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LOCALIZATION OF AVALANCHE RESCUE TRANSCEIVERS BY MA GNETIC NEAR
FIELD SIMULATION

Wolfgang Mayr* / Markus Stichlef / Gerd Waizmanh

! University of Applied Sciences Rosenheim, HochssinaRe 1, 83024 Rosenheim
2 proTime GmbH, Joseph-von-Fraunhofer StraRe 9, 882i&n am Chiemsee

ABSTRACT buried path of the point of first
avalanche rescuer  reception

If a person is buried by an avalanche, the surviiyab
decreases significantly within minutes [1]. Today ///
skiers are usually equipped with standard avalanche
rescue transceivers. After a signal from the buried,
transmitter is received ( step 1 ), the rescudovid

the magnetic field lines towards the victim ( s&p.
However, in the most critical cases of deep burying magnetic field lines

the horizontal coordinates of the transmitter cam® Figure 1 Standard Search Strategy
determined with the necessary precision by the\fter the signal from the buried avalanche beacon
standard method. So time consuming mechanicalas been received for the first time ( point Ahg t
avalanche probing must be used for finally locatizi rescuer goes towards the victim along the magnetic
the victim ( step 3 ). We have developed a numkricgield lines generated by the buried avalanche beac
technique for simulating the magnetic field of theAt point B, he will get a maximum signal leveligim
transceiver based on some probes of the magnetifum distance display ). He crosses this point tinil
field vector. This enables us to calculate its mmtal  signal becomes significantly weaker ( point C ) and
position with an uncertainty of some cm. The latterturns round. Near the first maximum he tries tal fin
two steps can therefore be combined, reducing theigher signal level by searching in the perpendicul
overall search time and complexity. This procedureirection ( points D and E ). However, the positin
has been successfully tested using an experimentalaximum signal level usually is not directly abtve
setup consisting of a 3D — ferrite antenna and B USvictim ( see chapter 1.2 ), since the magnetic ldipo
data collection system connected to a laptop. antenna’s direction is not defined. So time consgmi

mechanical probing is necessary before starting to
Index Terms —Avalanche rescue tranceiver, mag-dig out the victim.

netic dipole field, near field simulation

of deep burying the precision of this method is not
1. INTRODUCTION sufficient to start immediately to dig out the Vet So
additional time consuming mechanical probing is
necessary [3].
1.1.Standard Search Strategy
1.2.Properties of the Magnetic Dipole Field
When localizing an avalanche victim the following
standard search strategy is used. After the signdin avalanche beacon at the origin of the coordinate
generated by the avalanche beacon of the victim igystem generates an oscillating magnetic dipold fie
received for the first time from up to 50 mtdisce  Wwith a standard frequency @f57kHz+80Hz [4]. In
[2], the rescuer follows the magnetic field linesfree space at the position it can be written in real
towards the victim on a bent path in that direction form and S units as [5]
where the signal strength increases. After crgsia 11
victim's position the signal becomes weaker. TheB(F, t)—4—[ﬁ3(ﬁ (M) O - ] G Ceodkr - wt)+
rescuer goes back to the position of maximum signal T r

level and searches in the direction perpendicolaine + Mo E[B(ﬁ m)[ﬁ _ Fn] El& II'l;in(kr _ wt)+
first one for an even higher signal level. This 4 2

procedure of alternating perpendicular search is AT EK

repeated, until the position of maximum field leiel + ﬁrtﬁ(nxm)xn] , [codkr - wt) (1)

localized ( see figure 1 ). However, especiallgases
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In this equationm denotes the vector of the mag- z

netic dipole momentji is a unit vector in the direc- A
tion of F and k=2m/A is the wave vector. The Surface of «
wavelengthA for 457 kHz is 656.5m. According to  the snow : . X

[10] at a distance of less than 4m used for thalfi
search the free space solution for the magnetit ifse
adequate. The r — dependence of the three terms is
1/r®, k/r® and k*/r , respectively. The first term in
(1) describes the quasi - static B - field of agmetic
dipole with its1/r® dependence, the last one is the far
field radiation term. The second term is an intatime

ate field contribution proportional td/r*. For a dis-
tance ofr =1/k =1045m all three terms are of the “Z
same order, since the expressions in the squared
brackets, describing the anisotropy of the fieldtde

butions, are all proportional to. At a distance of e.g. Figure 2

f;gofrom the antenna the r-dependent terms have tlﬁefinition of the variables for the calculation tife

position of maximum field strength.

