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Abstract. Ten years of practical experience with
electronic transceivers in Switzerland show an increase
from 25% to 35% in the chance to survive an avalanche
accident, if the victim can be localized with a trans
ceiver. An optimal strategy for the primary search is
described by maximizing the chance to have contact
between transmitter and receiver and the chance of
survival.

INTRODUCTION

In the last few years, technical discussions
on electronic transmitters - receivers to locate
avalanche victims centered on the questions of
frequency, long- versus short range, ampli tude
versus frequency shift detection, earphone versus
loudspeaker etc. In the meantime, Fohn and Etter
(1985) published the results of ten years of use
of avalanche transceivers in Switzerland. A
comparison between victims equipped with
transceivers and victims without beacons show that
35% of the transceiver group have survived an
avalanche accident whereas only 25% of the group
of victims located with conventional methods could
be rescued. Both numbers represent worst case
situations as only accidents with casualties or
seriously injured skiers are reported. Especially
in the first group, a number of accidents with a
benign outcome, and therefore not to be found in
official reports, would improve the score.

Reporting the two ratios in the exponential
survival curve (Good, 1975), a chance of survival
of 35% would correspond to 70 min, a chance of 25%
to 100 min spent in the avalanche. For an averagj
burial depth of 106 cm (Good, 1979) roughly 1 m
of snow has to be removed until first aid and
resuscitation can be applied to the victim. The
time needed for a helper to dig with a small
shovel is 10 min, it is 50 min without appropriate
tools.

Assuming a reasonable outfit of the group of
skiers (including showels and fully compatible
electronic transceivers), the discussion has
therefore to deal with the improvement of search
strategy and search technique. The aim is to not
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exceed a rescue time of 25 minutes, corresponding
to a 60% chance of survival. This time is composed
of 10 min for primary search, 5 min for
pinpointing and 10 min for digging up. In this
paper an optimal strategy for the primary search
according to de Quervain (1963), and Good (1969,
1975) is presented.

RESCUE OF AVALANCHE VICTIMS

In order to show the important steps in the
rescueing of avalanche victims, tactical blocks
could be listed as follows:

Accident:
I -Alarm, organization of rescue, transportation

of rescue team.
II -Primary search, pinpointing, digging up.
III-Reanimate, evacuation of victim.

It is obvious that only members of a team, who are
witnesses of the accident, are able to start an
immediate search without loss of time. Any help
that has to be brought in starts with a handicap
of from a few minutes to several hours. The fading
chance of survival (40% after one hour, 20% after
two hours) requests very efficient procedures for
finding the avalanche victim.

METHODS FOR LOCATING VICTIMS

Two groups of methods to locate avalanche
victims have to be distinguished:

Direct methods: They are able to detect the
human body or signals emitted by the living victim
(electromagnetic, chemical, mechanical).

Indirect methods: They use a target
(electromagnetic: active or passive) on the
victim. It is this target only that can be located
by the rescuer equipped with a corresponding,
specif ic detector. Inspi te of this disadvantage,
only indirect methods are considered because they
are fast enough to provide time efficient search.



Figure l.--Experimental range of the transmitter
BAECHLER (Fieldtests SLF 1969).
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The idea of equipping skiers with
transmitters is nearly fifty years old (Bachler,
1940). It was J.G. Lawton in the sixties who
combined transmitter and receiver into one device
(SKADI), insisting on the fact that the same
person could either need help or provide it.

In 1966 (Jaccard, 1966) and in 1969 (Good,
1969) statistical field tests were performed to
characterize the beacons (see figures 1,2,3 and
4). In 1974 the offspring of VS-68,BARRYVOX and in
1979 the son of PIEPS, PIEPS 2 were tested. All
the results showed that the ranges of tested
transceivers are nearly normally distributed. They
can be described by their mean (R) and their
standard deviation (a). In addition, the ratio R ~

is more or less the same for all brands of tested
transceivers with an earphone ( ~ 3 ) ,for BARRYVOX
the dispersion is smaller (iVa ~ 4). Therefore we
are going to use a fictitious example in figure 7
with R = 15.0 m and a = 5.0 m.
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Figure 3.--Experimental range of the transceiver
SKADI (Fieldtests SLF 1969) .

Figure 4.--Probability of contact SKADI.

178

W=WIRa,)

Prob. of contact

..
o 1 2 3 ( 5 6 7 8 9 10 11 12 13 I( 1m]

Anzahl in
KlaSrenlwl1

1 I t I ~

N (Number of hits)
1

w~wlRal---

n

JL
0

1

(
I "l..r Ra

0

50

,

"~~~~~
0"
" L.,'

08<
08

07 I------+----+-~-i-t----t-___+--+--+--+_-l---
" I------+----t---M~--t--+-+----t-_+---+_-L:
osf--+--+----/\--+--l--t---+--+----+-----'--
" r---+---+------H:lf"\1\.---+----t-+---+---+--+-------L
OJ r---t-+-+-ll-\-\+---+--+-+-+-----i--L-

og:~"~~-~-~-~-~-~-~-~-~-~~-t>,~.......~g~~~t~~~~~~~~.
o 10 15 1:1 (1'1"\ J ;)~

Figure 2.--Probability of contact between trans
mitter (BAECHLER) and receiver (AM radio) .
In this representation, as well as for figu
res 4, 5 and 6, the standard deviation a is
R (PC = 0.16) - R (PC = 0.5).



