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[HOW SUITABLE IS A 
UAV FOR UK LAND 
SEARCH AND RESCUE?] 
This paper sets out to determine whether or not micros UAVs are plausible for use in the 
UK Land Search and Rescue role. Patterdale MRT has been conducting trials based upon 
streaming live footage onto the internet. This paper looks at important requirements for 
the operation of UAVs in UK airspace and how the use of UAV might help the Search 
Manager in casualty location. It sets out to consider whether or not a UAV could increase 
the detection range of a casualty therefore increasing the area searched over a set time 
and improving the chances of locating a casualty particularly in a time critical situation. 

Figure 1: Patterdale MRT UAV Tests 
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Introduction  

 

In 2012, Mountain Rescue Scotland reported that 720 persons were assisted 

in both mountain and non-mountain callouts, these incidents resulted in over 

30,000 volunteer hours of which 57% of all incidents involved searching for 

missing persons, 41% of these incidents were attended by helicopters. 

Glenmore Lodge (2013). Mountain Rescue England and Wales reported that 

21.9% of 1066 incidents involved looking for lost, overdue and overdue 

missing persons. Helicopters were utilised for search in a total of 91 incidents. 

Feeney G (2012). The United Kingdom (UK) has over 48 Search and Rescue 

(SAR) teams in England Wales, Mountain Rescue England and Wales (2015) 

and 31 Teams in Scotland, including 3 police teams and 1 Royal Air Force 

Team, Scottish Mountain Rescue (2015), teams are manned by volunteers to 

assist with the operations. The Military Search and Rescue Annual (2013) 

covers all military SAR activities, it states that military Mountain Rescue 

Teams (MRT) responded to 72 callouts during 2013 utilising 7,616 man hours, 

Figure 2 below details military helicopter callout totals between the years of 

2004 and 2013. It shows that in 2012, of 1803 callouts, 312 (17.3%) involved 

search for the casualty. Hall M and Willis A argued in 2013 that the cost of UK 

SAR helicopters was around £6000 per hour although from the previous 

experience of the author, it is believed this figure is underestimated by around 

50%. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Military Helicopter Callouts between 2004 and 2013 
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The MRT role includes Command and Control, search, communications, 

casualty care, media liaison, welfare and co-ordination of airborne assets. 

MRT’s are utilised to search during poor weather, especially when helicopters 

are unable to gain entry into an area to due low cloud, snow or icing 

conditions. In many cases, in good weather, there are multiple incidents 

occurring at any one time; in this case helicopters may be flown away from 

their usual Area of Responsibility (AOR), potentially leaving it unprotected; the 

highest priority casualty is dealt with first, priority is based on many things 

such as weather, age of casualty, nature of incident, any occurring medical 

issues, other assets available and fuel requirement. Air cover is expensive, 

weather dependent and in constant demand. This project will explore the use 

of micro Unmanned Aerial Vehicles (UAVs) to compliment helicopter air 

support in Land SAR.  

 

This report aims to investigate the possibility of the use of micro UAVs for UK 

Land SAR, it will first set out the literature already available within this field, 

investigate what technology is currently available to search teams, the effect 

of missing person behaviour upon how assets are utilised, investigating how 

UAVs are already being used, the effects of CAA regulations and 

communication bandwidth upon UAV operations leading to an experiment that 

will determine swept width requirements in a search situation. 

Literature Review 

 

The Anti-Submarine Warfare Group (1946) of the US Navy published the 

Operations Evaluation Report (OEG) report No.56, containing search 

methods to solve the problems of detecting, locating and identifying maritime 

targets such as hostile submarines, aircraft and warships. Koopman argued 

(1956a) that search results could be improved by directing the search, stating 

that two basic facts were underlying in every type of detection: the target must 

be close enough that the observer is able to sight it and the view must not be 

obscured. It was believed that detection chances improved as conditions 

improved, although any search is based upon human attention and could 

suffer from fatigue and poor alertness. Search techniques have continued to 

develop, with many search teams modifying maritime tactics for the land 

environment. Frost J R (1999) argued that utilising aircraft within the search 
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area provided a higher detection rate than ground searching, due to speed; 

although an aircraft could move through an area faster, it provided a smaller 

sweep width due to the difficulty of detection. In some environments, it was  

deemed to be ineffective although the same area could be searched several 

times in less time than it would take a ground team to search once. Cooper et 

al (2003) investigated the use of search theory in a land environment, 

concluding no formal attempt to develop techniques existed; recommending 

that detection data should be further analysed and modified; including use of 

an airborne asset to ascertain sweep width in different environments and 

terrains. Koester, R et al (2004) designed a scientific method for determining 

detection probability of objects within a land environment leading to the 

development of a formal experiment that could provide searchers with 

accurate information regarding swept width and Probability of Detection 

(POD) of an object, however, only from a ground search perspective. 

UAVs for Land Search and Rescue  

 

The Outback Challenge Rescue (2015) was developed as an outcome of the 

workshop “The Future of UAVs – Challenges and Applications in the Asia 

Pacific Region” by the Australian Research Centre for Aerospace Automation 

(ARCAA) and the Queensland Government; the mission: to search, locate 

and deliver aid to “Outback Joe”, a life size dummy, hidden within an area 

2nm by 2nm within 60 minutes. The UAV must operate from an aerodrome 

5nm away, it must be 100kg for rotary and 150kg if fixed wing. The 

competition has so far been successful with operators learning new 

techniques and how to achieve the best results from their platforms. Tridgell A 

(2014) compared his 2012 results with the 2014, stating that searching at 

100m in 2014 compared with 90m in 2012 has given him a 60% overlap 

instead of the 50% that he had available before, this enabled the whole 2nm 

by 2nm search area (Figure 3) to be covered in 20 minutes. He argued that 

this was due mainly to an upgrade in his camera detection equipment, in 2012 

he utilised a 640 x 480 resolution compared with the 1280 x 960 in 2014. He 

located “Outback Joe” within the 60-minute timescale and provided aid 

accurately and safely to the casualty. 
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In the UK, Patterdale MRT has been working alongside Lancashire University 

in order to produce a UAV capable of searching for casualties in remote areas 

(Figure 4). An experiment conducted utilised a video downlink onto the 

Internet that could be streamed by viewers around the world in order to assist 

with locating casualties. Inglis K (2013). The experiment covered a 10km by 

10km search area and was deemed by Patterdale MRT to be successful. Kent 

Search and Rescue Dog Association have been loaned a UAV by O2 and are 

currently undertaking trials. Sky News (2015) 

 

 

 

 

 

Figure 3: 2nm by 2nm UAV search pattern 

Figure 4: Patterdale MRT UAV Trials 
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UAVs have been utilised in Rescue situations around the world; Waharte S 

and Trigoni N (2010), state that UAVs can provide critical support due to 

agility, speed and autonomous behavior, arguing they are able to perform 

operations that humans are unable to. 2 UAVs were utilised in the aftermath 

of Hurricane Katrina (2006) in order to survey the damaged area and locate 

trapped survivors. Waharte argued that considerations had to be made such 

as planning for limited flight time and quality of data provided, height 

adjustments were required in order to provide the best detection footprint with 

the correct amount of detail. UAVs should be able to avoid environmental 

hazards and be capable of passing information back to either the Ground 

Control Station (GCS) or other UAVs. Goodrich et al conducted UAV flight 

experiments in (2009) noting the importance of the video quality and the 

difficulty in detecting objects whilst only in frame for a short amount of time; in 

order to overcome this issue they devised a mosaic technique in which 

multiple frames of captured video were stitched together in order to provide a 

single larger area image; this technique improved search detection by 43%. 

Other lessons were of the importance of close coordination between the video 

analyst and the ground searching team. 

Missing Person Behaviour 

Missing person behavior is considered during the early stages of a search and 

should be taken into account by the search manager when deciding whether 

or not to utilise air support to aid search teams. Looking at the known 

possibilities of a certain type of person and behaviour exhibited may lead 

teams to approach a search in a particular way. 

Search Methods 

Average Maximum Detection Range (AMDR)  

AMDR is a measurement of the average maximum sighting distance of a 

particular object in a set of conditions within an area. In a land search 

scenario, the ground searchers may conduct an experiment in order to 

determine AMDR, this figure is used to calculate the spacing required 

between personnel to cover a set area; so far no literature has been found 

detailing AMDR utilising a UAV although IAMSAR (2008) does include some 

detail collected during helicopter searches based around swept width 

requirements. AMDR takes into account variables that influence detection in a 
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land environment such as vertical obstructions, horizontal obstructions and 

terrain variance. Stoffel et al (2006). 

Swept Width 

Swept width is the detectability of an object within a given environment, its 

value is difficult to determine. It is “the average ability of a given sensor to 

detect a particular search object under s specific set of environmental 

conditions.” Cooper DC et al (2003). Figure 5 below provides a pictorial view 

of what swept width is as described by Cooper DC et al in (2003). The 

number of missed detections of an object within the effective sweep width (B) 

equals the number of detections outside of the sweep width (A).  

 
 
 

 

 

Critical Separation 

 
 

Perkins and Roberts (1989) developed the concept of Critical Separation 

(CS), a tactic that places the visual horizon of each searcher directly in-

between two searchers meaning that each searcher has responsibility of 

detecting an object out to their visual horizon; there is no overlap into the next 

placed searchers field of view. Stoffel et al (2006) argue that CS 

“Represented the most efficient use of search manpower.” although CS 

“defines this ideal distance, searchers find it is difficult, If not impossible to 

maintain in many environments and only well trained searchers attain it 

consistently”. The procedure is defined as a good and accurate procedure for 

determining POD, Stoffel et al (2006). This could be a useful tactic for 2 or 

Figure 5: Cooper et al Swept Width Diagram 
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more UAVs within a search area and will be considered when planning this 

experiment. 

 

Roberts and Perkins Sea King Experiment 

 

Roberts and Perkins (2000) developed a trial to determine the CS from the air 

utilising a Sea King Helicopter. The graph below (Figure 6) portrays the 

findings of the experiment showing that the maximum distance at which the 

target could or may be seen varied with height AGL. It is noted that a grey 

area occurs when utilising CS: 

“Experience of determining Critical Separation in the field shows that there is 

not a clear cut-off between a target being visible and not being visible when 

you are at a distance around your limit of visibility. There is a grey area where 

maybe the target is visible, maybe it isn't.” Perkins and Roberts (2000) 

 

 

The graph above shows that with an increase in altitude AGL, the distance at 

which the target is visible increases, although there is the grey area in which 

the casualty may not be located, it is therefore important to maintain the 

correct separation in order to give the helicopter crew the best chance of 

detection. 

Figure 6: Roberts and Perkins Sea King Trial 
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Probability of Detection  

Quincy Robe, R and Frost, J, R (2002) described POD as a function of 3 

variables: The amount of effort expended in a given area, the effective sweep 

width and the physical size of the area to be searched. 

 

Effort = Distance (searched by each searcher) x No. of Searchers 

Area Effectively Swept = Effort x Effective Sweep Width 

Coverage = Area Effectively Swept / Segment Area  

(Area can be determined using a grid overlay upon a map: Length x Width) 

 

It should be noted that a POD of 1 is generally unattainable; it is almost 

impossible to effectively search 100% of an area due to many of the issues 

mentioned above. 

