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Abstract — Precision Livestock Farming (PLF) is core to satisfying the ever increasing world-wide demand for dairy products of good quality and societal concerns over animal welfare and health. The features of a technology platform with the capability to identify the early onset of illness in dairy cattle is presented.
Index Terms— animal health and wellbeing, precision farming, cloud services,
I. Introduction

The fundamental principle on which PLF is founded on if the needs of animals are satisfied at the highest granularity, then the needs of farmers and the supply chain including consumers follows. The steady decline in the number of producers and increased commercial pressures have forced consolidation within farming, resulting in the growth of the average farm size. A direct consequence is that the farmers have less time to execute traditional practices and are becoming increasingly reliant on technology. The solutions required harness a number of technologies and rely on engineering data driven by consideration of the impacts in order for the derived product/service to be not only fit-for-purpose but can also be easily deployed and maintained with a minimum of perturbation to a sector that has followed entrenched practices for many years.
II. background 
The use of automated measurement methods to monitor the behaviour of animals is becoming increasingly widespread. Software techniques have been applied to recover a range of states from the measurements including rumination, eating, standing, and lying with reasonable accuracy. These states can then be the foundation for identifying key animal conditions such as the onset of illness.

The dairy cattle-focused platform elements comprise a robust, high node count sensor network with a neck mounted collar engine gathering activity data from individual animals and a cloud based software environment that manages on-farm data and pro-actively alerts the farmer, real time of key operational and management interventions (Figure 1). The platform is scalable in terms of handling multiple data streams, able to manage farms increasing in size and support remote farms harnessing the growth of the connected world. The system captures activity data from cows located in different areas, collates this information and presents it to a mix 
including the farmers/herdsmen, animal fertility specialists, feed specialists over various mediums, such as smartphone, home computer or within the parlour, a significant challenge taking into account the remoteness of the farming communities.
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Figure 1: Schematic of the platform comprising neck mounted collar wirelessly downloading behavioural data of individual animals to a local PC and /or a cloud for presentation and decision support applications.
The key data gathering engine is a ‘Smart Collar’ which records individual neck movements continuously using a 3-axis accelerometer. The significant differences in the variance of measured raw accelerometer data allows the derivation of various cow states e.g. standing and eating. The resultant mapping of the energy spent throughout the day is the basis for the unique identification of a number of individual cow conditions. Each collar ‘learns’ normal behaviour patterns and alerts the farmer of cow conditions only when there is an indication of a high degree of confidence that intervention is required. The implementation of the advanced interpretation software directly on the collar results in a profound reduction of the volume of data required to be downloaded to the application; the solution only generates alerts, which are transmitted at critical periods. The net gain is scalability; deployment adaptability to service various farm environments; operating lifetime is in excess of 7 years without the need for battery change and can be reprogrammed over-the-air.
III. THE TIME SPENT EATING/TRUMINATING AND WELFARE
Monitoring the feed intake of cattle is considered an excellent proxy for establishing a view of overall welfare. Cows that are sick will eat less, or spend less time eating. Furthermore, rumination, characterised by a steady rhythmic chewing action can also be identified from the motion of the neck muscles. During an eating phase, the cow has to tear the feed (e.g. grass) from the ground, partially chew it and then swallow for re-mastication at a later time. Consequently, the muscle motions observed on the neck are considerably larger and this can be observed by the spread of acceleration measurements. This process allows the cows behaviour to be identified at any point in time using only a simple measurement of the acceleration on the neck only.

Figure 2 presents a measure of how much the cow’s activity changes in a 90-minute period. It is known that as cows come into heat, they become their level of ‘restlessness’ increases; hence the variation in activity rises (yellow line). The red line, is a measure of how significant this change is compared to normal activity behaviour, indicating to the farm operative that a cow is in heat. The green trace is a measure of time the cow spends ruminating compared to the average rumination time for the past week. Since it is known that this should fall as the cow comes into heat, it provides an additional metric to reinforce the diagnosis. Figure 2 also shows that during this period the eating time increases. In fact, the cow is not eating more but will spend an increased amount of time licking and rubbing other cows with her head. These register similar muscle movements as eating and hence the graph displays an apparent increase in eating. 
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Figure 2: Illustration of a rise in activity accompanied by a fall in the time spent ruminating at the point of oestrus.
IV. platform evolution
Integration of multiple sensor strands offers the potential for greater precision in detection of critical animal welfare events and gates the potential for delivering additional benefits and services through collaborative platforms exchanging and sharing data. For example, feeding wagons can improve overall herd nutrition by delivering a uniform mix of feed that does not vary in composition along the length of the feed bunk or from day to day. Hence all animals are fed equally. In addition, spectroscopic measurement is being integrated onto feed wagons to analyse feed composition at the point of delivery. This information, along with time and quantity of feed dispensed relayed to a cloud server, opens up the ability for nutritional experts to analyse the relationships between feed composition and production outputs on a real time basis. Ultimately, individualised feed optimisation strategies can be developed provided that accurate estimates of individual feed intake can be derived.

For the near term therefore it is likely that the fusion of multiple data streams will have the greatest impact in improving the diagnosis of welfare conditions related to changes in more than one variable.
V. CONCLUSIONS
Distributed intelligent sensing networks from physical front-end devices, the underpinning technologies such as signal processing, networking, information dissemination, through to advanced diagnostics are at the heart of the deployment of a range of services which positively impact many international industrial sectors. The platform reported in the paper focusses on the extremely important sector of livestock farming and the pro-active identification of the onset of an illness condition prior to criticality with the positive impact of increasing the overall production efficiency of the sector.
The integration of multiple sensors into what is effectively an operational decision support platform results in a greater benefit than that derived from the individual sensors alone, in this case the neck-mounted collar. For example, each additional sensing modality will enhance the understanding of the practices across the farming environment and render any decision support service more robust in its diagnostic capacity.
