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The last 20 years have seen significant development in remotely piloted aircraft system(RPAS) technologies, consistent progress toward their integration into civilian airspace and a large range of case studies being published, reporting on a variety of potential applications. To evaluate opportunities offered by this new technology to future GSC mapping programs, we are conducting a 1-year research activity through the GEM-GeoNorth program. The goal is to draft a preliminary concept of operations for using RPAS in regional airborne geophysics. It will provide a framework for the development of capabilities by highlighting benefits, challenges and technological gaps and for the preparation of draft technical specifications that are both practical and ensuring quality and validity of data for mapping & exploration activities.
There are 3 parts to this talk:

1) A review of current practice in airborne geophysics.
2) An account of the expectations we have and the challenges we foresee with this application.
3) A draft concept of operation providing a preliminary vision on intended use.
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Airborne geophysics is a highly specialized field that relies on a small and mostly independent industry. This slide presents a list of the main pieces of equipment required for radiometric-aeromagnetic surveys, typical aircraft used and installation of the equipment on board aircraft. Basic data quality requirements are also presented.
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To describe airborne geophysics operations, the Gifford River survey flown in Nunavut by GDS Inc in 2017-2018 is presented as an example.
Northern Canada is still significantly underexplored and many surveys conducted by the GSC are located in the Canadian Territories. Line spacing can be anywhere between 50m and 5km. In this case, it was 400m at 125m survey altitude, which represents the GSC’s usual flight parameters for high-resolution regional surveys. GDS mobilized two aircraft, personnel and equipment from their headquarters in Montreal to Igloolik in NU, which was the community closest to the survey area. From Igloolik, ferry distance to the mid-point of the survey area was about 150 km.
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Flight 29 of the Gifford River survey, flown on September 13, 2017 with a King Air A100 registered as C-FLRB is presented to describe daily routine operations.
Total flight time was 5.2 hours and 10 survey lines were completed. 
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Airborne Geophysics is a mature field that has seen 60 to 70 years of development. The GSC has been involved early on in the development and standardization of these methodologies. The sum of this practical knowledge has been compiled in guideline documents. These guidelines ensure validity, quality and usability of data, and consistency between different surveys and platforms. At the GSC, these guidelines have ensured perenniality of the data and optimized return on investments of public funds.
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As we have seen, regional airborne geophysics implies extensive logistical efforts to mobilize equipment and personnel on site and demanding flight operations (repetitive, prolonged but requiring accurate navigation). RPAS could provide a valuable alternative to aircraft with pilot on board.
Frontiers surveying: the Canadian landmass and its offshore zones extend in remote areas where distances to airbases are very large and severely limits the practicality of using aircraft with pilot-on-board for surveying. These areas are underexplored and could benefit greatly from the unique support offered by RPAS.
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1. Approaches in aircraft design, system integration and post acquisition data processing for the mitigation and compensation of magnetic noise have to be developed and standardized.

2. The efficiency of gamma-ray detectors depend on their density and volume. This poses another challenge for system integration within an RPAS since payload capacity is a restrictive specification of RPAS. Modelling and trials are necessary to find the best compromise between detector volume (and mass) and vehicle performance that will deliver useful data.

Ref:
Tuck et al., Journal of unmanned vehicle systems, vol.7, p188.  2018
Chen, C.M., L.E. Sinclair, R. Fortin, M. Coyle, C. Samson, “In-flight performance of the Advanced Radiation Detector for UAV Operations (ARDUO), Nucl. Instrum. Methods Phys. Res. A, volume 954, 2020.
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As we examine RPAS capabilities and performances in the context of applied geophysics, two distinct operational models stand out. Defining these two streams could provide frameworks for planning further efforts in requirements analysis, system design and development of proper Concept of Operations. The first case takes advantage of the novel capabilities provided by small rotary-wing RPAS. This class of RPAS, with maximum take-off weight (MTOW) of less than 25 kg, can provide a capability for small scale ‘localized’ surveys of 2-3 km across that augment ground measurements. That is not an operational space that is readily occupied by other means in geophysical mapping.
On the other hand, transition of RPAS technology to operations in traditional airborne geophysics surveying is a longer term goal. In this case, RPAS would replace aircraft with pilot-on-board altogether to conduct larger scale regional surveys.
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Performance specifications, as reported by manufacturers, for fixed-wing RPAS type that could be appropriate for regional airborne geophysics operations are reproduced here. This does not represent an exhaustive list but it is shown to provide an overview of typical performances.

The first 3 systems are less-than-25kg systems that could be appropriate for magnetometer-only surveys, while the last two are heavier aircraft potentially suitable for radiometric surveys.

The main observation is that design and performances of these systems are comparatively very similar. It is worth noting that reported cruising speeds are characteristically slow in comparison to traditional aircraft.
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The ScanEagle is a proven platform that has seen almost 20 years of military and commercial operations. This slide presents how the ScanEagle would perform, as a magnetometer-only system, on Gifford River survey flight FLT 029 that was presented earlier by considering its reported performance specifications. For the ferry that takes half an hour with the King Air A100, the RPA would take about 1 hour. The whole flight (ferry, 10 survey lines and ferry back), completed in about 5h15 with the King Air, takes close to 13 hours with the ScanEagle.

Spatial resolution would be 2-3 times better with the RPAS but there would be an impact on personnel and crew management. One operator has to be assigned to the aircraft for the whole flight and rest time has to be considered in crew scheduling.
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The operator of C-FLRB King Air A100 reports a 270 L/hr fuel consumption rate. No fuel consumption figures could be found for the ScanEagle but the fuel capacity can be estimated to be about 5kg. With this value, fuel usage by the ScanEagle for a full flight can be inferred.

[bookmark: _GoBack]It should be noted that fuel consumption is a highly variable parameters that will depend among other things on payload, altitude and speed profile of flight. The figures presented here are not exact and are presented only for their indicative value in comparing the performances of the two platforms.
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