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ABSTRACT

In recent years, priorities in the development of regular transceivers has been in the areas of user-friendliness, miniaturisation and lightness of construction. This has lead to easier to use transceivers which are generally preferred, although there has been no significant improvement in search range.

As long range devices are still a need of professional rescue teams, efforts have been undertaken to also satisfy this user group. Recent developments have lead to long range transceivers that provide a range up to 180 m, facilitating search strips of up to 120 m wide. This permits searching vast areas very quickly. The systems are based on highly sensitive receivers with low noise levels that are connected to large external antennas. Terrestrial search requires a directional single antenna receiver in order to locate easily. Helicopter based use, where the antenna cannot be rotated in all three directions during Primary Search, necessitates a system of three antenna in order to achieve reliable values for the search strip width. Specific search strategies and logistical concepts are necessary for reliable and successful application. Besides in classical avalanche rescue, such long range devices are used as well for lost skier search in forests.
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1. 
Recent developments in the field of avalanche rescue transceivers
The general tendency towards lightweight and smaller equipment has had an influence on the transceiver industry as well. Due to the relationship between maximum range and the size of the antenna, manufacturers could not intensively extend the search range in recent years. There is actually a notable tendency towards smaller, lightweight transceivers with, unfortunately a smaller range. Furthermore, digital signal processing which has gradually been implemented in avalanche beacons, reduces the range because appropriate microprocessors require a far better signal to noise ratio than the human ear for reliable signal detection. The restrictions in range have been compensated for through improved user-friendliness and clarity of visual information provided by new-technology. For the majority of users, this kind of beacon provides the best search results. During 5 years of use, it has became more and more apparent that dual-antenna systems provide fastest search results. On the other hand, it must be said that the analogue system cannot be fully replaced by digital technology for specific burial situations such as like multiple and deep burials.

However, the advantages not excluding the few disadvantages of new technology transceivers do not meet the demands of the small group of professional rescuers that require long range devices. Compactness, reduction in weight, the use of microprocessors, digital technology and application of several antennas mounted in a small case are all factors that rather contribute to shortening, rather than extending the range of a transceiver. As the enhanced user friendliness is not all that important to the professional rescuer, as he is able to isolate and interpret signals without addition help, interest is in a highly sensitive analogue long-range transceiver.

2.
Terrestrial application of long range devices

2.1
Search strategy 
When using a long range transceiver, only the acoustical tangent line search leads to quick success. In addition to the classical tangent line search strategy using a regular transceiver, it becomes necessary to hold the antenna parallel to the angle of the slope. This is because inclination becomes an important issue when dealing with a long range. Well trained rescuers can ski downhill at amazingly high speeds while still locating the victim. Within the last 10 to 15m, when the field lines start to curve at a rapidly decreasing radius, speed has to be reduced rapidly in order to avoid by-passing the victim. Some rescuers might find it easier to use a standard transceiver for the last few meters. Especially dual antenna transceivers provide fast location services during the last phase. 

3.
Helicopter based application of long range devices
In the helicopter based application, long range transceiver search provides ultra fast primary search. Due to the fact that the antenna can not be turned in all directions during primary search, as is necessary with single and dual antenna transceivers, a system of three antennas provides non-directional receiving characteristics. 

3.1
Search strategy
Such systems provide search strip widths of up to 120m at ground level when flying approx. 10-30m AGL. The helicopter arriving with the first team at the site of the accident will conduct helicopter-based search. Not only does this give a clear indication of the amount of burials and their site, it also allows an overview of the debris, the search for visual clues, defining the primary search strip and the search strategy for the different means of rescue and the evaluation of risks. Flying over the debris should not have any influence on later search with avalanche dogs, however, the two approaches should not be applied at the same time.
Depending on visibility, two reference points that serve as optical orientation for the parallel search strip system the pilot has to fly over the debris have to be laid out. Some pilots might prefer to use the GPS system which provides high accuracy and certainty  that full coverage is achieved. As the borders of the debris are less clearly visible than on the ground, the search strips have to well overlap the outer regions of the debris. When a signal has been detected, a classical grid search by helicopter helps to minimise the potential search area on the ground. The precision of location can be better then 3m, but in order to minimise flight time, it can be most effective to winch a rescuer down onto the debris or to let the rescuer out by hovering over the debris as soon as a proximity 10-15m can be achieved. Dual antenna transceivers provide the fastest location capabilities for this last terrestrial phase. In stead of directly placing a rescuer on the debris, an object can be thrown down to establish the different points for further terrestrial search. Situations with multiple burials in close proximity should be solved on the ground while multiple burials which are far apart should be isolated during helicopter search. 

3.2
Adaptation for rescue helicopters 
All parts of such a system are mounted temporarily onto the helicopter for the duration of the search process. In most countries this permits the use of such a system without going through expensive and time consuming approval procedures by national transportation agencies. 
Long-range devices are highly sensitive and other electronics or metal parts can reduce the performance of such devices resulting in a shorter range. It is therefore necessary to keep the antenna system separate from the helicopters electronics and massive metal parts like the skids. An average working distance for the antenna system is approx. 2m below the skid in a free hanging position. A cable connects the antenna system to the amplifier device (receiver) inside the helicopter. A connection between the receiver and the auxiliary jack of the intercom system can enable the entire crew to receive the signal in their headsets.