a avalanche beacon

ferrite antenna

Ur®:k/r?:k*/r=1:kr:k’?=1:0.038:0.0015.
The first and second term have the same anisot- B(r,?) = ’u"mD'1+3SO§§ .
ropy. Because of their time dependenceskr — wt) an r

and sinkr —at) , respectively, they have to be added | equation ( 3 Y is the distance from the dipole
in a RMS manner, so that a second term Contributioand 9 the ang|e between the magnetic d|po|e moment
of 3.8 % results in an amplitude change ofm and the direction of observation. The situation is
v1+0.038 -1= 007% only. From these considera- shown in figure 2. Using the variables definedig f
tions it becomes obvious, that for a maximum dis¢an ure 2, we get for the magnetic flux density at she-

of 4m only the first term contributes within a meas face of the snow as a function xfif m lies within
urement uncertainty of a few percent. Since thesmeathe xz — plane.

urements for a precise localisation of the avalanch

(3)

victim are_made at distancgs of no more than 4m in 3[ﬂx E¢05a+zosina)2
the following we only consider the first term. This " 1+ (x2+z§)
term is written as By(F,t) = B(F) [todkr - wt), B(X) = /ZLO (4)

3
— ,XZ + 2
where B(F) is the magnetic flux density generated by %
a static magnetic dipoleB(7) is symmetric with re- It is sufficient to look ontox only, since the mag-
spect to the axis of the ferrite antenna of theéaace netic field is symmetric with respect to the axighe
beacon defined by its magnetic momemt The equa- antenna. Adding & component to the position on the
tion for E(F) can be rewritten as snow surface will increaseand?d . Therefore the nu-

merator of ( 3) will be decreased and the denotaina
- will be increased, resulting in a smaller valueBor
B(F) = ﬂgsn_?m - &g%gm (2)
4 r 4 v

Calculations of the signal level at the snow’s sur-
face using ( 4 ) allow to identify two critical -

Because the expressions in the curled brackets ofONS: Figure 3 shows the first for a burying depth
(2) are scalar quantities, it becomes obvioua, fi, 2m. There is a deviation of up to 50cm between the
~ _ . point on the surface directly above the victim amel
i and B(r') are in a common plane.

location of maximum signal strength. The second oc-

curs for an anglexr of zero or 180 degrees. Here the

1.3.Position of maximum Signal Strength maximum is very flat and the rangeofor a decrease
of only 0.1 dB with respect the maximum &t=0

The magnitude of the magnetic flux densBfr,)  extends from -0.53m to 0.53m, also resulting in a

generated by a magnetic dipole can be expressed kgrge uncertainty.

using equations given in [6] as



operation of transpositiof¥], it can directly be writ-
ten using the normal vectors of the planes.

delBx(r,, 1) B.x(E . R ) Bx( -0 ))=0
(7)
Letr, = (xA, Yo zA) and assume, that the and
y, coordinates of the victim’s position are known,

then (7)) is a quadratic equation for the remagrin-
coordinate, usually resulting in two solutions.&in
the direction of the magnetic momemit of the ferrite

T

deviation / m

0 50 100 150 200 250 300 350

Orientation o of the transmitting antenna / degrees antenna is defined by the common straight linéhef t
three planes, it is possible to calculates 2 in equa-
Figure 3 tion ( 3) for each of the points of measuremewt an

shows the deviation in meters of the position ef theach solution of (7).

maximum signal level at the surface of the avalanch

as a function of the orientatiorr of the transmitting [J_r i EﬂF. —(x v,z )T)]Z

avalanche beacon antenna, if the victim is burigd 2 coS & = F—— A=A A7 i=123
below the surface. At angles of 0, 180 and 360 de- Ty _(XA’yA’ZA)T|

grees the maximum signal level can be measured di- (8)
rectly above the victim. However, for angles of @bo
15, 165, 195 and 345 degrees there is a deviatfon o
0.5 m. This is too much for starting to dig out the

Here i is a unit vector in the direction ah or

tim —-m defined by the common straight line of the three
planes. With the aid of ( 8 ) and ( 3 ) the theioedt
2. DETERMINATION OF THE Z — COORDI- value of the ratio of the magnetic fields can blewca
NATE OF THE VICTIM'S POSITION lated for each of the twag, z- values.
If T, denotes the position of the avalanche beaggn, _1+3cosd Ny~ (xA, Yar ZA)T ’
the position of the receivinq antenna, which measur & ~ 11 3002 I, ‘(XA, Yas zA)T|3
the magnetic flux densityB(F,), then the vector
E(FM)X(FM —FA) is perpendicular to the plane defined i,j=123 i>j (9)
by B(f,) and , =f,. Then for all pointsx on the The valuesa, will be identical to‘lﬁl‘/‘éj‘ only for

plane we get [7] one of the two z — values, which then is the correct

- one.
B, -7)|dx-7.)=0 (5)