Optimal Primary Search

and the curves of the intermediate and final steps
are displayed in figure 7. For a transceiver with
a mean range R = 15.0 m, a standard deviation 0 =

5.0 m, a walking speed v = ~.3 m/sec and aV~lanche

areas from between 3333 m and 100000 m, the

The time between the start of the search
(transceiver switched into receive mode) and the
first perceptible contact between transmitter
(victim) and receiver (rescuer) is the primary
search period. From this moment and till the
digging starts, the time interval is the secondary
search (or pinpointing) period. The probability to
have contact between transmitter and receiver PC'
(fig 2,4,5,6) 1S a funct10n of the range and
therefore of the width of the scanning strip. The
time needed for a given area depends in addition
upon the walking (scanning) speed. Intuitively,
the probability of finding the victim fast enough.
to be still alive has to be maximized. The larger
the scanning strips, the faster we move over the
avalanche, the bigger is the probability to miss
the victim. If we reduce the scanning width too
much, we are sure to find the victim (P = 1.0),
the time will be too long and the prob~bility to
survive (Ps ) will drop to an insufficient level.

Figures 5 & 6.--Probability of contact BARRYVOX
(VS-68), (1974) and Probability of contact
PIEPS 2, (1979).

times requested for probabilities (P) to have
contact between transmitter and receiv~r from 0.16
to 0.98 are shown in curves A, B, C, D (+). The
probability of survival (0), starting at 0.8 and
reaching 0.05 after 4 hours is also given. The
products of these two curves ( 6) have a more or
less marked maximum ( , ) . The optimal
probabilities to make contact (P ) for the
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correspon 1ng t1mes are shown ( • ); they drop
from 1.0 at T = 0 to ~ 0.55 at T = 3.5 h.
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Practical Considerations and Rules

Independent of the locating system used and
with the aim of finding the victim (get into
contact with) within 10 min, the optimal
probability to have contact between transmitter
and receiver has to be larger than 96 % (P
> 0.96). Copt

If a search lasts for 70 min, the optimal
probability to have contact has to drop in the
meantime, again independent of the locating system
used, from 100% to 80%.

The requested range of a transceiver system
is not as absolute as the previous statements. It
depends on the size of the avalanche and the
walking speed on this avalanche.

For the example of figure 7 (R = 15 m, 0 = 5
m and v = 0.3 m), t~e avalanche area has to be
smaller than 3000 m in order to do the scan
within the 10 min limit.

If the area is three times larger, the mean
range has to be 45 m. The same result may also be
obtained if the mean range remains at 15 m, the
walking speed, however, has to be 0.9 m/sec
instead of 0.3 m/sec.

First Example of Optimal Search

A group of three skiers, equipped with
electromagnetic transceivers in the transmit mode,
ski a steep slope. Correct distances between the
members of the group make sure that only one skier
is in the potential avalanche slope. The first
skier reaches the bottom of the slope and signals
the second to follow. A sudden fall of this skier
triggers an avalanche. The first and last skier of
the group observe carefully the victim. At the
standstill of the avalanche, the two rescuers
switch their transceivers into receiving mode.
Directed by the skier at the bottom of the slope,
the third team member skis to the top of the
deposition zone of the avalanche. Without skis he
follows the potential flow line of skier 2. In a
scanning strip of width 2 * (R: 2 "0 ), the
probability of having contact with the transmitter
of the victim is above 98% and nearly 100% on the
potential flow line (figure 8).

For some transceivers the 98% width of the
search bands are listed in figure 12. The numbers
in the diagonal are valid if for the transmitter
as well as the receiver, the same brand is used.
Off-diagonal numbers are for mixed brands. Except
for BARRYVOX being the transmitter, the best
performance is obtained if transmitter and
receiver are the same make.

Second Example of Optimal Search

Wi thout witnesses of the accident, without
additional information leading to a primary search
area and in the case of a large avalanche, several
scanning strips have to be juxtapposed. Curve 1
of figure 9 represents P for a single scan. In

. C . .
curve 4 the two walklng llnes, for a slngle or
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Figure 8.--Example 1: Primary search area, one
searcher.

X-li=:t"'-2.~IOll'lal/ s: SCAN LINE (S)

Figure 9.--Probability of contact and joint proba
bilities of contact for different distances
between walking lines. (2 * (R - 2 * 0) is
98% width of search bands from figure 12).



simultaneously operating rescuers, are 4 * (R
* 0) 's apart. The joint probability is given

tWO

- 2

bY

P
Cs

+ *

p (%)
ERROR IN PINPOINTING

(US-68) BARRYUOX (1974)
lee ......