Literature Review Summary 

 

The literature review highlights that there is a lack of research directly related 

to search techniques utilising UAVs; previous work relates to algorithms 

required for detection of objects utilizing autonomous assets but there is 

limited information around  AMDR, CS and swept width leading to POD and 

formal search methods. Koester et al designed the experiment to determine 

such data in 2004 but only from a ground search point of view, Perkins and 

Roberts (2000) developed a successful experiment to determine CS using a 

Sea King helicopter.  

 

UAVs are already being utilised successfully for land SAR in situations that 

would require search teams to enter dangerous areas. Competitions such as 

“The Outback Challenge” have proven that there is potential in the utilisation 

of UAVs for Land SAR with clear improvements already seen.  

Goal 

 
To ascertain whether or not micro UAVs can be utilised in UK Land SAR 
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Objectives  

 
State how missing person behaviour effects search planning 
 
Research the type of UAVs already in service, what roles they are 
undertaking and critically analyse whether or not they are effective. 
 
Investigate what equipment UK MRT has that can assist with the search 
process and critically analyse whether or not that method is more effective 
than the use of a UAV. 
 

Critically analyse UK Civilian Aviation Authority (CAA) regulations to ascertain 
whether or not the project is feasible with regard to airspace. 
 
Consider options for communications range and bandwidth requirements for 
long-range operations. 
 
Design and conduct an experiment to search for a missing person, in a 
remote location, utilising a UAV to calculate AMDR/CS, swept width and POD. 

Methodology 

A mixed research methodology will bring deductive and inductive data 

together. Semi structured interviews will be conducted with MRT members, 

military UAV operators, civilian micro UAV operators, this, to gather primary 

source information from qualified personnel. Search techniques will be 

analysed in order to consider whether or not those currently in use will be 

applicable to UAV Land Search. Information gathered from current MRT 

specialists will be utilised in order to plan and complete a practical 

experiment. Whilst it is hoped to conduct primary research with Eagle Eye 

Innovations (EEI) by way of field experiments, there is a possibility that the 

time allocated towards this study may not allow for this level of research; it 

must be noted that the author will be reliant upon EEI to provide the time and 

equipment, funding is not available for this project. 



How suitable is a UAV for UK land Search and 
Rescue? 

 2015

 

STAFFORDSHIRE UNIVERSITY Page 15 
 

Missing Person Behaviour  

Syrotuck W (1976) instigated the study of missing person behaviour, “A lost 

person capable of going 3 miles in any direction creates a search pattern 

covering up to 28 Sq miles”. Arguing this would take “264 searchers 12 days” 

and in order to “increase probability of success” the “known behaviour” should 

be taken into account. Missing person behaviour is the start point of all 

enquiries. It encompasses the basic details of the casualty such as age range 

and gender and includes details about the nature of the situation at the Last 

Known Point (LKP).  

 

“By analysing the behavior of past lost persons in similar situations, it may be 

possible to “predict” what the subject now being sought might do, where 

he/she might go, or where he/she might be”. 

 

Perkins, D and Roberts, P (2003) 

 

Missing persons are divided into categories, previous behaviour patterns have 

been defined, and these are applied to the scenario in order to assist with 

search tactics. Included in Figure 7 from the UK Missing Person Behaviour 

Study, Perkins, D; Roberts, P (2011), highlights the number of missing 

persons within each category; the number of incidents appears to have 

increased by more than double between 2004 and 2011; UK Teams have 

provided a greater amount of incident data, increasing the number of cases 

available to study and therefore improving the quality of data. Previous 

information regarding behaviour was gathered from incidents in North 

America and Canada. Perkins D, Roberts, P (2005). When considering 

whether or not a UAV might be useful to search within each category, the type 

of casualty, expected behaviour and terrain must be carefully considered. In 

order to closely examine UK missing person behaviour, this section will 

investigate 4 main groups based on UK studies: Children, dementia, 

despondent and walkers. 
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Missing Children 

Gibb, G; Woolnough, P (2007) provide 5 categories of missing children, each 

age category has set criteria based on previous evidence; for example 99% of 

1 to 4 year olds are located within 196 minutes, 98% of them within 1.2 km of 

LKP, 58% located playing in the street and 15% at the home address. For the 

other 4 categories of children the statistics are similar, the main difference 

being that with an increase in age, distance found and time taken to locate 

increases. Perkins, D et al (2011) have amended children into one group age 

1-16, stating that there is little difference in behaviour.  

Dementia 

Gibb, G; Woolnough, P (2007) describe dementia sufferers as “goal-driven” 

wanderers, sometimes purposefully looking for something or somewhere, 

stating that in order to locate a dementia sufferer, one’s background must be 

carefully considered. The majority of dementia sufferers are located at a 

known address, friend or relative, hospital, police station; 99% of males are 

found within 12km and 99% females within 44km. Koester, R, I and 

Stooksbury D E (1992) report based on 5 years of data in Virginia, USA that 

the majority of dementia sufferers are found within 1km of LKP and within 

thick brush or drainage ditches. This differs from Perkins et al (2011) UK 

study that includes a comparison of urban missing sufferers with those 

Figure 7: Missing Person Categories 
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missing from farmland. A difference in male and female behaviour was noted 

for subjects missing from farmland in which 42% female and 29% male were 

located on travel aid with 26% female and 20% male located within a building. 

90% of all subjects were located within 8.8km of the LKP. 

Despondent 

Can be described as depressant and, or suicidal of which both behaviour’s 

are discussed in detail by Gibb G and Woolnough (2007); depressants usually 

require time alone to think and may be found wandering, 80% travel up to 

9km from LKP, some in places of comfort to them. The searcher must decide 

whether or not the missing person is within the suicidal category, this based 

on evidence provided by close friends or relatives. Gibb and Woolnough 

(2007) produced tables based on age and sex which detail the most likely 

path to suicide, of significance are those casualties that are noted to have 

travelled by car; of those females 99% are found within 900m of the vehicle 

and males 99% within 1400m. Perkins D et al (2002) analysed 129 UK 

despondent cases, finding 48 (38%) fatal, 25 (19%) of the 129 cases were 

found at a water’s edge, 6% in open ground and 40% within 

buildings/shelter/wooded areas. These figures match previous UK reports in 

percentage although the UK database is relatively immature; data sets will 

become more reliable as the database increases. 

 

Missing Walker 

Syrotuck (1976) described walkers as being reliant upon trails generally 

becoming lost when the trail changed direction, this group travel further than 

any other and will attempt to get back on track. They tend to follow the lines of 

least resistance and may seek shelter. Perkins et al (2003) discovered that of 

72 UK cases, 100% were located within 25.3km of LKP, 33% in open ground, 

24% on a track and 11% sought shelter. These statistics are similar in the 

2011 UK study in which Perkins et al highlight the results of 201 lost walkers.  

38% located in open ground, 24.8% on travel aid and 23.8% within a building. 

The fatality rate in this case is 11%. 

  



How suitable is a UAV for UK land Search and 
Rescue? 

 2015

 

STAFFORDSHIRE UNIVERSITY Page 18 
 

Micro UAVs in Service 

 
UAVs are becoming more prevalent in everyday life ranging from High 

Altitude Long Endurance (HALE) military operated machines such as Global 

Hawk, to civilian operated Micro UAVs, pictured below is the MD4-1000 

quadrocopter Figure 8.  UAVs have been in use since early in the 19th 

century; in 1849 the Austrians attacked Venice with armed aerial balloons 

during the Italian Wars of Unification and UK photographer, Douglas 

Archibald, utilised kites for low altitude photography during highly successful 

reconnaissance missions in 1883. Goulter; C,J,M (2007).  

 

 

 
 

 
 

 
 

 
 

 

 
 

 
The UAV market is growing rapidly; Frost and Sullivan (2007) predicted that 

the civilian UAV sector markets would occur in a similar format to that listed 

below in Figure 9. Many of the roles mentioned here are being dealt with 

using UAVS’s already. 

 

 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 8: MD4-1000 Quadrocopter 

Figure 9: Civilian UAV sector 
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The UK Military purchased the 1kg Black Hornet micro UAV, utilised 

effectively as a Force Protection (FP) tool on the front line in Afghanistan. 

Dunne P (2013).  Dr Stephen Prior, Southampton University, argues that 

Micro Air Vehicles (MAV) are becoming “cheaper, faster and more capable”, 

also that technology is becoming more affordable; using the example of Black 

Hornet, he states that the MAV has an advantage over large UAVs such as 

Reaper because it can be tasked in “a matter of seconds”. Excell J (2013). 

Quaritsch et al (2008) argue that UAVs provide the operator with increased 

area coverage utilising less resource, stating that low altitude operations 

provide good resolution pictures and off-line data analysis reduces the 

bandwidth requirement. 

 

Canada has already proven that UAVs are capable of locating casualties 

utilising Infra-Red (IR) cameras. Coyle M (2013) believes there are still 

hurdles to overcome such as airspace regulations, range and altitude issues. 

In his blog he argues that he is not in favour of the unregulated use of UAVs 

within the search area due to the risk involved with helicopters operating 

nearby but maintains that UAVs are being considered in SAR. 

 

“We’re finding a general sense of acceptance, and a realisation that the 

capabilities of the UAV could go a long way towards reducing SAR costs.” 

Coyle (2014) 

 

Wolfe at al (2014) conducted tests utilising 4G LTE signals and UAVs to 

demonstrate that the technology is capable of locating buried avalanche 

victims. The scene of an avalanche is a highly dangerous area in which 

searching for casualty’s leaves the rescuer in danger. [author] Aerialtronics 

(2015) have been successfully testing the Altura Zenith in Norway at 1200m 

proving its capabilities in harsh winter -15 degrees conditions picture below in 

Figure 10. Aerialtronics argue that in order to be successful all team members 

must be highly trained and hand-picked to work together.  

 

 



How suitable is a UAV for UK land Search and 
Rescue? 

 2015

 

STAFFORDSHIRE UNIVERSITY Page 20 
 

 
New Zealand climber Guy Cotter plans to use UAVs to conduct initial 

surveillance in order to identify the safest route through the Khumba Icefall; no 

further details have been released at this time. Kaye (2015). 

 

One argument against the use of UAVs in SAR is the lack of capability at 

range due to communication and airspace issues. UAVs are capable of 

operating Beyond Line of Sight (BLOS); the German company Microdrones 

GmbH flew the md4-1000, 12 km, autonomously, through the Alps from 

Switzerland to Italy via the Gothard Pass in a 25-minute flight. Although 

successful, months of planning had to be carried out in order to program the 

route with 18 waypoints; all obstacles were documented and mapped. The 

snow and weather conditions had been underestimated on the day, the flight 

path was successfully corrected whilst en-route. UAS Vision (2014). DHL is 

conducting an experiment in which emergency medication is transported from 

main land Germany, to the Isle of Juist in the North Sea. The autonomous 

UAV is optimised for flight duration of 12 km in 45 minutes; a Restricted Flight 

Area is established with German Air Traffic, a pilot monitors the UAV during 

flight. Kuhlmann D (2014) 

 

In June 2014 project ICARUS deployed unmanned systems to the Balkans on 

flood relief operations. Of note is the UAV team, which deployed to 13 

locations over a 2-week period into areas that were dangerous for rescue 

teams due to land mines. The team assisted with locating areas for 

installation of water pumps; detecting breaches in Dykes and mapping the 

area. The B-FAST SAR Team stated that a 2-hour UAV aerial assessment 

saved the team 3 days. Cubber et al (2014).  