3.NEW SEARCH STRATEGY
If we have three points of measuremejyt, 1,,,

and 1,, and the corresponding magnetic fields

. L - 3.1.General Description
B =B(r,,). B,=B(,, and B,=B(f,,), respec-

tively, then three planes are defined in this way. According to the theoretical considerations above
~ ~ three measurement points would be sufficient. But
lB, X(FM,i —FA)JD? = lB, X(FM,i —FA)JDJ'A i=123 when taking measurement errors into account, better

(6) confidence is obtained by using more. However, this

increases the time for the calculations. Five point

For three planes in general there will be exactly’@v€ proven to be a good compromise. After the

one common point, i.e. the system of equations) ( 6 avalanche victim has been localized by the standard

has a unique solution. In our case, however, treedi search method, this position is marked. Subsequentl

tion of M must lie in each of the three planes defineof"ve measuremer'lts (')f the magnsnc EIUX dens_|*ty are
by ( 6 ). So there must be not only one point but aPerformed resulting in the value8 , B, . . . B;,
entire straight line, which is part of each plafeec-  respectively. The positions,', 7, . .. [, of the

essary mathematical qo.ndition fqr that is, thatdae measurements should be located at a distance of 1 t

terminant of the coefficient matrix for the systerh 4m from the marked point and should have an

th_e thre.e t.aquapons WUSt vanish [7]. Since therdfateapproximately uniform angular distribution ( fig) 4
minant is invariant with respect to the mathemética



points on this circle generating a regular pentagon
A X have been chosen. To get the final positions fer th
N e . measurements each coordinate of the five points was
| changed by adding a random value uniformly
5 I distributed in the range from-Ax  to +Ax .,

avalanche | -Ay to +Ay and -Az to +Az

| max max max max !
| respectively. In order to include measurement srror
P in the simulation, additionally each componentha t
five B — vectors was changed in a similar manner by
' adding a randomly distributed error. The random
| distribution was a normal distribution with meaartd
I
I

a standard deviation ofp[téf‘, 0<p<l. The

orientation of the magnetic moment of the avalanche
Area A beacon’s ferrite antenna was completely random, too
All the random values described above changed from
|§imulation to simulation. Three grid sizes weredise
20cm for A1 , 5cm for A and 2cm for A The
simulation results show, that the x and y coordairet

the avalanche beacon can be determined much better
than the depth. The results are shown in figure 5.

Figure 4

shows the positions of the measurement positions M
to MPs; around the initially marked point M
determined by the standard search methodisAhe
smallest rectangular area with sides parallel tce th
axes, which contains all points.

grid and z — value is determined by minimizing the

. . 0% 1% 2% 3% 4% 5% 6%
following expression

percentage error p

T T T T T
Using the minimum and maximum x and y values _ -
of the measurement positions a rectangular area Ao 5 a 425 g
can be defined, which certainly includes the trag-h o w
zontal position(x,,y,) of the avalanche beacon. On ; g 41 o 4 20 §
A; a coarse quadratic grid is defined. For any trgdle S = o © )
measurement points and corresponding magnetic ﬂux(:ts S 3 1158
values and for any xy - coordinates of the grid awe S 9 5
. . O = O O

values can be calculated according to equation.(7 © 5 2 410 N
Using ( 8 ) and ( 9 ) the theoretical rating of the g © %
magnetic flux densities for any pair of measurement® 10 1° 2
points can be calculated. The optimum point of the © ﬁ; | | | | | S
o

3

~1\2 Figure 5
% _ ‘B' shows the RMS deviations for 20 simulations foheac
E=>|a,~1=| - (10) : L
= BT‘ percentage error p. The circles indicate the averag

of the deviations in x and y direction, the squares

those in z. Note, that the scales for both types of
Using a smaller areajfaround the first optimum deviations differ by a factor of 5.

point together with a finer grid allows to find atter

solution with a resolution limited by the grid size  |n case of errors for the B - field the localizatio

This can be repeated, if necessary. algorithm as described above sometimes fails, secau
_ _ the errors may lead to a better optimum at a wrong
3.2.Simulation Results position. In order to avoid such results, threeiadd

tional checks are performed: Equation ( 7 ) mustha
Simulations of the localization procedure described real ( not imaginary ) solution, acceptable atues
above have been performed in order to see, howwust be below the plane defined By, T, and
sensitive the result depends on the choice of the.
measurement positions MRo MPs; and possible E
measurement errors for the magnetic field.,M® measurement must be compatible with the limits for
MPs have been determined in the following mannerthe magnetic moment of the transmitting antenna as
The starting point was a circle of 6m diameterha t defined by the standard [4]. The simulations also
Xy - plane with its centre located at a z — cocatén clearly show, that the value & cannot be used as a

z, directly above the avalanche beacon. Then fiyeriterion for the precision of the localization.

and the signal level generated at all points of



4. EXPERIMENTAL RESULTS

Today’'s avalanche beacons — often known by the
French acronym ARVA (Appareil de Recherche de
Victimes d’Avalanche) — are based on transmitter
devices generating a pulsed magnetic field at
457%Hz+80Hz, with a pulse period of
1000+ 300msand a duty cycle of 70ms to 900ms. Its
exact specifications are regulated by the stanBaisl
300718 [4] for ensuring compatibility between
different brands and models. For applying the new
search algorithm it is necessary to detect thevecti
parts of the beacon signal and hence to estimate th

related magnetic field vectod at different MPs.

