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Introduction.
Before the formal creation of specialist search and rescue organisations in the United Kingdom, hastily gathered groups of willing volunteers would convene and perform best effort searches or rescues for those missing or injured both on the land and the sea. These groups, though well meaning, were often ill equipped, lacking in medical knowledge and/or specialist skills that were vital to a successful casualty recovery.

Search and Rescue (SAR) Organisations.
In 1823, Sir William Hillary called for the creation of an organisation charged with the responsibility of the saving of life at sea. The following year, the Royal National Institution for the Preservation of Life from Shipwreck was established, an organisation we now know as the Royal National Lifeboat Institution (RNLI). [1] This was soon followed by what was to become Her Majesty’s Coast Guard (HMCG) in 1829. [2] The Royal Air Force were quick to realise the advantages of a newly emerging technology known as the Helicopter in a SAR role and established two dedicated SAR squadrons in 1952. [3] Further advances in many fields of technology have produced assets which greatly enhance and augment the primary search tool – the human eye. These include thermal imaging, enhanced communications, GPS and GMDSS.	Comment by john: OK.  Decent background introduction.



The advent of the low-cost drone.
Advances in battery performance, decreases in weight, miniaturisation of cameras and the availability of low-cost user programmable microprocessors has seen a marked rise in the availability of drones (or Unmanned Aerial Vehicles(UAV)) to the public, particularly of the quad-copter design.

Using UAVs in SAR.
Police Departments throughout the United States regularly deploy surveillance drones to search for suspected criminals and missing persons. [4] A leading US manufacturer has realised a benefit to assisting emergency services in the search for vulnerable personnel. [5] Sadly, not all searches come to a happy conclusion. [6] UK Police forces have also recognised the benefits of SAR drones and have deployed them in Devon, Cornwall and Dorset. [7] The Civil Aviation Authority (CAA) has produced guidance for Flying Drones. [8] In conjunction with the CAA, the National Air Traffic Service (NATS) have produced an easy to understand Drone Code for leisure users. [9] However, from significant online research there is very little information available on the use of Drones in UK based SAR roles.

Pushing Boundaries.
While the UK emergency services appear to be a little behind the curve in the adoption of UAVs in the field of SAR a recent Royal Navy exercise held in the Outer Hebrides imaginatively named Unmanned Warrior [10] was designed as a showcase event for industry leaders to demonstrate their UAV products and was also attended by senior representatives of HM Coast Guard. This demonstration prompted an internal Coast Guard review of the applicability of UAV SAR operations which, as yet, remains unpublished.
	Comment by john: You are laying out a clear picture of the state of play with UAVs in SAR as the sections build.
Advanced Research.
While the clear majority of UAVs in the public domain are directly controlled, researchers are attempting to produce semi-autonomous UAVs with search and recognition algorithms. Sonia Waharte and Niki Trigonis paper [11] embraces the technology and investigates a fully autonomous UAV using various search algorithms designed with speed of search, height above ground, image quality and probability of detection as key factors affecting the probability of detection. A similar study conducted by Haider A. F. Almurib, Premeela T. Nathan, and T. Nandha Kumar titled “Control and Path Planning of Quadrotor Aerial Vehicles for Search and Rescue“ [12] exploring advanced autonomous search patterns and co-operative multi-UAV heavy lift operations.

While Waharte and Trigonis focussed on autonomous UAV search algorithms, a parallel study by M.A. Goodrich, J.L. Cooper, et al produced “Supporting Wilderness Search and Rescue using a Camera-Equipped Mini UAV” [13], focussing on the analysis of the remote images themselves to assist in finding a missing person or casualty.

J. A. Adams and B.G. Buss, et al took the concept of SAR UAV further in their paper ‘Using a Mini-UAV to Support Wilderness Search and Rescue: Practices for Human-Robot Teaming’ [14] investigating the possibility of remote casualty management through UAV delivery of medical supplies, survival and possibly communications equipment to aid casualty stabilisation while rescue services make their way on-scene. To accomplish heavy lift, the use of multiple UAVs co-ordinating in flight is theorised in an autonomous lifting and transportation mode. 	Comment by john: The risk assessment for such work, and the related legal liability considerations in case of problems, look very daunting.