 

Figure 10: UAV SAR Testing in Norway 
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UAVs came into service with the Warwickshire Fire Service in 2007 following 

the death of four firefighters in a major warehouse fire. The business case 

argued UAVs could be utilised in many roles including command and control, 

intelligence gathering, flooding, urban SAR and hazard identification. One 

example of its use since was at a fire in a residential college (2008) in which a 

thermal imager was utilised to detect an unknown heat source in the roof 

enabling the crews to correctly tackle the fire. It has been further utilised to 

search for a missing child near a frozen lake. The UAV, an MD4-200 has 

difficulty operating in winds above 12mph; the service flight-tested a new 

heavier model. Mika P (2009) 

 

MRT Current Equipment Capabilities 

 
Teams have formulated different approaches to cover search areas in the 

least amount of time. Generally high probability areas are first searched 

utilising air support and dog teams in order to ensure the scent of the 

searcher does not interfere with the casualty scent. An important asset is the 

new Bristow’s S92 Sikorsky helicopter, which is currently being integrated into 

UK SAR, (Figure 11)  taking over from 30 years of the RAF Seaking 

helicopter. Robinson J (2015). 

 

 

 

 

Braemar MRT (2015) utilise Kassbohrer personnel carriers and ski bikes. 

MRT personnel are provided with personal radios; remote teams such as 

Glencoe have radio repeaters for improved range and satellite phones. 

Glencoe MRT (2015). RAF MRT has mountain bikes available (summer) and 

cross-country skis (winter). Technology is advancing rapidly particularly in the 

area of lightweight equipment, from crampons and ice axes to lightweight 

clothing, allowing team members to progress smoothly through difficult 

Figure 11: Bristow’s S92 Helicopter 
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ground. Teams are equipped with Global Positioning Systems (GPS) that 

track each footstep and can be downloaded onto a laptop in order to ascertain 

exactly which areas have been covered. Satellite communications allow Team 

Leaders to communicate with team members in remote areas. Many UK 

teams have now signed up to SARCALL, this system enables all agencies 

involved to maintain an up to date and accurate single incident log increasing 

overall awareness of the search operation. Teams can contact team members 

through text messaging as well as maintaining an up to date log of which 

assets are available at any time reducing delays to search planning. 

SARCALL (2015). 

 

Personal Locator Beacons (PLB) have been made available legally for use in 

a land scenario, with the aim of providing timely, accurate information about 

the location of the person activating it. It utilises the COSPAS-SARSAT 

system, a system of satellites orbiting the earth listening for the distress call 

on the 406 MHz frequency. Mountain Safety (2015). The author was involved 

directly with the first UK Land PLB incident in which 2 French walkers became 

disorientated in poor weather on the Isle of Skye, NW Scotland. The UK 

Mission Control Centre (MCC) detected and fixed the beacon enabling the 

ARCC to launch the rescue helicopter within minutes of the distress call. The 

weather was too poor to reach the casualties; Skye MRT mobilised a fast 

party, able to make the casualty location within an hour of the distress call. 

Fast Find (2013). Disadvantages of the use of PLB’s include difficulty in 

contacting the emergency Point of Contact if there is lack of registration 

details and the possibility of “erroneous or frivolous use” leading to false 

alarms. Making a joint statement the lead police officers involved with the 

project addressed the use of PLB’s positively:  

 

“if we can take advantage of today’s technology to help manage and minimize 

the risk to rescuers and help speed up the whole rescue process, in an 

emergency, there is no doubt we can save lives that might otherwise be lost” 

 

Dep Chf Constable Andy Cowie (Scottish Lead) 

Dep Chf Constable Ian Shannon (England and Wales Lead) 

 

Bailey D (2012) 

 

Hore et al (2012) designed SARLOC, a system that is able to map phone 

location based upon the casualty entering a web address into their phone. It 

requires an Internet signal and charged phone battery. This system has been 

proven in incidents in Snowdonia, The Brecon Beacons and The Lake District. 

Hore (2012). This relies on the casualty being conscious.  
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Search Manager Questionnaires 

 

Jim Fraser (2015) of Killin MRT argues intelligence is one of the most 

important factors for locating a casualty. The use of UAVs for UK Land SAR is 

a contentious issue, Swombow (2015) argues that as a Search Manager he is 

willing to utilise any asset that could aid him in locating the casualty at the 

earliest opportunity, there are however issues with privacy that need to be 

considered, this is outside of the scope of this study. He believes UAVs have 

a role to play in Land SAR, the technology should be considered carefully in 

order to utilise it correctly. There are many ways in which it could aid a Land 

Search, as an example, a team could utilise the UAV within the high priority 

area whilst searching the ground with dog teams. Swombow firmly believes 

there is the future possibility of attaching equipment to the UAV, as an 

example, a radio for the casualty in a poor communications scenario or in 

providing a defibrillator to a heart attack victim; that in itself brings further 

questions to whether or not an untrained party member could provide 

assistance whilst being talked through the procedure by a trained person on 

the radio.  Bryers K (2015) of Dundonnell MRT argues that UAVs could be 

useful to the team in order to minimize the time the casualty is laying out on 

the hill, allowing huge areas to be searched in a short amount of time in calm 

conditions. His concern is of deconfliction with SAR helicopters, UAV cost with 

restricted funding, the amount of searches that are conducted in poor 

weather, the possibility of UAV operations overtaking other important factors 

within the search, loss of UAV control requiring a further search and the 

technology becoming obsolete very quickly with the fast pace of the 

technology industry.  

 

Civil Aviation Authority (CAA) 
Regulations 

 
Many people believe that UAVs are held back by legislation and face 

difficulties operating within UK airspace therefore making them a poor asset to 

carry out SAR duties. Haddon and Whittaker (2004) argued that civil UAVs 

would face difficulty with regard to integration and routine operations, in 
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particular sense and avoid from other airspace users, claiming that until 

solutions could be provided, UAVs would remain segregated from other 

airspace users. Many changes have taken place within the last five years 

allowing UAVs to operate freely within the UK. Sion Roberts, director of Eagle 

Eye Innovations (EEI) argues the CAA is one of the most “pragmatic and 

forward thinking” agencies in the world, as an example and quoting the CAP 

722 6th edition (2015), UAV operators can fly sub 7Kg vehicles in congested 

airspace to within 50m of persons or buildings without informing the CAA, 

providing adherence to the rules. If the requirement is out-with the rules, 

exemption requests can be made through the CAA. EEI has the permissions 

required to conduct Aerial Work, quoted as ID number 706 of 597 operators 

listed on the CAA Website (2015). Staffordshire, Merseyside and Essex 

Police are some other UK agencies with permission to operate UAVs in the 

UK. Hopkins (2013).  

 

Recommendations have been introduced to provide protection to people and 

property not directly involved in UAV operations, although demo and practice 

flights do not require permission; overall the intent is to ensure that work can 

be carried out without CAA input. Article 166 CAA (2015b) requires operators 

of small UAVs used for “aerial work” and data acquisition to gain CAA 

permission; aerial work is any type of work conducted with valuable gain to 

those involved. CAA (2015a). Work is to be conducted in accordance with 

Article166, the person in charge: 

 

 “Must maintain direct, unaided visual contact with the aircraft sufficient to 

monitor its flight path in relation to other aircraft, persons, vehicles and 

structures for the purpose of avoiding collisions”. 

 

The CAA is keen to ensure the rules are adhered to and those operating 

outside of them are dealt with. In April 2014 Robert Knowles became the first 

subject of a successful UK prosecution for flying his UAV in breach of the 

regulations 167 of the Air Navigation Order (2009), flying his aircraft within 

50m of the Jubilee Bridge and through Restricted Airspace around a 

submarine facility “Flying over a Nuclear Installation Regulation 3(2) of the Air 

Navigation Regulations (2007). CAA (2014). 

 

Article 166 describe rules for UAVs with a mass of greater than 7Kg, in which 

aircraft are not permitted to fly in Class A, C, D or E airspace, within an 

Aerodrome Traffic Zone (ATZ) and above 400ft Above Ground Level (AGL).  

 

Article 167 CAA (2015b) provides rules for Small Unmanned Surveillance 

Aircraft (SUSA), which requires CAA permission to operate out-with that listed 
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below. A SUSA is described as an aircraft equipped to undertake any form of 

data or surveillance acquisition and: 

 

- must not fly over or within 150m of any congested area 

- within 50m of any vessel vehicle or structure not under control of person 

in charge 

- over or within 150m of an organised open air assembly of 1000 people 

plus 

- take-off and landing not within 30m of personnel, not including the pilot or 

persons under control of the pilot 

 

In terms of ensuring the safety of all airspace users during a land search Sion 

Roberts argues that although not required, it is good airmanship to speak with 

local Air Traffic Agencies before launching and within busy airspace there is 

the option of a Notice to Airman (NOTAM) which could highlight UAV 

operations to all airspace users. This information is not available to crews 

already airborne when airspace is being established. Clive Swombow (2015) 

argues his main concern is UAV operating altitudes of up to 500ft AGL in an 

area that contains military aircraft flying at 300ft; he is keen that there should 

be good cooperation between search managers and local ATC agencies. 

 

Communications  

A Line of Sight (LOS) LightBridge is used as a link between a UAV and its 

Pilot. LightBridge allows the UAV crew to stream HD video and live flight data 

including speed, GPS heading, altitude, and battery information. MyFirstDrone 

(2015). The operating frequency is 2.4 Gb and 5.8 Gb, the carrier wave hops 

on 6 channels, allowing the operator to fly more than 1 aircraft at the same 

time. The light bridge is a low power level and does not affect any other users; 

these operations are cleared with OFCOM. Roberts (2015). Section 5 of the 

CAP 722 states: “There are no specific frequencies allocated for use by UAS 

in the UK. However, the most commonly found are 35 MHz, 2.4 GHz and 5.8 

GHz.” Cap 722 further discusses the use of these frequencies with a common 

sense approach alluding to the fact that operations should not occur in any 

area where it is thought the use of the frequency band will interfere with any 

other systems. A communications infrastructure is already in place with the 

3g/4g satellite network, allowing the feed to be pushed real-time in the same 

way that photos and videos are uploaded to You Tube from a mobile phone. 

In a remote area such as the Scottish hills the feed would remain solely with 
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the UAV operator using the LOS Lightbridge; a requirement to push the feed 

forward would require a satellite link. UAV crews have been operating in 

Nepal, filming the disaster zone after the 2015 earthquake using a small 

satellite dish to push the feed, easy to set up and good for remote areas, 

Roberts argues this could be an option for Scottish SAR.  Roberts (2015) 

Another example of this is in Norway where Aerialtronics (2015) have been 

using a satellite dish with high speed internet allowing up to 6 Mbits/s at a cost 

of less than €200 per month (Figure 12). To put this into context Randy (2014) 

argues the minimum requirement for streaming on Netflix is 0.5 Mbits/s but it 

is recommended a broadband connection of at least 5Mbits/s to stream HD 

video.  

 

 

  Figure 12: Aerialtronics conducting SAR testing in Norway 
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Experiment 

 
Robe Q and Frost JR (2002) designed an experiment to determine effective 

sweep width in a land search environment it involved working out AMDR and 

from that placing objects on the ground in order to determine Swept Width. 

The intention of this chapter is to develop the findings of the experiment into a 

procedure that may be utilised with micro UAVs. An experiment will be 

conducted in a benign environment in which most factors can be controlled, 

and from this, results will be directly compared to those already in use by land 

search teams. The above outlined theory is central to experiment design. 