Figure 6 depicts the experimental setup, which was
developed for testing the new search algorithm. One
of the main components of the test system is tiréde
core of the 3D — antenna, as shown in Fig. 7. Tae m
terial of the rods is 3B1 from Ferroxcube with ai i
tial permeability of 900+£20 and a saturation mag-
netization of 380 mT [8]. For reducing antenna-cou
pling between the three different axes the rod® hav
be strictly orthogonal with respect to one another.

Figure 6

shows the experimental setup. At the top therbds t
3D ferrite antenna, then follows the unit contamin
the electronic compass, the pressure sensor and the
local display. In the box on the rear side there #re
PicoScope, type 3424 and the antenna amplifiers

In addition, the coils on each antenna have to bgonnected to the laptop at the bottom.

electrically shielded, since the electronic ostilteof
the avalanche beacon also generates an elecidg fie
which could disturb the magnetic field measurement:
significantly. The 3 antenna amplifiers are basedo
modified version of the amplifier described in [9],
which is running in resonant mode. The sampled out
put signalsv, (k), v, (k) and v, (k) of the amplifiers
were captured using a USB powered four channel 1
bit resolution digital oscilloscope. The capturediat
each MP was chosen to be 2s at a sampling rate
1MSamples/s. The complete analysis was develope
in MATLAB running on a ruggedized laptop. For the
analysis of the capture buffers, (k), v, (k) and

v, (K) it was necessary in a first step to suppress ur

wanted interference by applying a band pass filter.

with start and stop frequencies db7kHz+100Hz, Figure 7

respectively. The detection and estimation of th-grrite core of the 3 D antenna. The length of the
magnetic field vectors8 was in a second step basedthree rods is approximately 110 mm.

on a matched filteh(k) [11]

mand |g, ()| |¢, (K, [e.)| f2 v, (12)
9 (k) = v, (K * h(k)
@, (k) =v, (K * h(k) (11) which is the minimum SNR required for the further
and ¢, (k) =V, (K *h(k), analysis. If none of the matched filter outpwgk) ,

v, (k) or v,(k) fulfilled the SNR requirement, the
where h(k) = s(-k) is the matched filter with respect MP was withdrawn and the current measurement had
to the transmitted beacon sigre(k) as defined in the 0 be repeated at an additional MP. Otherwise
standard. The maxima of the matched filter outputs, = argm ¢x(k)‘1 ¢Y(k)‘, 9, (k)‘ } the maximum

'z[ihre f?]r lt:e signal detection compared against @ SNRqsition of the strongest matched filter outputswa
resholdy




used for the estimation of the magnetic field compol ..

nents: 7 [ex
sgrlg, (k) 3| (k)] - e —_—
B =a, 0 sgr(g, (k,)) Q|¢, (k)| |. (13) | —
sgr(g, (k,))Q|¢, (k,)| I I S —
zf L] o i 18 ATE

where g is a scaling factor comprising the antennaj| -
the amplifier and the data capturing propertieseseh 56
magnetic field vectors were used for the furthercle ’ 54
strategy as described in section 3. Figure §| . g
exemplarily shows the graphical user interfacg| |. x
depicting the results of the search algorithm. :

5. CONCLUSION

1

We have shown by simulation and first experi-
ments, that by using the properties of the magnetil, —
field generated by an avalanche beacon it is plessibFigure 8
to localize it with a precision, which is sufficieto =~ MATLAB graphical user interface implemented on the
immediately start to dig out the victim. So the ¢im laptop. The coordinates of the measurement points
consuming step of mechanical probing is not neceszan be seen in the table named “coordinates” in the
sary any more and the chance for survival becomeaspper half. On the right hand side the calculated
higher. However, for real use it is necessary tottyge  coordinates of the avalanche beacon are displayed.
coordinates of the measurement points with thesieceThe large square contains a graphical representatio
sary precision automatically. This can be achidved of these data. The circles represent the measuremen
a differential GNSS system, which will be added agoints, the cross indicates the calculated posititime
next step. upper little square on the right hand side is a
graphical display of the error as function of the
coordinates. In this case the true position of the
avalanche beacon was x = 2,80m, y = 3,36m and z =

o =1
o 1 2 3 4 L] B =1 -08 o 05 1
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