Conclusion.
Research to date would seem to suggest that while not widespread, the use of SAR UAVs is more prevalent in the American emergency services than in those of the UK. However, UK UAV legislation is a little more relaxed, as is the more pragmatic approach of the emergency services in accepting assistance from privately owned UAVs.

The trend of UK SAR UAV use by the emergency services is on the rise and specialist operators will emerge from within the services to augment existing SAR techniques	Comment by john: I suspect there is a large and lucrative entrepreneurial opportunity for anyone able to fill this training niche!

The research being conducted in fields including search algorithms, image processing and recognition software and autonomous UAV co-operation of is far beyond the allowable limits that have been set for the clear majority of SAR services both here and in the United States.  As a rapidly emerging technology current national legislation is not keeping up or is prohibitively restrictive.

References.
1. Royal National Lifeboat Institute. “1824 – Our Foundation” 
Internet: https://rnli.org/about-us/our-history/timeline/1824-our-foundation  [12/01/17].

2. The National Archives “Coastguard History” Internet: http://webarchive.nationalarchives.gov.uk/+/http://yourarchives.nationalarchives.gov.uk/index.php?title=Coastguard_History 08/04/10 [12/01/17].

3. “RAF Helicopters in Search and Rescue” Internet: http://www.raf.mod.uk/rafsearchandrescue/22squadronassociation/rafhelicoptersinsearchandrescue.cfm [12/01/17].

4. “Drone Operator explains how he found Missing man” Internet: http://www.bbc.co.uk/news/technology-28423252 25/07/14 [12/01/17].

5. “Lockheed’s New Drone Will Help Rescuers Find Missing People” Internet: https://www.wired.com/2015/04/lockheeds-new-drone-will-help-rescuers-find-missing-people/ [12/01/17].

6. “Missing hiker body found by drone pilot” Internet: http://www.thedronefiles.net/2016/08/24/missing-hiker-body-found-by-drone-pilot/ [13/01/17].

7. Curtis, S. “UK police forces want to use drones to search for missing people” The Telegraph (02/11/15), Technology News.
Internet: http://www.telegraph.co.uk/technology/news/11970364/UK-police-forces-want-to-use-drones-to-search-for-missing-people.html  [13/01/17].

8. Civil Aviation Authority “Flying Drones”
 Internet: https://www.caa.co.uk/Consumers/Model-aircraft-and-drones/Flying-drones/ [13/01/17].

9. National Air Traffic Service “Drone Code” Internet: http://dronesafe.uk/drone-code/ [13/01/17].

10. Robinson, T. “A game for drones – lessons from Unmanned Warrior”
Internet: https://www.aerosociety.com/news/a-game-for-drones-lessons-from-unmanned-warrior/ 25/10/16 [13/01/17].

12. Sonia Waharte and Niki Trigoni “Supporting Search and Rescue Operations with UAVs” Internet: https://www.cs.ox.ac.uk/files/3198/submission_waharte.pdf [13/01/17].

13. Control and Path Planning of Quadrotor Aerial Vehicles for Search and Rescue 	Comment by john: Where you are referring to journal publications which has a physical edition it is normal to cite the journal even if it was sourced online.
Haider A. F. Almurib, Premeela T. Nathan, and T. Nandha Kumar Internet:
http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=6060754&tag=1
[13/01/17].

14. Goodrich, M. A, Morse, B. S et al “Supporting Wilderness Search and Rescue using a Camera-Equipped Mini UAV” Internet: http://onlinelibrary.wiley.com/doi/10.1002/rob.20226/epdf
18/09/06 [13/01/17].

15. Julie A. Adams Brian G. Buss, et al “Using a Mini-UAV to Support Wilderness Search and Rescue: Practices for Human-Robot Teaming” Internet: http://scholarsarchive.byu.edu/cgi/viewcontent.cgi?article=1231&context=facpub
27/09/07 [13/01/17].



8