 

A test area has been selected as a representative rural search area; a 3-acre 

field that may be used with the landowners permission.  The intention is to 

conduct the experiment during the day allowing for plenty of light and time to 

complete the air tests. The use of low light search will be outside of the scope 

of this research. Selection of search objects are described in the experiment 

devised by Robe and Frost (2002) and should bear a likeness close to actual 

objects. This set of tests will use low, medium and highly visual human size 

objects. In this case the objects will not respond to UAV or human interaction, 

this is the worst-case scenario for locating an unconscious casualty. 

 

Swombow (2015) suggested that in order to utilise a UAV for Land SAR the 

Swept Width value should equal the AMDR value, Perkins (2015) suggested 

an experiment for CS in which the aircraft is flown away from the object until 

no longer visible, the range at which the object is no longer visible is 

described as Critical Distance. From the author’s previous experience in a 

long range airborne SAR environment, a Nimrod Maritime Patrol Crew would 

find a like sized object and fly towards it until it was visually detected in order 

to determine AMDR and use that value as Swept Width. It is therefore 

considered that this tactic should be applied to UAV detection in order to 

provide the most accurate data. 

 

UAV sweep width values will be compared with ground detection values in 

order to establish whether or not UAV operations would provide greater 

detection opportunities; ground AMDR will be calculated on each object using 

a similar technique set out below in Figure 13. Robe Q and Frost JR (2002) 
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AMDR Ground Experiment: 

 
Determine for each object type: 
1.Place object on the ground at a representative area 
2.Walk away until object is lost from sight. Out of sight of the object travel 
clockwise through an angle of 45 degrees and approach the search object 
until sighted. Record distance. 
3.Repeat process around the points of the compass every 45 degrees. 
4.Repeat until finished. 
5.Select greatest AMDR for use in search area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The average of distance for initial detection will be calculated, extinguish 

range will not be calculated, this will provide an average detect range from a 

ground searcher point of view.  

 

  

Figure 13: Ground AMDR Technique 
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UAV AMDR 

UAV AMDR will be determined by flying the aircraft around the object in a 

circular pattern, distance will be measured as ground range and from each 

direction plotted, and AMDR will be calculated by taking an average of the 

maximum detection. The detect range is the range to be measured, for 

example, the aircraft will be flown away from the object until undetectable, the 

detect range is the range at which the UAV crew first detects the object. The 

experiment will be repeated at a number of heights and a comparison of 

AMDR made at each.   

 

Equipment 

Hardware 
 
1 x Micro UAV – Inspire 
1 x Optical Camera 
2 x Batteries 
1 x Ipad Mini with ios 8.4 
1 x iphone with ios 8.4 
2 x UAV Controllers 
 
 

 

  
  
Figure14: Inspire UAV and protective 
casing 

Figure 15: Ground Control Station 
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Micro UAV Inspire 1 
 
The Inspire 1 is a quadrocopter advertised as having the capability to capture 

4k video, able to transmit to multiple devices at 24-30 frames per second (fps) 

or at 1080 at 24-60 fps. The camera is 12 Megapixel with a 94 degrees wide 

angle Field of View (FOV). It weighs 2935g plus 570g per battery. The gimbal 

is a 3 axis rotary providing a stable platform. Real time feed can be 

downlinked to a mobile device in 720 HD and video can be transmitted p to 

2km away. Max speed 22 meters per second. The Lightbridge transmits on 

2.4 and 5.7 GHz. Flight environment requirements state that the UAV is not to 

be flown in severe weather of wind speed not exceeding CAT 4, snow, rain or 

smog. Wellbots.com (2015) Wind speed of CAT 4 is 130-156 mph National 

Hurricane Centre (2015). 

 

Software 
 

DGI Go 

Flight Records - This will enable the Search Manager to plot exactly which 

areas have been covered, this can be played back slow time with the video 

linked in. 

 

Sky Demon 

 Flight planning tool for route creation and airspace restrictions 

 

Weather App 

windyty.com for all weather information including pressure settings, cloud and 

up to date actual weather. 

 

Further Equipment 
 
1 x Bright Red Bivvy Bag (High Vis Casualty) 
1 x Black Bivvy Bag (Low Vis Casualty) 
1 x Blue Jacket (Medium Vis Casualty) 
1 x Tape Measure 
1 x Clip Board, Pen and Paper 
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 Discussion and Results 

Missing Person Behaviour 

 
By looking at behaviour it may be possible to predict where the casualty might 

be, the UK has been gathering data since 2004 and the US since 1976. With 

regard to missing children 98% were found within 1.2km of the last known 

point, UK statistics now put all children into one group with little difference 

noted in behaviour exhibited within different age groups. Despondents can be 

described as depressant and, or suicidal. Depressants require time alone to 

think and may be found wandering, 80% travel up to 9km from LKP, some in 

places of comfort to them. Of suicidal UK casualties travelling by car, 99% of 

females are found within 900m of the vehicle and males 99% within 1400m. 

Of 129 cases 19% were located at a water’s edge and only 6% in open 

ground; the rest would potentially not be identifiable by UAV. Walkers are 

reliant upon trails, this group travel further than any other group, tend to follow 

lines of least resistance and may seek shelter. Perkins et al highlight the 

results of 201 lost walkers with 38% located in open ground, 24.8% on travel 

aid and 23.8% within a building.  

 

UAVs in use 

 

UAVs are becoming more prevalent in use with many different organisations. 

MAVs are becoming “cheaper, faster and more capable”. The Black Hornet 

micro UAV was effectively used as a FP tool on the front line in Afghanistan. 

Canada has proven that UAVs are capable of locating casualties utilising IR 

cameras. There are still hurdles to overcome such as airspace regulations, 

range and altitude issues. Tests using 4G LTE signals and UAVs 

demonstrated that the technology is capable of locating buried avalanche 

victims. Aerialtronics have been successfully testing the Altura Zenith in 

Norway at 1200m proving its capabilities in harsh winter -15 degrees 

conditions proving that UAVs are highly capable in all environments. 

Microdrones GmbH flew the md4-1000, 12 km, autonomously, through the 

Alps from Switzerland to Italy. Although successful, months of planning had to 

be carried out in order to program the route; it is possible that this could be 

flown real time with a satellite link, saving the need of detailed planning. DHL 

are successfully transporting emergency medication from main land Germany, 
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to the Isle of Juist in a 12 km flight supported by German ATC with Restricted 

Airspace. Project ICARUS proved highly effective whilst deployed to the 

Balkans on flood relief operations, a 2-hour UAV aerial assessment saved the 

team 3 days. The Warwickshire Fire Service used a UAV to detect an 

unknown heat source in a residential college fire, enabling the crews to 

correctly tackle the fire as well as using it to search for a missing child.  

 

MRT Equipment 

 

Teams have formulated different approaches to cover search areas in the 

least amount of time. Generally high probability areas are first searched 

utilising air support and dog teams in order to ensure the scent of the 

searcher does not interfere with the casualty scent. An important asset is the 

new Bristow’s S92 Sikorsky helicopter. Equipment such as personnel carriers, 

ski bikes, mountain bikes and skis are used to make the best speed on the 

hill. MRT personnel are provided with personal radios; remote teams such as 

Glencoe have radio repeaters for improved range and satellite phones. 

Technology is advancing rapidly particularly in the area of lightweight 

equipment, from crampons and ice axes to lightweight clothing, allowing team 

members to progress smoothly through difficult ground. Teams are equipped 

with GPS tracking to ascertain exactly which areas have been covered. Many 

UK teams have now signed up to SARCALL, this system enables all agencies 

involved to maintain an up to date and accurate single incident log increasing 

overall awareness of the search operation. Teams can contact team members 

through text messaging as well as maintaining an up to date log of which 

assets are available at any time reducing delays to search planning. PLB’s 

have been made available legally for use in a land scenario, with the aim of 

providing timely, accurate information about the location of the person 

activating it. Disadvantages of the use of PLB’s include difficulty in contacting 

the emergency Point of Contact if there is lack of registration details and the 

possibility of “erroneous or frivolous use” leading to false alarms. SARLOC is 

a system that is able to map phone location based upon the casualty entering 

a web address into their phone. It requires an Internet signal and charged 

phone battery but has been proven in incidents in Snowdonia, The Brecon 

Beacons and The Lake District. Team members are equipped with avalanche 

transceivers, used not only to locate a casualty buried in the snow but also as 

a safety measure for further avalanche activity during the search. Some 

teams are already trialing the use of UAVs in a mountain scenario. 

Technology is moving forward at a fast rate, all of this is helpful in a remote 

search situation. 
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CAA 

 

It has been argued that UAVs would face difficulty with regard to integration 

and routine operations, in particular sense and avoid from other airspace 

users, remaining segregated from other airspace users. Many changes have 

taken place within the last five years allowing UAVs to operate freely within 

the UK. Sub 7Kg vehicles can be flown in congested airspace to within 50m of 

persons or buildings without informing the CAA. 597 operators are listed on 

the CAA Website. The intent is to ensure that work can be carried out without 

CAA input although work is to be conducted in accordance with Article166. 

Operators flying out with the rules have already been prosecuted. UAVs with 

a mass of greater than 7Kg are not permitted to fly in Class A, C, D or E 

airspace, within an ATZ and above 400ft AGL, in the case of UK SAR it is not 

believed at this time that there is a requirement to use air vehicles with a 

mass of greater than 7Kg. SUAS will not fly within 150m of a congested area, 

within 50m of any vehicle and 30m of personnel during take-off and landing, 

these rules will have to be carefully considered during a search but as long as 

the search manager is aware of the restrictions he or she can plan 

accordingly. Although not required, it is good airmanship to speak with local 

Air Traffic Agencies before launching and within busy airspace there is the 

option of a NOTAM, which will highlight UAV operations to all airspace users. 

With operating altitudes of up to 400ft AGL in an area that contains military 

aircraft flying at 300ft, there should be good cooperation between search 

managers and local ATC agencies. 

 

Communications 

A LOS LightBridge is used as a link between a UAV and its Pilot, allowing the 

UAV crew to stream HD video and live flight data including speed, GPS 

heading, altitude, and battery information. The operating frequency is 2.4 Gb 

and 5.8 Gb is a free channel not used solely for UAVs but is available. The 

3g/4g satellite network, allows the feed to be pushed real-time in the same 

way that photos and videos are uploaded to You Tube from a mobile phone. 

In a remote area such as the Scottish hills the feed would remain solely with 

the UAV operator using the LOS LightBridge; a requirement to push the feed 

forward is a satellite link. UAV crews have been operating in Nepal, 

Aerialtronics have been using a satellite dish with high speed internet allowing 

up to 6 Mbits/s at a cost of less than €200 per month.  
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Experiment Discussion and Results 

 
 

 

 

Objectives 

 

To design and conduct an experiment that could be used to determine UAV 

AMDR/CS and Swept Width. 

 

On the 25 September and 14 October 2015 flight tests were conducted in 

order to find a procedure to determine AMDR using a UAV. Experimental 

Data was taken over 2 days, each day with different conditions (Annex G). 

The first day in September was a still day with perfect conditions, nil wind, 

blue sky, temperature 15 degrees, initial testing was carried out but with little 

time available only high visual experiments were conducted. The second day 

of testing was carried out mid-October, a cloudy day with a NE wind 

averaging 12 Knots and temperature 9 degrees. The results included here are 

based on the second day of testing. 

 
  

Figure 14: Sion Roberts setting up for the 
UAV flight tests 
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Venue 

 
 
Oakhill Leisure Caravan Site, Swinderby, Lincoln 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Vegetation and Terrain 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There is nil vegetation at the test site and the ground is flat throughout. 
 

