and colleagues evaluated a health-
monitoring system combining rumination and activity information and found that automated health
indices could support identification of metabolic and digestive disorders in dairy cattle. Similar work
examined mastitis and metritis. These studies reinforce the principle that combinations of behavioral
indicators can provide useful screening information while remaining dependent on clinical confirmation.

3.2 Sensor Validation, False Alerts, and Decision-Support Limitations
The existence of a commercial sensor does not establish clinical validity. Stygar and colleagues
systematically examined technologies relevant to dairy-cattle welfare and found that only a limited
proportion of commercially available tools identified in their market search had published external
validation. Accelerometer-based technologies showed stronger validation coverage than several other
device categories, while performance varied considerably across measured traits. Their analysis is
especially relevant to health-alert design because activity, rumination, feeding, and similar variables can
function as indirect indicators whose meaning depends on the combination of signals and context.
Environmental and physiological confounding must also be considered. Godyn, Herbut, and
Angrecka show that body-temperature measurements differ according to measurement location and
environmental conditions. A community system that interprets a temperature deviation without
accounting for heat exposure, sensor position, or animal state could therefore produce avoidable false
alerts. Similarly, reduced movement might be appropriate under high thermal load but abnormal under
thermoneutral conditions.

3.3 Community Animal Health and Participatory Surveillance

Community-based animal-health systems developed partly in response to limited veterinary coverage in
remote and resource-constrained areas. Peeling and Holden describe community animal-health
approaches as potentially useful for extending livestock services but emphasize the need for institutional
support, regulation, and appropriate integration with formal veterinary systems. Community responders
cannot function safely or sustainably when responsibilities, supervision, medicine use, and referral
relationships remain undefined.

Participatory epidemiology provides a related surveillance perspective. Catley and colleagues
define it as a systematic approach that increases animal keepers' participation in understanding disease
problems and designing surveillance or control responses. A central methodological principle is
triangulation: local knowledge, observed patterns, participatory information, and conventional veterinary
or laboratory evidence should reinforce one another rather than compete for authority.
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4. Research Methodology

4.1 Research Design and Synthetic Community Livestock Network

The study adopts a quantitative simulation-based methodological design. No authenticated livestock
sensor streams, veterinary clinical records, herd-health databases, laboratory results, or community
animal-health logs were supplied. The analysis therefore does not claim to represent a completed field
trial.

A synthetic population of 180 livestock-keeping households is distributed across six hypothetical
community clusters. Each cluster contains cattle and small-ruminant holdings with differing herd sizes,
grazing patterns, mobile connectivity, and access to veterinary support. Sensor deployment is modeled
through combinations of wearable activity or rumination devices, temperature measurements, location
monitoring, and shared environmental nodes.

The simulation evaluates four surveillance conditions: routine visual observation, stand-alone
animal sensing, community-networked health alerts, and integrated community sensing with structured
veterinary escalation. Species-specific sensor calibration is assumed within the simulation; no universal

physiological threshold is applied across cattle, sheep, and goats.

Table 1: Components of the Community Livestock Health Alert Network

Network
Component

Ilustrative Information

Operational Function

Required Safeguard

Animal activity
sensing

Movement, lying,
standing, grazing or
feeding patterns

Identifies behavioral
deviation from individual
baseline

Behavioral change is
not treated as diagnosis

Rumination or

Rumination duration,

Supports detection of
changes associated with

Species and

measurement

feeding feeding interruption, . production-stage
. ; . health or digestive o . )
information reduced intake pattern . calibration required
disturbance
. . Environmental and
Repeated body or Adds physiological .
Temperature . i . measurement-site
. peripheral temperature evidence to behavioral
monitoring effects must be

alerts

considered

Environmental

Ambient temperature,
humidity, water-point or

Distinguishes animal-
level anomaly from

Sensor maintenance
and local calibration

nodes . oy wider environmental .
housing conditions required
stress
. Aggregates data from Supports cluster-level Access controls and
Community .
stewa several households or alert recognition and farmer consent
g y grazing areas low-cost connectivity required
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Network . i . . .
lllustrative Information | Operational Function Required Safeguard
Component
. Alert acknowledgment, Converts digital signal .
Community . . g . . . g g Clear scope of practice
animal observation, basic into timely human ..
responder . and supervision
triage and referral follow-up
Clinical examination, . .
. . . . Confirms or rejects . .
Veterinary diagnostic testing, . e Professional judgment
. clinically significant . .
escalation treatment or formal alerts remains decisive
reporting

Source: Author-developed simulation framework informed by precision livestock monitoring, wireless
sensor-network, and participatory epidemiology literature.

