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Today, energy, the environment and the economy constitute a majority of the media reports and scientific literature addressing the issues of sustainable development in the years to come. It is also obvious that a substantial part of these discussions  focus on the production, processing and distribution of biomaterials,  including food. Whether one talks about energy, the environment, or the economy, the issue of food security always comes up, in one form or another. The most frequent arguments are: 1) projected global population growth, 2) limited production resources, and 3) global climate dynamics. The bottom line is that we need to learn to produce more with less under unpredictable risk factors. (((
Since the early 90’s, the agriculture research community has been discussing a number of opportunities that have emerged due to the  public use of Global Positioning System (GPS) signals and a growing popularity of information technologies. Known by such popular names as “precision agriculture” or “smart farming”, the set of new information-based technologies has allowed for setting up and solving optimization problems pertaining to the economic, environmental and social issues of food and fiber production1. According to Wikipedia, “today, precision agriculture is about whole farm management with the goal of optimizing returns on inputs while preserving resources”. It is interesting that along with the direct benefits, the precision agriculture concepts of managing plant and animal production systems allow for a more rapid adoption of best management practices, which were shown to be suitable under a given set of constraints. In fact, “do what is best in given conditions and under certain risk preferences” is the main idea behind various tools, systems and services.
Space segment of smart farming technologies is probably the most important set of tools to ensure the feasibility of adopting new practices over large areas and on a global level. Thus, space-based technologies related to precision agriculture provide: 1) navigation, 2) communication, and 3) data acquisition (remote sensing). Let’s discuss each of these functions in more detail.

Satellite-based navigation

As with many industries, the guidance functions of global navigation satellite systems (GNSS), such as GPS (USA-operated system) and GLONASS (a similar system operated by the Russian Federation) have been widely accepted.. In fact, GNSS-based automatic guidance of agricultural tractors and self-propelled machinery has been the most widely adopted precision agriculture technology2. This is due to its relatively straight-forward implementation by end-users and a number of proven benefits that include the reduced use of agricultural inputs, better ergonomics and improved logistics of crop farming operations. (
Although early adopters have expressed concerns about the accuracy and reliability of positioning that would affect vehicle behavior; these concerns are being addressed through a number of developments. Thus, many receivers used in the field today can process both GPS and GLONASS signals, which reduces the chance of loosing the position fix. Once Gallileo (the GNSS system under EU development) and the Compass Navigation Satellite System (CNSS) (BeiDou system under development by China) are fully operational, the ability to process signals from multiple systems will further increase positioning reliability. 
In terms of accuracy, the continued development of large area augmentation systems and local area networks of real-time kinematic (RTK) differential correction services allow responses to demands from various producers. While developing an ISO standard to quantify auto-guidance error, we have used equipment capable of making measurements with only a 2-mm level of uncertainty. Based on several trials, it was shown that a frequently claimed guidance error of less than 2 cm 95% of the time is not fiction and can be expected in many cases3. This provides an opportunity to engage innovative field operation practices, such as strip-tillage. Furthermore, by controlling different parts of the machine (individual planter units or spray nozzles), GNSS-based technologies have been used to prevent the doubling of agricultural inputs at intersections of separate field passes and avoid application in non-productive parts of the field, such as waterways. (
Finally, satellite-based navigation has opened the door to the practical implementation of autonomous (robotic) agriculture, which has already entered the implementations stage in terms of  a selected set of farming scenarios and specific field operations.

Communication

With the exception of the coast guard differential correction service and RTK base stations, users of GNSS equipment in agriculture rely on real-time differential correction signals broadcast via satellite. In addition, different types of telecommunication have been used to transfer operational and/or agronomic data between individual machines, and centralized management or technical support providers. For instance, large producers can now track in real time and manage fleets of farm equipment and employees as well as remotely upload field-specific tasks and download field reports. Different types of telemetry have been involved in precision livestock management and specialty crop production systems, as well.
Data collection

Earth-observing satellites yielded a number of agricultural services as well as research and government survey programs that rely on remotely sensed data. It worth mentioning that such work was, and remains, a priority area of investigation for a number of researchers worldwide. In fact, whether it is radar, optical, or thermal imagery, satellite-based services cover relatively large sections of land in a consistent and repeatable manner. The data from many satellite platforms have been collected and archived for several decades. This means that we have the ability to evaluate the history of land use instead of simply providing snap shots of what is going on. Undoubtedly, the year-to-year changes in land use and vegetation coverage reveal important data on land productivity.

As precision agriculture allows for the optimal use of agricultural inputs, satellite-based information products have been devoted to the differentiation of crop growing conditions, which affect water, carbon and nitrogen cycles, as well as monitoring crop diseases and other external factors. It is important to note that different projects rely on different scales of data. For example, crop inventory, natural disaster relief efforts, or watershed-level planning programs require a relatively large coverage with less attention given to individual agricultural fields. On the contrary, relatively small areas of coverage with relatively high spatial resolution become of interest when we focus on individual field operations.
In such a setting, one becomes interested in learning if there is a significant spatial variability in water storage and soil productivity. In response to specific local conditions, producers can pursue site-specific management of their key inputs. For example, irrigation water can be distributed according to, either the current soil water status, or the soil-based water storage capacity. Mineral fertilization can be differentiated in accordance with biomass removal derived from historic productivity data or potential soil productivity derived predominantly from bare soil imagery. 
Unfortunately, satellite-based data in their pure form do not convey much information pertaining to the physical quantities of interest and serve  as a relative indicator that must be calibrated to local conditions. That is why our current task is to define the most appropriate strategy to combine satellite-based information with proximal sensing techniques and temporary monitoring technology as well as traditional sampling and laboratory analysis procedures. This “sensor fusion” research and development strategy is probably the most promising area that could yield successful implementations in the near future.4 (  
The development of satellite imagery-based zones of differentiated field management can serve as an example of this data fusion process. These zones subdivide an agricultural field into areas with different productivity histories. Proximal soil sensing data, such as maps of apparent soil electrical conductivity or field topography are used to confirm or modify delineated zones according to the probable natural cause for crop production variability. This process is then finalized by obtaining soil samples to represent different zones and to utilize prior agro-economic knowledge to define the site-specific best management practices to be implemented.

Although there are a number of competing satellite-based agricultural data services to provide suitable products, future developments are discussed in response to the anticipated demand for such services. Thus, concerns can be narrowed to the most obvious 1) cost of data, 2) temporary resolution (revision time) in view of probable high cloud coverage, and 3) the nature of data processing to assure that producers end up with well-interpreted data,  readily available for guiding agricultural operations. The latter is related to the current discussions in terms of the future sensing capabilities and practical aspects of spatial, spectral, and radiometric resolution. 
The need for computation-intense processing of large masses of data (especially when we talk about possible hyperspectral imagery) the challenge becomes such that the use of cloud computing and advanced\ data handling methods can be easily justified. However, specifics of data type (e.g., wavelength of measured reflected energy) and the ways in which useful information can be extracted are debatable and they remain a major agenda item for remote sensing and precision agriculture research and development.
Summary

An effective use of natural resources to produce food and other bio-materials is important to achieve food security. Precision agriculture involves a set of technologies capable of addressing parts of this challenge. Space-based technologies involve navigation, communication and data collection that play a crucial role in advancing modern agricultural production. Although the portion of the agribusiness sector that relies on satellite-based products is growing rapidly, a number of challenges, being resolved by the research communities worldwide, suggest that there are additional opportunities to be realized in the near future. 
( Associate Professor, Department of Bioresource Engineering, McGill University
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