Figure 15: Oakhill Leisure field satellite image 

Figure 16: The test site 
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Description of Experiment 

 
Each of the three objects were placed at the centre of the experiment location, 
the ground AMDR was determined followed by UAV flight-testing as described 
in the previous chapter. 
 

Participants 

 
Sion Roberts - Director of Eagle Eye Innovations - UAV Pilot 
Tina Hartnell - Report Author – UAV Sensor Operator 
 

Search Object Descriptions 

Highly Visual Object 
 

  

Figure 17: Highly Visual Object 
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Medium Visual Object 

 

 

 

 

 

 

 

 

 

 

Low Visual Object  

Figure 18: Medium Visual Object 

Figure 19: Low Visual Object 
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Ground AMDR Calculations 

 
The initial AMDR measurements were carried out on each object, 8 points 
around each with detection distance noted and averaged as per the graph 
below in Figure 20. The graph shows AMDR of the Low visual casualty as 
80m, medium 80m and high 115m. It is worth noting that the ground used for 
this test is a purely flat field with nil vegetation, a tree and pile of rubble 
reduced the detect range at point 6. This is representative of good conditions 
for a ground searcher.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Below are the results for the UAV detection trials taken on October14 2015; 
distances were taken by flying a circle around the objects, moving towards 
until detected, an average taken at each height AGL in meters, (vertical axis), 
Figure 21 shows that average low visual casualty detect range at 100m in 
AGL is 100m.  

Figure 20: Graph showing AMDR Values 

Figure 21: Graph showing detection range of Low Visual Object 
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Figure 22 below shows that the medium visual casualty has a similar 
detection range of 60m at each height tested 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23 shows the high visual detection range of up to 115m when 
operating at around 100m AGL. 

  

Figure 22: Graph showing detection range for Medium 
Visual Object 

Figure 23: Graph showing detection range for High Visual 
Object 
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It is interesting to note the findings of the initial testing carried out in excellent 

weather conditions in September, the sun was high and detection was 

recorded out to 150m at 100m AGL on the highly visual object. The cloudy 

conditions on the 14 October reduced the detect range considerably. Also of 

interest is the difference between the low visual casualty and the medium, in 

which the colour of the object is not necessarily as important as the shape 

that it made on the ground. In this case the results of the low visual object 

maintained a higher detection range than the medium object. 

Point of Interest 
 

A Point of Interest (Figure 24) can be placed during an initial sighting of a 

casualty; the aircraft flew a constant circle around the point of interest in order 

to investigate it, at this point the aircraft could be taken to a lower altitude to 

investigate if unable to gain enough information from height. The UAV pilot is 

able to set the aircraft up to follow him through a search area meaning that 

the area could be searched ahead effectively without stopping to relocate the 

air vehicle. Power lines should be a consideration if planning a set search 

route. Waypoints can be added into the planning tool in order to allow the 

correct distance settings for accurate swept width measurements, this would 

enable a full record of area searched available to the search manager post 

flight. 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

  

Figure 24: Point of Interest 
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Experiment Discussion 

The experiment results show that with an increase in height, the detection 

opportunity increases. Each object has shown that is has a slightly different 

detection values. The selection of Low and Medium visual objects may not 

have been representative of low and medium in a real life scenario but the 

results make the point that in order to ensure correct detection figures, a 

detection experiment must be carried out for every casualty and in the 

representative type of terrain. Cloudy skies have been found to be a limiting 

factor to which the detect experiment will provide the correct figures to the 

search manager. A change in weather conditions should trigger a further 

detection experiment. It is important to note that the experiments were 

conducted with the objects on the nose of the UAV therefore providing the 

greatest chance of detection. As the height AGL increases, the FOV size 

increases, this should provide increased coverage of the area.  

 

AMDR versus CS 
 
Swept Width could be calculated as AMDR, this would provide a good level of 

detection opportunity, and in this case for the high visual casualty the AMDR 

value is 115m, with a Swept Width of 115m, the UAV would fly with a 58m 

FOV either side allowing excellent detection opportunities. 

 

CS is also considered here, with AMDR of 115m; the UAV would fly with 

115m FOV each side. The concern is whether or not in this case a 94 degree 

FOV would allow sufficient detection opportunities. Technology is improving 

constantly; as lens angle improves CS will become more effective. 

 

There is a case to consider a mix of AMDR and CS, a 60m FOV will provide a 

120m Swept Width with excellent detection opportunities however, time is 

highly important when trying to locate a casualty, it would be plausible to 

consider increasing the Sweep Width enough to provide good detection 

opportunities but without reducing the possibility of detecting in the first place. 

As a starting figure using three quarters of the CS value on each side could 

be middle ground, for example with a CS of 120m, the UAV would look out to 

90m either side. 

 

Ground AMDR versus UAV AMDR 
 

There is not a lot of difference in the values of ground AMDR and UAV 

AMDR; the experiments were conducted on flat ground with nil vegetation. 
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There is a possibility that the UAV may not provide a great advantage within 

this kind of environment. It should be considered to get a quick aerial over 

view for the search manager and maybe an overall sweep of the whole area, 

in the same way that a hasty search is conducted at the beginning of any 

major search. There is scope for advantages when the ground becomes 

difficult to search with obstacles reducing ground detection range that will not 

result in any difference in UAV detection range.  

 

Possible UAV Applications 
 

High probability areas being searched by dog teams would benefit from a 

UAV search, negating searchers from destroying the casualty scent. 

Applications have shown UAVs to be highly effective within an avalanche area 

where the ground is not particularly safe for ground searchers. There is the 

case of searching difficult and dangerous ground that also needs to be 

searched particularly if the casualty has slipped on steep ground and is 

inaccessible without the use of climbing equipment, a UAV could search this 

ground and if required work closely with helicopter crews calling them onto the 

required location. It is even possible for the helicopter crew to have a down 

link of the video feed within their aircraft. 

 

POD 
 

Looking at the Math’s will provide an idea about whether or not UAVs would 

be plausible for increasing the POD within a given area. 

 

Effort = Distance x No. of Searchers 

UAV = Distance Flown (Measured using DGI Go). A UAV can cover ground at 

22 m/s if required although this is not conducive to searching effectively. 1 

UAV can search the same area of ground as a number of searchers, leaving 

ground searchers to look into other areas. 

  

Area effectively Swept = Effort (Distance Flown) x Effective Sweep Width 

 

The key to increasing the POD is to ensure that the Effective Sweep Width 

values are increased. In this case a tree and a pile of rubble reduced the 

ground AMDR significantly in certain aspects, this did not have any effect on 

the UAV AMDR values, and the effective sweep width was therefore 

increased in the airborne environment. 
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Battery Life 
 
During this experiment batteries lasted between 12 and 25 minutes, higher 
wind speed was found to reduce battery life significantly. Bryer’s of 
Dundonnell MRT is concerned that any loss of a UAV would tie resources into 
searching for and locating that UAV. During flight trials the crew encountered 
a catastrophic battery failure; the aircraft established its emergency mission 
and landed safely, the battery was changed and testing continued 
immediately. The UAV can be programmed with a ‘home point’, to which at 
any stage if the Pilot takes hands off of the link is lost between crew and UAV, 
it will fly itself back to the home point and land safely. 
 

Weather Limitations 
 
Jim Fraser of Killin MRT argues that the weather conditions may reduce the 
overall effectiveness of UAV search. The Inspire UAV is limited to favourable 
weather conditions, the above results have shown that a cloudy sky will 
reduce the detect range of the casualty. Wind was shown to reduce battery 
life and rain will render this particular UAV out of service. Weather conditions 
Annex G. 
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Conclusion  

This paper has considered whether or not UAVs are capable of operating in 

UK airspace. It has taken into account current UAV use, MRT equipment, 

CAA regulations, and communications. A simple experiment was designed 

and conducted in order to ascertain whether or not there is an obvious gain in 

utilising UAVs. Missing person behaviour allows the Search Manager to plan 

accordingly the areas in need of search thus ensuring that the correct assets 

are utilised. Dementia, despondent, walkers are the groups that may benefit 

from UAV search based upon the behaviour of those category types. Children 

are generally located with 1.2 km of their LKP and suicidal casualties within 

1400m, a UAV search may not be conducive in these scenarios but the 

Search Manager should consider whether he or she thinks there is anything to 

be gained. UAVs are becoming far more prevalent; technology is improving 

constantly and becoming more affordable, although outside of the scope of 

this paper there is now an IR capability for sub 7kg UAVs which would be 

useful in the search environment. The military Black Hornet could be carried 

by smaller parties and used to investigate small areas not easily accessible 

on foot, maybe even saving time. MRT equipment is improving all of the time 

with many different assets available to ensure effective search, equipment 

includes beacons, satellite phones, transceivers and all-terrain vehicles. A 

UAV would be another tool that could be used alongside all of the methods 

already in use. The CAA is one of the most forward thinking agencies in the 

world, the rules have been established to assist UAV pilots to do what is 

required, and specialist training is now readily available at a low cost. The UK 

Communication Network is improving all of the time, UAVs work initially on 

LOS enabling the crew to download HD video to their own controller as a 

minimum; there is a requirement for a 3g/4g network to stream the video to 

the Search Manager via the internet and in remote areas such as Scotland 

this is available through a satellite dish in the same way that crews utilised a 

dish in the Everest Disaster. If unavailable, information can be downloaded 

and looked at non real time. The UAV experiment conducted revealed that the 

AMDR is at least as good as that provided by a ground search team. At a 

height of 100m AGL a highly visual casualty will be detected out to 115m. The 

ground detect range was reduced down to 50m at points because of a pile of 

rubble and a tree blocking the view to the object. Battery life was shown to be 

between 25 and 11 minutes dependent on the wind conditions. Batteries are 

light and can be replaced and recharged whilst out in field conditions 

providing generators are available to the UAV team. As the technology 
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improves, so will the application of the UAVs, as it stands at this current level, 

UAVs are plausible for use in the Land SAR environment. 

 

Final Statement 

 

UAVs are capable of operating in a UK Land SAR environment 

 

Recommendations  

 

Conduct further experiments in varied terrain/ mountainous environment to 

consider the effect of environment on UAV Swept Width values. 

 

Conduct trials with the new IR camera 

 

UK Team Leaders consider options for gaining the required equipment and 

select team members that are available to complete the UAV pilot training 

course. 

 

Conduct further trials in order to tie down some standard operating 

procedures for UAVs in a Land SAR environment. 

 

Investigate communication procedures that are required to take place 

between the UAV crew and Search Manager in order to formulate a reaction 

to location of a possible casualty. 
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ANNEX A 

 

Interview Sion Roberts of Eagle Eye Innovations 
 
07 May 15 
 
What is your background in UAV and what kind of experience do you 

have? 

 

I qualified with the military as a Medium Altitude Long Endurance UAV 

operator in 2008, 4 years into that process I saw the commercial potential with 

Small UAVs and paid for myself to do a course in Montana USA, I then 

invested in a small vehicle as well and set up my own ltd company in the UK 

to explore commercial avenues.  

 

What kind of roles are UAVs currently undertaking in the civilian 

market? 

 

Commercial aspects Oil and Gas, companies such as “Skyfutures” and 

“Cyberhawk” are big, the agricultural industry “Ursula”, film and movie 

“Conductry Lens Foundry”. Incredibly successful “the question should be what 

can’t they be used for!”  

 

What Challenges are facing those industries? 