4.2 Community Livestock Health Alert Network Index
The proposed Community Livestock Health Alert Network Index (CLHANI) measures the maturity of
the complete alert pathway rather than the sophistication of an individual sensor.
For network i:
CLHANIi=wsSi+wgQi+wcCi+wbBi+waAi+wrRi+wvVi
where:
e Si=sensor coverage;
e Qi =signal quality and validation;
« Ci = connectivity continuity;
« Bi=individualized or herd-specific baseline quality;
o Ai=alert interpretability;
e Ri = community response capacity;
e Vi = veterinary escalation effectiveness.
For the baseline simulation:
ws=wg=wc=wb=wa=wr=wv=71
and:
=13 7wj=1
The resulting index ranges from 0 to 1. Equal weighting is used for methodological transparency.
Empirical implementation could assign different weights according to production system and
surveillance objective. Connectivity might receive greater weight in extensive grazing systems, whereas
validation and alert specificity may be particularly important in intensive dairy systems where large
numbers of sensor events are generated daily.

A high CLHANI therefore does not mean that every animal carries the most sophisticated sensor.
A lower-cost network combining reliable shared sensing, good connectivity, farmer observation, and
rapid professional referral may achieve greater practical health value than a technologically advanced
system with weak response capacity.
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4.3 Alert Generation, Verification, and Response Evaluation

The proposed alert-generation framework identifies unusual livestock health patterns by comparing each
animal’s current activity, rumination, temperature, and feeding behavior with its individualized baseline.
A combined anomaly score is used to integrate these deviations with environmental context. The
framework is intended for methodological evaluation rather than direct clinical diagnosis, and species-
specific validation would be required before practical deployment.

Alerts are prioritized when abnormal patterns persist over time, multiple health signals show
agreement, or similar deviations occur among several animals within the same community. The
Community Alert Level is calculated from the proportion of monitored animals generating qualifying
alerts. A sudden increase in this proportion can prompt further investigation of shared environmental
conditions, feed quality, management practices, or possible infectious risks.

System effectiveness is assessed using the Community Livestock Health Response Score
(CLHRS), which combines early detection, response timeliness, veterinary confirmation or appropriate
escalation, false-alert control, and documentation quality. Higher scores indicate that sensor-generated
information contributes to quicker and more dependable health responses while maintaining professional
verification, accountability, and traceability throughout the case-management process.

5. Analysis

5.1 Performance Across Livestock Health Surveillance Conditions

Routine visual observation performs strongly when livestock keepers are close to their animals and
clinical changes are obvious. Its principal limitation in the synthetic environment concerns intermittency.
Behavioral deterioration beginning overnight, during remote grazing, or between routine checks can
remain unnoticed until the next observation period.

Stand-alone sensors substantially improve early recognition because behavioral or physiological
deviations can be recorded continuously. However, their practical value is reduced when connectivity is
unreliable or when farmers receive alerts without sufficient explanation. The simulation intentionally
includes unresolved alerts in which notifications are received but not followed by timely examination.

Community-networked alerts improve this pathway by distributing responsibility. A farmer can
acknowledge an alert, while unresolved or repeated events become visible to a trained community
responder. When related alerts appear across neighboring holdings, the system can elevate the pattern for
wider investigation rather than treating every animal independently.

The integrated community—veterinary condition adds explicit escalation criteria. Persistent
physiological deviations, severe behavioral changes, clusters of similar alerts, or farmer-reported clinical
signs generate professional referral. This condition produces the strongest overall response score
because the network combines continuous surveillance with clinical accountability rather than
maximizing automation.
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Table 2: Simulated Livestock Health Alert and Response Performance

urveillance | Mean | 0 | R | eepone | Mean
Condition CLHANI Within 12 h Up Time CLHRS
Routine visual
) 0.18 35% 54% 19.2 h 47
observation
-al
_ Stand-alone 0.46 67% 68% 9.4h 66
individual sensors
Community-
networked sensor 0.72 83% 82% 58h 82
alerts
Integrated
community— 0.89 88% 91% 46h 90
veterinary network

Note: All values are simulated methodological observations and do not represent measured diagnostic
sensitivity, specificity, veterinary response times, or performance of any commercial sensor system.

The table demonstrates that the largest improvement does not arise from sensors alone. Moving
from visual observation to individual sensors produces substantial gains, but integration with community
response further reduces delay and increases completion of follow-up. This distinction supports the view
that a health-monitoring system should be evaluated from measurement through action rather than by
sensor performance in isolation.