SECONDARY SEARCH (PINPOINTING)

The secondary search starts with the first
perceptible signal from the buried transmitter.
Independent experiments performed in eight
different European countries (IKAR, 1984) showed
the following medians for pinpointing:

ISB168148128S8 188

ERROR IH CH

68

to----6 AlHEllH" VERT! C"l
G.. .., AIHEHHA HOR IZOIHAl
....... AtHENI~A P"IW0I1 '58;

48

-"__:-:t;:7".....-=r......

•••
•ra•• oft•• oft•• -&-....••

~ ..... '

/ .
..... •....ra--oftoo.ri........

! ...raoo-<r'-Boo-e
!
I ...,. ?.....oo·e

~ :'
; :

; .:

28

.....oo.!!

8

2e

o

68

88

localization
time (sec)

330
590

localization
error (cm)

55
109

Transceiver

BARRYVOX
PIEPS 2

In the middle between the two walking lines, where
the probability to have contact after one passage
haS dropped to P = 0.84, the resulting
probability P

Cs
is 0.~74. The corresponding search

pattern for a real situation is illustrated in

figure 10.

Figure 11 illustrates another experiment where the
localization error is given for three different
orientations of the transmitting antenna.

Figure ll.--Error in secondary search for vertical,
horizontal and random orientation of the
transmitting antenna.

With a reasonable training it is possible to
obtain better results than listed above and the
uncovering of the victim can be speeded up.

Figure 10.--Example 2: A large area has to be searched. With one strip skipped in the middle,
the whole area marked by the outer lines has a probability of contact above 97%.
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TRANSMITTER
BARRYVOX ORTOVOX PIEPS 2 PIEPS 3 REOAR b

RECEIVER
BARRYVOX 63.0 17.9 15.0 11 .5

ORTOVOX 30.0 15.2 16 1 13.0 12.3

prEPS 2 12.9 20.4 13.2

prEPS 3 16.8 13.7 15.2 13.2

REOAR b 19.4 19.0 12.3

Figure l2.--0ptimal search during the first 10 minutes. Width of 98% search bands in m,
{corresponding to 2 * (ll. - 2 * a) •

CONCLUSION

A speady search for avalanche victims is
feasable only by a team member who witnessed the
accident. The chance of survival of the victim
drops from 80% to 60% if the whole rescue, primary
and secondary search as well as digging up, does
not exceed 25 minutes. Because the optimal
probability to get contact with the victim has to
be above 96% during the first 10 minutes,
transceivers with a long range are required.

LITERATURE CITED

Bachler, F. 1940. Vorschlag fiir einen
Summerapparat zur Feststellung von in Lawinen
Verungliickten. Brief (5.5.l940) an KTA, Bern.

Fohn, P. and H.J. Etter 1985. Verbessert das
Kameraden-VS-Gerat die Ueberlebenschance bei
Lawinenunfallen? Mitt. 39, Eidg. Inst. fiir
Schnee- und Lawinenforschung, Weissfluhjoch/
Davos.

Good, W. 1969. Bericht iiber die. Priifung von
technischen Hilfsmitteln zur Ortung von in
Lawinen verschiitteten Personen. Int. Ber.
496, Eidg. Inst. fiir Schnee- und
Lawinenforschung, Weissfluhjoch/Davos.

182

Good, W. 1975. Problems with the transmitter
receiver for locating avalanche victims.
VE-Symposium, Solda: Avalanches; protection,
location, rescue p. 77-99.

Good, W. 1979. Verschiitteten-Suchgerate. FORUM
DAVOS: Skifahren und Sicherheit III, Lawinen
p. 74-8l.

IKAR. 1984. Bestrebungen zur Frequenz-
vereinheitlichung der Verschiittetensuchgerate
fiir die Kameradenortung. (W. Good) Int. Ber.
621, Eidg. Inst. fiir Schnee- und
Lawinenforschung Weissfluhjoch/Davos.

Jaccard, C., M. Schild and O. Buser. 1966.
Bericht iiber eine Priifung von Verfahren zum
Auffinden von Lawinenverschiitteten. Mitt. 26,
Eidg. Inst. fiir Schnee- und Lawinenforschung,
Weissfluhjoch/Davos.

Lawton, J .G. 1968. SKADI - Avalanche Rescue
Beacon. Presented at IEEE Natl. Telemetering
Confercence, Houston, Texas.

Quervain de, M. 1963. Probleme der Lokalisierung
von Lawinenverschiitteten. VE-Symposium,
Davos: Dringliche Massnahmen zur Rettung von
Lawinenverschiitteten p. 15-25.


	issw-1986-177
	issw-1986-178
	issw-1986-179
	issw-1986-180
	issw-1986-181
	issw-1986-182