 

Challenges facing in past were rules and regulations with the CAA – the fact 

that there is no universal ICAO Qualification standard and no equivalent of 

CPL or PPL in UAV operating at present. It is a very slow process. 

 

What are the advantages of those systems?  

 

They are cheap compared to manned platforms, safe with regard to taking the 

man out of the machine, with rises in technology they are incredibly 

automated, so simplistic to use and can carry a multitude of payloads. 

 

What are the key disadvantages?  
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Regulation as mentioned above, public perception of drones: they see 

terminator, worries about privacy and crashing into manned aeroplanes, all of 

this can be reversed with some education. 

 

 

What is holding them back from being further utilised here in the UK?  

 

In the UK we are pragmatic and forward thinking, the Civil Aviation Authority 

(CAA) is the leader in the world of integrating – as an example the new CAP 

722 6th edition was published in the last 2 months - you can now fly a sub 7kg 

vehicle in congested airspace which is a massive step forward – many 

commentators believe this is an example of deregulation, this is not 

deregulation, “this is an example of integration and forward thinking”. There is 

not really much holding UAVs back in UK airspace, even if an aspect of flight 

is not cleared, you can gain a permission to do what is required from the CAA. 

 

What changes have been recently made to improve the situation? 

 

New CAA regulations, information notice 2015/008 allows people with aviation 

qualifications to expedite the permissions process. 

 

How does UAV operation in UK airspace differ with the US?  

 

The FAA have no regulation to fly UAVs commercially at all – certain agencies 

have permissions by gaining a 333 exemption certificate – but it is illegal to fly 

commercially – the police departments are using them but they have to get a 

Certificate of Agreement (COA). It would have been impossible to run my 

business back in the USA where as I have the freedom to do pretty much 

everything I need to do here in the UK. 

 

What equipment do you personally have to utilise?  

 

I have 3 multi rotor UAVs and 1 fixed wing, with 3 payloads – all Day TV, I do 

not own an IR payload at present but one has been developed to bolt onto the 

gimbal of the Inspire. The payload gimbal will be easily changed for SAR and 

it is happening now – in near future it will be available for SAR. 

 

What is the capability of the top level UAVs on the market?  

How much do they cost and do you think they are more effective than 

the kit that you are currently utilising?  
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There is a wide spectrum of UAVs on the market ranging from small £400 up 

to £150,000. With the increase in technology, I have noticed a marked 

decrease in price in the last few years for what you get – i.e you get a lot for 

your money. For SAR you need something flexible and robust with an IR 

payload, I would be looking at around £8,000 pounds but the Inspire for 

around £2,700 could do the job. Going up to £100,000 negates what you are 

trying to do because it is becoming as expensive as using a manned asset. 

 

 

What is the capability of your equipment? 

 

(Sion at this point opened up his Ipad to demo the capability) The Inspire 

comes with Moving Map – Full Motion Video download direct to this Ipad, I 

can use the Ipad to set an operational mission which essentially flies the 

aircraft exactly where I want it to fly. All footage is beamed back to me HD 

using an HD light bridge. If I want to I can push it out real time to the rest of 

the world. Moving map – time and distance is mapped, I can look at the 

moving map slow time and see what was flown and when. The Lost Link 

Emergency Mission can be moved whilst flying the mission – so effectively 

you can walk through the search area whilst the UAV is in flight – real time 

with connectivity direct to C2 agency. The Ipad is connected to UAV controller 

– you can have a separate Sensor Operator if required and toggle between 

the moving map and the payload on the Ipad. If I see something of interest, I 

can grow a track and lock the payload onto that position to do a flyby orbit and 

get a better look. This current payload had 4 k definition – I can zoom in to get 

amazing clarity – post analysis is possible – flight logs show you where 

anything of importance was shot and I can review every second of all footage 

shot with a GPS position stamp. 

 

 

How long can it fly for?  

 

Each battery lasts 25 minutes, 4 x batteries costing £200 each – 1 hour to 

charge each battery 

 

What height and Range?  

 

CAA SUAS under standard permissions up to 500m and 400 ft height – this is 

a long way and will give you ample flexibility for SAR. Extended Line of Sight 

(LOS) is do-able with permission from the CAA. You can send spotters into 

the search area to maintain visual with the UAV but walking and moving 

covering ARC will allow the pilot to keep eyes on. 
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How many operators are required?  

 

1 Pilot minimum but SO if required 

 

What are the Band-width requirements for flight systems?  

 

2.4 Gb is the operating frequency – it will channel hop on 6 channels so you 

could fly 2 aircraft at the same time, the old radio control systems would only 

allow you to fly 1 at a time – the light bridge works at 5.8 Gb but it is such a 

low level is does not effect any other users (look at section 5 of the CAP 722) 

these operations are cleared with OFCOM. No communications infrastructure 

is required to be set up to push the feed because it is all in place. A 3 or 4 g 

satellite coverage will do what is required. Some guys went out to Nepal last 

week and filmed from the disaster zone, UAVs are used frequently to report 

from the field live, a small satellite dish pushes out the feed onto 4 split 

channels, it is very easy to set up – good for remote areas, could be an option 

for Scotland SAR.  

 

What effect do you think the CAA will have upon launching a UAV into a 

search area?  

 

Flying in Controlled Airspace with a UAV below 7 kg does not require 

permission, for SAR you do not need to be too high, 250 ft max. For good 

airmanship purposes, you can put a notice to airmen (NOTAM) within 30 

minutes and if you like you could get different agencies involved such as a 

courtesy call to Air Traffic Control. Segregated airspace takes months and is 

very difficult to organise, it would not work for SAR operations. 

 

How about if a company is being paid to conduct the work? 

 

Aerial work permission is required for valuable gain, Eagle Eye Innovations 

already has the permission required, number 706 on the CAA website, this 

covers them for any aerial work. To gain accreditation is simple, the pilot 

should have an accredited course with National Qualified Entity (NQE) it costs 

around £200 to register with the CAA and gain permissions.  (£113 pound sub 

7 kg and £226 above 7Kg – the Inspire is 2.6 kg) Small is good, it is dynamic 

you are in the hands of the operator; it enables the search manager to get 

exactly what he wants out of the sortie. 

 

How long to get on scene and set up?  
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3 minutes to set up once on scene, I could meet with the search manager, 

plan the search area, the time taken to get to the start point. 

Could use MRT Ground to Air comms to speak with ATC and other airspace 

users.  

 

Any other information that might help at this stage of the research? 

 

I teach on the course using the Inspire with a 4k camera to test my students – 

I put a red bucket in the hedgerow and fly at 200 ft, 300 m away, the students 

spot it very quickly and move in for a closer look. It is very effective. 

 

The Inspire also has a laser altimeter to keep it at the required height above 

the ground. 

 

The Inspire is now £2700 but was £25000 a year ago. A company called 

FreeFly are inventing systems with a camera on the top but that would not 

work for SAR. Inspire can operate 10,000 feet above sea level, so if you are 

thinking about using it in the mountains it would be fine here in the UK, it has 

high performance carbon blades. In places like Nepal you will have to think 

about it, a chap called Bartley Price is using the inspire effectively in Nepal 

now, it may take some upgrades in order to operate in this kind of region but it 

is easily do-able!  
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ANNEX B 

Interview Clive Swombow 
 
01 Jun 2015 
 
How long have you been involved in UK SAR?  
 
I served as a police officer for 30 Years of which 20 years of service as the 
SAR liaison officer for Wales, responsible for all of the teams. I could not join 
a team because I was in this role. I was the liaison officer for C flight, flew 600 
hours in the Wessex and some in the Sea King. No police helicopters in those 
days so I flew extensively with C flight. In 1980 I completed the American 
course on managing Land Search Operations – The Chief Instructor invited 
me to out to America to teach on the course. On Official retirement – I 
continued Instructing in many countries including the US, Iceland, Sweden, 
Ireland, Isle of Man. Most work was with Swedish Police and Iceland SAR. 
 
Managing land ops has gone away for me, the police are managing their own 
now, and do not tend to use the math’s, they have not been trained in how to 
use it in a search scenario. I mainly spend my time teaching in Sweden now, 
on a 5-day search manager course. It (search managing) is an internationally 
recognized science it is not Clive Swombow’s work, it has been going on 
since around 1940! Koopman was asked to find out where to plan initially for 
locating U boats, he developed the theory for over the sea – search theory 
carried on with the coastguard, particularly with the USA, then the UK 20 
years ago land SAR. Clive asked me the following question: Do you have a 
copy of Manager Land Search book? I will send it to you so you can reference 
it during your research. 
 
What are your Initial thoughts on utilising UAVs for Land SAR? 
 
Drones is quite contentious – in the UK we have the privacy issues still not 
ironed for example people have been taken to court for flying over football 
games. Then there is the altitude issue with regard to flying over a fixed 
object: In Ogwen Valley it is ok saying it will fly 500 feet above ground level 
but in North Wales you have FJ’s flying at 300ft above the ground. ATC would 
need to be considered. People flying them would have to speak with local 
airspace users. 
 
 In the email I sent you I mentioned Hans Larson as a POC, he is very good 
and involved in search with me for the last 20 years. He flies a drone himself 
but is in with the top developers in Sweden. You should contact him to work 
with you on this. There is also someone in North Sweden doing research 
himself. 
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What are the main considerations for UAV Land SAR? 
 
 
The concept of sweep width – it will be extremely difficult to determine with a 
UAV and will depend on the view of camera. Do you plan to use a wide angle 
lense? If so what? Wide angle = significantly less detail so a lot of tests will 
have to be done on whether to use wide angle lenses, fixed or scan, can we 
use IR or not? Each will have to be explored. I mentioned that we do not have 
an IR capability with our UAV at the moment but that is the plan for future 
work.  
 
Any kind of Land SAR is extremely difficult from a helicopter; it is not so bad 
over the sea because we have developed swept width tables. It is tough over 
land mainly because conditions are constantly changing, such as vegetation, 
mist, precipitation, terrain. On land we do Average Median Detection Range 
(AMDR) and from that we can work out a best guess for track spacing. 
 
Note: There is new info on the AMDR front: if it is a high visibility object 
multiply AMDR distance by 1.7 and low visibility by 1.1, this came from USA 
but I disagree with it : If you had a Sweep Width of 22 X by 1.1 = 24 ft.  In the 
field you pace the distance, you will get margin of error in pace length based 
on size of person and the terrain so this negates being so accurate: I suggest 
you leave it as AMDR also we will never know whether or not we are looking 
for a high visibility casualty or not – think about practicalities, a casualty may 
have gone out dressed in a high visibility jacket but how do we know whether 
or not he has taken it off. I suggest you keep the AMDR as sweep width – to 
determine AMDR form a drone is not easy but I suggest you put an object on 
the ground and fly a circle around it – as you fly around it you could be flying 
in and out of sunlight – this may cause flaring – variation in terrain, flying a 
circle will give you a good idea about all aspects of the object, you then work 
out the average distance and that is your swept width. 
 
I explained my basic idea for an experiment, Clive highlighted that I must use 
the correct swept Width in my calculations for example with a swept width of 
10 feet I must fly the drone with 5 feet either side of the drone. (Average 
AMDR is sweep width AMDR is 10 ft sweep width is 5ft either side of 
searcher.) 
 
Sweep width is exactly AMDR – average distance is your sweep width for 
ground search. This is unlike Maritime Search, which does not change an 
awful lot, you effectively just use the numbers from the table. AMDR is the 
best we can do for determining sweep width on land.  
 