5.2 Timeliness of Emerging Health-Event Recognition

The simulated alert-timing distribution provides a more detailed interpretation of these differences.
Under routine observation, only 18% of emerging events are identified and acted upon within six hours,
while a further 17% are addressed during the next six hours. Forty-three percent remain unresolved
beyond twenty-four hours or are missed during the modeled observation window.

Stand-alone sensor alerts increase the share recognized within six hours to 42%. However, 14%
remain late or unresolved because the existence of an alert does not guarantee acknowledgment,
interpretation, or access to assistance.

The community network produces the largest shift toward earlier action. Sixty-one percent of
modeled events receive attention within six hours and a further 22% within twelve hours. Only 6% fall
into the late-or-missed category in the synthetic scenario.
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Graph 1: Simulated Timeliness of Livestock Health Detection and Response

Community sensor network + response

Individual-animal sensor alerts

Routine visual observation
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The graph demonstrates that 83% of emerging events are addressed within twelve hours under the
community-network condition, compared with 67% using stand-alone sensor alerts and 35% under
routine observation.

These values should not be interpreted as clinical sensitivity estimates. The graph represents the
combined pathway from emerging abnormality to attention, including sensing, connectivity,
acknowledgment, and human response. In a real study, diagnostic sensitivity and specificity would need
to be calculated separately against veterinary reference diagnoses.

Key Finding: The simulation suggests that the major benefit of a community sensor network lies not
merely in producing earlier digital signals but in reducing the gap between signal generation and
competent human response.

5.3 Multi-Animal Alerts, False Positives, and Escalation

A second analytical advantage appears when information is considered across animals. A single decline
in activity may have many causes. If activity declines simultaneously in several animals sharing a
grazing area while ambient temperature rises sharply, the community system can prioritize heat or
environmental stress as a plausible shared explanation. Conversely, simultaneous abnormal behavior
across separate holdings without an obvious environmental trigger can justify veterinary investigation.

This collective layer does not diagnose outbreaks. Instead, it changes the priority assigned to
investigation. Participatory epidemiology literature supports precisely this type of triangulation, in which
community observations and patterns are combined with veterinary diagnostic methods before
conclusions are drawn.

False alerts remain unavoidable. Sensor detachment, communication interruption, unusual but
normal animal behavior, heat exposure, reproduction, transport, feed changes, or recent management
interventions can all produce abnormal data. The framework therefore preserves an explicit alert status:
unreviewed, farmer-contextualized, community-reviewed, veterinary-referred, confirmed, or closed as
non-clinical.
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Such traceability has two advantages. It reduces unnecessary escalation by allowing local explanation of
obvious non-disease causes, and it creates evidence for recalibrating algorithms when particular types of
alerts repeatedly prove uninformative.

6. Discussion

6.1 From Individual Sensors to Community Health Intelligence

The first implication of the study is that livestock-health sensing should be designed around the
organization of animal-health services rather than the device alone. Precision livestock farming has
demonstrated considerable capacity for continuous individual-animal monitoring, and wireless sensor
networks allow behavior and physiological information to be transmitted without constant physical
observation.

For large commercial farms, the natural organizational unit is often the herd. For smallholder
communities, however, several farms may collectively represent an epidemiologically connected
livestock population. Animals may use common grazing areas, breeding animals, livestock markets,
water sources, transport vehicles, or service providers. A community network can therefore provide
additional value by recognizing patterns that would remain invisible within isolated farm dashboards.

Halachmi and colleagues note that lower-value-per-animal livestock systems may favor group-
level or shared sensing rather than equipping every animal with an expensive individual device. This
insight is particularly important for community-network design. Sensors can be allocated strategically to
sentinel animals, communal environments, high-risk groups, or representative herds while maintaining
farmer-based observation for the wider population.

The purpose is consequently not technological saturation. A well-designed system should
identify the minimum combination of sensor coverage and human surveillance required to provide
reliable early warning at acceptable cost.

6.2 Sensor Alerts Must Remain Screening Tools Rather Than Automated Diagnoses

The second implication concerns clinical responsibility. Activity, rumination, temperature, feeding, and
environmental variables can all contribute to health assessment, but each can change for reasons
unrelated to disease. Stygar and colleagues' systematic review shows that validation evidence remains
uneven across commercially available livestock technologies and measured traits.

This evidence argues against treatment decisions triggered solely by generic algorithmic alerts. A
sensor can indicate that an animal deserves attention; it cannot necessarily identify the pathology
responsible for that change. Rutten and colleagues' distinction between sensing, interpretation,
integration, and decision making should therefore be preserved throughout the community architecture.

A practical alert could state that an animal has experienced sustained reduction in rumination
combined with reduced movement relative to its own recent baseline. That formulation is substantially
more defensible than telling a livestock keeper that the animal “has a metabolic disease.” The former
describes evidence and prompts examination; the latter turns an uncertain model output into a clinical
claim.