How many large searches have you been involved with? 
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The Apr Jones search is the biggest UK search I have seen but many more – 
It would be worth contacting the police in Dyvd Powys to ask for man hours 
involved. This will aid your argument for saving time using the UAV. 
 
 
 
 
What are your best tools currently for locating Mispers?  
 
SARLOC developed by the Ogwen Mountain Rescue Team – Ross Hore 
developed it and it is now used in the UK and overseas. 
SARMAN – is developing and improving, it was used on the Apr Jones search 
but was stand alone then so was virtually impossible for 1 person to keep it 
fed and not many trained in its use – this is a system in which you plug in the 
math’s and mapping areas, segments, which allows you to work out coverage 
and sweep width – shifting POA’s 
SARCALL is also a good technique, used for communication between teams. 
 
 
Could you think of any scenarios that a UAV might be useful to you as a 
search manager or as a search aid? 
 
I would use anything that could be used to help with the search, dogs are 
often late into an area that has already been trampled on by search teams but 
you could utilise dogs with UAVs above in order to maintain the scent of the 
casualty. The biggest issue is availability of the drone, timescale of 
deployment. Air support of any kind is not particularly brilliant for searching as 
an example a helicopter conducted a search in open desert with a maximum 
seen POD of 60%. It does serve 2 purposes 1) Aircraft or drone could get 
person to come out to the open allowing them to be seen by search teams, 
also it will activate the minds of people in the area who will then start to look. 
 
(I was on a search for a missing Alzheimer’s patient – 22 Sqn came in as well 
to help. A person came up to us and said that he had seen the helicopter and 
asked us if we were looking for someone. We described the missing person to 
him and he said that he had just seen somebody matching the description. 
We found the casualty.  
 
Modern search management not even taught to the SAR crews – SWAG! 
People’s ability to determine POD is not worth anything so the more we can 
do to formalize this the better. We try to get the figures as accurate as poss 
because it is not the initial figures that count it is what happens to them. 
 
 
What are your thoughts on the future of UAVs and UK SAR? 
 
I can see it developing, there will be some guys against it initially but it will 
work very well once it is proven. It needs someone to produce a paper that 
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says it will be an addition to Land SAR. The potential for it is brilliant – we 
have problems with SARLOC in that the mobile phone battery reduces too 
much. You could deploy a phone or a spare battery; in a bad signal area you 
could use the drone for relay or to send a radio up to an injured casualty 
whilst help is on the way. I saw a drone in Sweden that could lift quite a lot of 
kit. 
 
Could send up a personal radio and a defibrillator, a trained team member 
could talk party members onto how to use a defibrillator. It would require 
some thought as to the consequences of a non-trained person using a 
defibrillator with a trained person at the end of a radio. 
 
 
Further Interview with Clive 11 Jun 15 – Phone Conversation 
 
Would you mind please chatting to me about Critical Separation and the 
possibility of using it as a procedure for UAVs? 
 
Critical separation is basically AMDR x 2 – once utilised it means that 
everybody has to maintain that separation each searchers area is the very 
limit of how far out an object could be seen and does not take into account 
varying terrain in the way that AMDR does. It is a tactic that is used with more 
than 1 searcher/asset and is not good in poor weather because the searchers 
cannot see each other in order to hold the line.  
 
I do not want to influence you in any way but I do not think that CS is possible 
with 1 UAV, AMDR and swept width make far more sense. I suggest you look 
at both procedures carefully and work out from an airborne point of view 
which one you feel would work the best for a UAV. 
 
As an extra point: You may want to think about the sector ladder as well with 
how you decide to send your UAV – POD and area searched vs which is the 
next highest area to be search + maybe going back into the same area again 
because it has the biggest number! 
 
Thank you for your time Clive. 
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ANNEX C 

Email Evidence Clive Swombow 
--------------------  
Hi Clive, how are you? I hope all is well!  
 
You probably will not remember me, I was on one of your search manager 
courses in 2013 at Kinloss. An Excellent course!  
 
I was on the Kinloss MRT as well as being a controller in the ARCC. I've now 
moved on to UAVs at RAF Waddington. I am currently working on my final 
dissertation for my BSc (Hons) degree. I wondered if you would be kind 
enough to assist?  
 
I am investigating the use of micro UAVs for SAR in the UK, I have a 
company willing to do some flight testing with me so I may actually produce a 
half decent paper! I am very interested in utilising your input (good and bad 
points). UAVs have been used for SAR but I cannot find any evidence of 
anyone considering search techniques, misper behaviour and most 
importantly the maths involved. I would like to explore expanding the 
knowledge that I took away from your course into a UAV scenario as my final 
experiment.  
 
Would you be kind enough to answer some of my thoughts/ questions 
please? I would very much appreciate it. If so please let me know which email 
address suits or maybe a skype interview.  
 
This could be very exciting work!  
 
Kind regards  
 
Tina Hartnell  
------------------------------------------------------------------------------------------------- 
 
Hi! Tina. I will certainly help you as much as I can. The biggest research that 
needs to be done at this stage is determining sweep width for a drone. I will 
be away running a course in Sweden until the1st May. You can contact me on 
return with the below e.mail or telephone number. If you send me your 
number I will contact you on my return to discuss how I may help. Good look 
with this worthwhile project. Cheers, Clive. 

  
----------------------------------------------------------------------------------- 
 
Hello Tina. Just arrived back from Sweden to find your paper. Unfortunately it 
arrived after I left so I haven't had time to read it. While I was there I 
discussed with my colleagues what you were hoping to achieve. One, 
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Superintendent Hans Larsson of the Stockholm County Police. and a long 
time SAR expert, is starting to fly drones and another member Daniel 
Sandberg is a professional drone operator in Sweden They are aware of a 
SAR member in Northern Sweden who is currently doing research into the 
use of drogues in SAR. Hans Larsson is prepared to be a contact point for 
these people in Sweden if you feel it would be of help to you. His contact 
details are. I am busy for the next few days but will get back to you on your 
paper ASAP. Cheers. Clive 
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ANNEX D 

 
 

Email Evidence 
 
Dave Perkins 
 
-------------------------------------------------------------------------------------------- 
 

Tina 

 

Thanks for the email.  Keep in touch please. 

 

Regards 

 

Dave P 

TCSR 

 

 

10 Jun 15 

 
Thank you Dave, 
 
That does help, I have an idea for an experiment similar to that mentioned 
below in which I will find the best operating altitude by conducting the 
experiment at a number of different heights and comparing the findings. I 
must pass the results onto you, in order that the research centre can decide 
on how to move forward with UAVs on completion of my study! 
 
I will be more considerate with my terminology in the final paper - I get your 
point! 
 
All exciting stuff!  
 
Tina 
 

 
10 Jun 15 
 

Hello again Tina 

 

Thank you for your email. 
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Regarding a procedure for a uav.  I am not familiar with these machines 

at all and am thinking of them as small helicopters.  Maybe the procedure 

to find Critical Distance (see later) would work something like this: 

 

1. Place a suitable object on the ground to represent whatever it is you are 

searching for. 

2. Place the uav next to it. 

3. Fly the uav vertically upwards until it reaches the preferred height for 

searching (I assume it will have one). 

4. Maintain that height and move horizontally until the 'suitable object' 

can no longer be seen. 

5. The horizontal distance travelled is the Critical Distance. 

6. Repeat maybe three times and take the average. 

 

Critical Distance (cd) is equivalent to sweep width and therefore links 

directly into coverage, PoD and all the Search Theory stuff.  You could 

use Critical Separation (2 x Critical Distance) as the track width for 

sweeps of the uav to give a PoD of 72%.  Track width of half CS would 

give PoD of 87%.  

 

Regarding Critical Distance.  The best explanation of Critical Separation 

and Critical Distance is (I think) given on page 10 of 'Some 

Consequences of a Computer Model ... ' (2011) off our website.  You 

might find it useful. 

 

Regarding cd (and hence CS) and AMDR.  They are all doing the same 

thing, i.e. measuring the distance at which the searcher can detect an 

object and are essentially determined in the same way.  It is a bit like 

miles and kilometres: they are both doing the same thing (measuring 

distances) and you tend to use the one you are most familiar 

with.  Neither of them were around when Search Theory was devised and 

so neither of them can claim to be 'part of Search Theory', which some 

people claim for AMDR.  It was devised in the US in (about) 2000 so 

they didn't have to refer to CS or cd. 

 

Hope that helps. 

 

Regards 

 

Dave P 
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The Centre for Search Research 

 

10 Jun 15 

 
Dave, 
 
I think the procedure I am planning could be useful as a start point for UAV 
SAR tactics. I am keen to use your experience and hope you will be happy to 
look at my work before I finalise it to ensure that it is correct. I plan to chat to 
Clive Swombow today again as he feels AMDR is the best tactic for a UAV. I 
have already referenced much of your work in my final paper but now plan to 
add a chapter on critical separation, at the same time I am considering 
whether or not it is possible to utilise critical separation with a UAV and if so 
how I could make it work. 
 
My reference to missing person behaviour will be discussed in my final report 
simply because it may provide the information required to help the search 
manager decide how the UAV will be employed and where best to utilise it 
based on the type of casualty we have. For example in the case of a search 
that might involve a suicidal casualty who's car was found 500m from a forest, 
a UAV would likely not be used. For a missing walker, potentially on open 
ground with no real reason to be missing I would expect a search manager to 
work the high priority areas first potentially using a UAV to clear the lower 
priority areas. 
 
I look forward to working with you! 
 
Tina 
 

 
8 Jun 15 
 

Tina 

 

Thank you for your email. 

 

Critical Separation has been around for upwards of 25 years and most 

SAR and MRTs are probably aware of it and might even use it.  I don't 

think that many if any people will be using any of the aspects of Search 

Theory in the field, even in US. 

 

I can see now that a procedure based on our field trial with RAF Boulmer 

could be used to determine Sweep Width and track spacing.  It would be 

a worthwhile piece of work. 
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Keep in touch. 

Regards 

Dave Perkins 

The Centre for Search Research 

 

-----------------------------------------------------------------------------------------

- 
7 Jun 15 
 
Evening Dave, 
 
I have just received your email, thank you for taking your time to get this 
information through to me, I have read your work but had not seen anything 
on critical separation until now, I like what you have done, it seems to be far 
simpler than the techniques I discussed within my project proposal.   
 
I would be very grateful if we could chat in the near future. My background is 
Long Range SAR as a Nimrod MR2 operator, followed by RAF MRT and a 
tour in the ARCC, I left the SAR world in Dec 14 and currently fly military 
UAVs.  
 
Now that I have made contact with you would you mind if I run my thoughts 
past you to ensure that I am moving in the right direction? I am planning an 
experiment similar to your Boulmer experiment, there is a lot of work to be 
done and this paper will hopefully provide a start point for further research. 
 
Is the theory you provided is now being used by all UK Search teams or do 
some still talk about AMDR? 
 
I look forward to chatting! 
 
Kind Regards 
 
Tina Hartnell 
 

 
 

Hello Bob 

 

Hope you are enjoying your retirement.  I must say that being retired is 

one of the best jobs I have ever had. 

 

Thank you for the uav project document.  A couple of comments: 

 

1.  The sections on Search Theory and land SAR are not very 
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encouraging, for example Missing Person Behaviour is nothing to do with 

Search Theory.  I would suggest that The Centre for Search Research has 

made considerable progress in the application of Search Theory to land 

SAR, particularly with regard to putting it into a form that is relatively 

straightforward to use and that relates to concepts that are likely to be 

familiar to ground searchers, in particular Critical Separation.  All of our 

work on this has been in the public domain for some time now; see our 

website www.searchresearch.org.uk and in particular the published 

papers section.  The document 'Probability of Detection for the Search 

Manager' (2013) makes a good starting point.  I have attached it to this 

email. 

2.  We were involved in an informal piece of work many years ago with 

RAF Boulmer relating to the distance at which a human target on the 

ground could be seen by an aircraft in the air (using a Sea King).  This 

clearly relates to Critical Separation, and hence PoD via the document 

referred to above.  Our paper on this has been available on the internet for 

some time (www.isaralliance.com/general_library) but in any case I am 

attaching a copy to this email.  It was a fairly informal piece of work but 

nevertheless seemed to suggest that Critical Separation could be thought 

of as a parameter that worked in three dimensions as well as two.  Enjoy 

the read. 

 

I would be grateful if you would forward this to Tina.  I would be quite 

happy to correspond further if she is interested. 

 

Regards 

 

Dave P 

The Centre for Search Research 

 

 
---------------------------------------------------------------------------- 

  

http://www.searchresearch.org.uk/
http://www.isaralliance.com/general_library
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ANNEX E 

 

Questionnaire MRT Member  
 

NAME: Jim Fraser 

TEAM: Kintail MRT  

EXPERIENCE LEVEL: Team member 27 years, Comms Officer 7 years.  

 

Please try to answer all questions with as much detail as possible. 

 

1.What is you background in MRT? 

Listened to stories of rescues across the north from my father and others 

when I was a child. Invited to join Kintail MRT while living in Kyle. First callout 

was televised as Episode 11 of ‘Rescue’. In the intervening years done a mix 

of scoop and run, standing at the bottom of the hill watching the helicopter do 

the work, and big searches.  

 

2.How many major searches have you been involved with? 

Guessing, but maybe 10 to 20, possible a few more. Kintail, Torridon, 

Dundonnell, Assynt, Cairngorm, Lochaber, Skye. Normally, police call a halt 

after 3 days of searching. That timeframe would normally involve several 

teams and support from helicopters and dogs.  

 

Not all casualties are found in that time. Our team and others sometimes do 

training in areas of failed searches as a follow-up! Remains have been found 

up to two and a half years later.  

 

3.Can you think of a major search and provide an example of man-hours 

taken to locate a casualty – possibly in a difficult area? 

 

No actual man-hours figures handy. Typically, these start as 10 to 20 persons 

for 5 to 10 hours on the first day and scale up to between 50 and 100 by day 

three. 

 

4.What are the best current tools for locating a casualty? 

Eyes. Too many people don’t use them effectively - stop talking to your mate. 

- your smoking habit is not important right now - you’ve seen this view a 

hundred times … . Look up, look behind you, look under things. Utilise good 

optics in the hands of rangers and stalkers who know how to use them.  
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Intelligence. There is a place for intuition but once normal early searches 

have failed, objective analysis of the search so far and careful planning and 

management of further operations 

 

Two of the best current tools belong to the casualty but are rarely used. The 

two things that will help rescue of a lone casualty are helmets and torches. If a 

hillwalker wears a helmet then they will be far more likely to be conscious 

after their accident. Many modern LED lights with ordinary batteries can last 

over 100 hours so if a lone walker carries such a light, at all times of day, then 

if they have an accident they WILL be found the first night that a NVG-

equipped resource scans the area.   

 

5.Is there any new technology that has been utilised in the last few years 

that you believe has assisted with the search effort directly? 

 

Flying with NVG was first used by the RAF SAR Force about 22 years ago 

and a crew from Lossiemouth were the first to locate a casualty using NVG 

during a job at Torridon in 1993 when they spotted the backlight of the 

casualty’s mobile phone from 4 miles away. The introduction of NVG across 

the entire UK SAR helicopter fleet will be complete in 2017 and will have 

taken  TWENTY FOUR YEARS.  

 

How clever are the British? 

 

6.How do you communicate with team members on the hill?  

 

VHF and Iridium satellite phone. Occasionally mobile phone but coverage is 

not extensive.  

 

7.Do you have communication issues when trying to contact team 

members? If so how do you deal with it? 

 

Kintail contains many of the UK’s most effective propagation barriers. They 

are about 1000m high.    They are a pest, but we love them really.  

 

Constant pestering to get team members to use the correct antenna (rucksack 

dipole instead of short wound type). Training of team members for good 

propagation practice, relay procedure and good VP. VHF repeater always on 

charge and ready to go.  
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8.Do you believe Unmanned Aerial Vehicles could be an asset to a 

Search Team? Please explain advantages and disadvantages: 

 

Undecided.  

 

Useful eyes in the sky and potential IR tool. However, difficult for quiet teams 

in the NW to maintain as a local tool and large distances and challenging 

weather make mobilisation from busy areas difficult.  

 

9.If UAVs are utilised – what do you feel is the most important area of 

research that should be considered – (airspace,training,safety,funding, 

weather) 

 

A very large proportion of Kintail jobs are supported by SAR helicopters so 

airspace issues are extremely important.  

 

For years into the near future, a new base will be a more important part of 

financial plans at Kintail (and probably Torridon) than any technology-based 

search tool. 

 

10.Please provide any other details that you feel may be useful with 

regard to this study: 
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ANNEX F 

Questionnaire MRT Member  
 

NAME: Keith Bryers   

TEAM: Dundonnell 

EXPERIENCE LEVEL: 5 years in MRT 

 

Please try to answer all questions with as much detail as possible. 

 

1. What is you background in MRT? On call-out list last 5 years, currently 

Chairman of Team. Have ‘completed’ all Munros some years ago, extensive 

hill-walking and ski-ing experience. 

 

2. How many major searches have you been involved with? Probably 

about 10-15 major searches. 

 

3. Can you think of a major search and provide an example of man-

hours taken to locate a casualty – possibly in a difficult area? Several, 

below are ‘guesstimates’ of hours involved:-. 

 Search to assist another team for missing party of 4 in fairly severe 

winter weather conditions – approx. 60 hours spent covering a small 

area without result [the casualties were located safe many miles away 

from where we were tasked to search]. 

 Search for walker missing in non-specific area of large mountain – 

approx. 150 hours [body found weeks later in shallow gully by chance 

by another team]. 

 Search in dense forest for suicidal teenager – approx. 200 hours 

without result [found dead same day near to home] 

 

4. What are the best current tools for locating a casualty?  

 Mobile phone contact with conscious casualty or misper to “talk us in” 

by giving us a map reference or describing their position (if they can 

see). Subject to reception and battery life. 

 Local knowledge of where people fall or take a “wrong turn”. 

 Sweep searching where there is reliable information of the person’s 

route. 

 Helicopter in daylight subject to adequate visibility. 

 Helicopter with NVGs or FLIR – once fully operational. 
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5. Is there any new technology that has been utilised in the last few 

years that you believe has assisted with the search effort directly? 

 Mobile phone as above 

 ‘Mountain Map’ Search Management Software (it’s a bit ‘clunky’ 

though). 

 NVGs when RAF was SAR helicopter provider. 

 FLIR on HM Coastguard when fully operational. 

 

6. How do you communicate with team members on the hill?  

 VHF handsets and mobile sets on allocated MR frequency. 

 Mobile phone where reception is available. Useful when more 

discretion is required than can be achieved on the open channel VHF 

net. 

 

7. Do you have communication issues when trying to contact team 

members? If so how do you deal with it? 

 In terms of call-out procedures we have call-out officers whose job it is 

to call round members seeking their availability via preferred telephone 

numbers (usually landline and mobile numbers are given by members). 

This is very time-consuming. SMS is sometimes used by the Team 

Leader. 

 On call-outs, team members keep in touch via regular radio calls to 

designated people in the party or to a temporary base (usually in one of 

our vehicles). Special measures may need to be taken in some cases 

should radio communication become unworkable e.g. meet at an 

agreed RV point at a certain time.  

 

8. Do you believe Unmanned Aerial Vehicles could be an asset to a 

Search Team? Please explain advantages and disadvantages: 

Advantages 

 ‘Organic asset’ to team and within team’s control. 

 In calm, daylight conditions, if it could be used to search large swathes 

and actually capture images of people in typical mountain situations 

with real-time imagery of adequate quality, it might shorten the time 

casualties are lying out on the hill and shorten call-outs by providing 

earlier location of casualties. We would still of course have to get to the 

located casualties, treat and evacuate them. 

 

Disadvantages 

 Deconfliction with SAR helicopter(s) – helicopter pilots are likely to be 

concerned at the potential proximity of a UAV flown by an amateur. We 
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cannot see the two operating in the same airspace in the weather 

conditions in which we frequently have to work. 

 We don’t have a UAV and it is very difficult to see us prioritising already 

scarce funds to obtain one (if one would be enough) and to maintain it. 

 Not all members would want to be involved with the UAV, and to make 

use of it a team member adequately familiar with it would need to be 

available for the particular call-out. 

 We are frequently called out in bad weather or at night when it is 

unlikely UAVs could be operated. 

 Ability to operate in rain, snow, mist, cloud, icing conditions? 

 Operating the UAV might become a distraction from the main task in 

hand where tried and tested methods produce results. 

 It would tie up scare personnel resource in operating it. 

 Loss of control/unserviceability whilst in flight would require a search 

for the missing UAV which could tie up significant team resource. 

 Could be liability implications e.g. from team members or public being 

injured by the UAV either from cuts by propellers or kinetic impact. 

 It would be an additional burden to carry a UAV in our already well-

stuffed vehicles. 

 It would be an additional burden to carry a UAV plus spare batteries 

and control gear etc. up the hill (though in calm conditions it might be 

possible to launch it from  lower altitude) 

 There would be a concern at the UAV suffering inadvertent damage in 

transit to the place it was needed which damage could not be repaired 

in situ but would require a specialist repair at a cost to the team. 

 The rate of progression of this technology is such that whatever UAV 

we bought would likely to obsolete fairly quickly. 

 

 

9. If UAVs are utilised – what do you feel is the most important area of 

research that should be considered – (airspace, training, safety, funding, 

weather) 

 Practicality of use in the challenging mountain rescue environment. 

 

10. Please provide any other details that you feel may be useful with 

regard to this study: 

n/a 
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ANNEX G 

Environmental Conditions 

Date: 23 Sep 15 
 
Time of Day: 1000 - 1100 
 
Location: Whitham St Hughs 
Terrain: Flat 
Vegetation: Nil 
 
Search Objects: Bright Red Bivvy Bag 
 
 
 Current Weather Conditions: 
 

Time Wind  Visibility Cloud 
Cover 

Precipitation Temperature Comments 

1000 East 5 
Kts 

9999 Nil Nil 15 Deg Excellent 
Conditions 

 
 
Date: 14 Oct 15 
 
Time of Day: 1000-1200 
 
Location: Oakhill Leisure Swinderby, Lincoln 
Terrain: Flat 
Vegetation: Nil 
 
Search Objects: : Bright Red Bivvy Bag/ Black Bivvy Bag/ Blue Jacket/Olive 
Jumper 

Time Wind Visibility Cloud 
Cover 

Precipitation Temperature Comments 

10-
1100 

Easterly 
12 Kts 

9999 5/8 Nil 10 Degrees Cloud cover 
reduced visual 
range 

11-
1200 

Easterly 
15 Kts 

9999 6/8 Nil 10 Degrees Weather 
becoming 
inclement 