Temperature monitoring provides a similar example. Godyn and colleagues show that
temperature measurements can vary according to location and environmental conditions. Consequently,
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the community sensor system should incorporate environmental context and sensor type rather than
applying one universal cutoff irrespective of measurement method.

6.3 Community Participation, Veterinary Capacity, and Data Governance

The third implication is institutional. Digital livestock monitoring will provide limited value in
underserved areas if the system can identify abnormal animals but no trained person can reach them.
Community animal-health systems were developed precisely because veterinary capacity can be
geographically uneven, but the literature emphasizes that such systems require supervision, regulatory
clarity, and links with formal veterinary institutions.

A community sensor network can strengthen this relationship by making referrals more
structured. Rather than contacting a veterinarian with only a general statement that “several animals look
sick,” the community responder can provide the time of alert onset, animals affected, behavioral
patterns, relevant environmental data, farmer observations, previous interventions, and geographic
clustering. This information may improve prioritization even before professional examination occurs.

Participatory epidemiology also provides an important warning against over-technologizing
surveillance. Communities possess contextual knowledge that sensor systems cannot observe directly.
Farmers know whether feed recently changed, animals traveled, rainfall altered grazing conditions,
vaccination occurred, new livestock entered the village, or unusual disease signs have appeared
elsewhere. Alders and colleagues emphasize that participatory animal-health approaches derive value
from active community involvement rather than simply extracting information from livestock owners.

Data governance therefore requires explicit attention. Animal-health information can reveal farm
location, production performance, disease suspicions, herd movement, and commercial conditions.
Farmers should know what information is collected, who can see it, how long it is retained, and under
what circumstances it is shared with veterinary or regulatory authorities. Community dashboards should
use role-based access rather than unrestricted visibility of every household's data.

Equity is equally important. If only better-resourced livestock owners can afford individual
sensors, a community surveillance system may systematically observe their animals more closely than
those belonging to poorer households. Shared gateways, sentinel sensing, subsidized coverage,
communal environmental monitoring, and farmer-generated symptom reports can reduce this imbalance.
The system should be evaluated according to whether it improves health protection across the livestock
community rather than according to the total number of devices deployed.

7. Conclusion
Community livestock sensor networks offer a promising way to connect precision livestock monitoring
with participatory animal-health surveillance. Their potential lies not in replacing the experienced
livestock keeper or professional veterinarian but in improving the continuity of observation between
direct human inspections. Continuous data can reveal changes in behavior, rumination, temperature,
feeding, movement, and environmental conditions that warrant closer attention, while community-level
aggregation can identify patterns occurring across several animals or holdings.

The Community Livestock Health Alert Network Index proposed in this study evaluates seven
elements required for a functioning surveillance pathway: sensor coverage, signal quality, connectivity,
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baseline personalization, alert interpretability, community response capacity, and veterinary escalation.
Within the synthetic analysis, the share of emerging health events receiving attention within twelve
hours increases from 35% under routine observation to 67% with stand-alone sensing and 83% with
community-networked response. The highest overall Community Livestock Health Response Score
occurs when local sensing is connected with explicit veterinary escalation. These values demonstrate the
internal behavior of the framework and must not be represented as observed diagnostic performance.

The results also demonstrate why sensor deployment alone is an incomplete animal-health
strategy. A sensor can detect deviation without explaining its cause. Connectivity can deliver an alert
without ensuring that anyone acts upon it. A community worker can reach an animal quickly without
necessarily possessing authority to diagnose or prescribe. Veterinary integration therefore remains
central. The most defensible architecture treats automated analytics as an early-warning and triage layer,
farmer knowledge as a contextual interpretation layer, community response as a rapid examination and
referral layer, and professional veterinary assessment as the clinical confirmation layer.

Future empirical research should test the framework using prospectively collected sensor streams
linked with standardized veterinary diagnoses, treatment histories, production outcomes, environmental
measurements, and alert-response logs. Studies should separately evaluate sensitivity, specificity,
positive predictive value, false-alert burden, alert-to-examination time, network downtime, battery
performance, cost per monitored animal, and farmer acceptance. Comparative research across cattle,
sheep, goats, pigs, and mixed livestock systems would also be useful because sensing requirements and
economic feasibility vary substantially by species and production system. Community sensor networks
will make their strongest contribution when they create a reliable chain of measurement — interpretation
— local response — veterinary confirmation — documented follow-up, ensuring that digital monitoring
ultimately improves timely attention to animals rather than simply increasing the quantity of livestock
data.
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