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1. INTRODUCTION

Now mainly the multistation systems
(NLDN in the USA, SAFIR in Western Europe)
based on monitoring of an electromagnetic
field of the Earth in VLF and VHF ranges are
used to supervise thunderstorm activity. Lacks
of multistation systems is insufficient reliability
that followed from necessity of the
communication networks providing information
interchange between spaced items, tools of
synchronization of time on submicrosecond
level, and also

On the globe there are many regions
where either it is impossible or unfairly
expensive to organize necessary conditions
for an installation of multistation systems (a
surface of ocean, for example). In that case
usage of single-point Thunderstorm Direction
and Distance Finders (TDDF) is perspective.
To the advantages of single-point systems of
lightning location concern, first, more simple in
comparison with the multipoint systems
workmanship that causes their rather low cost,
second, an autonomy (and consequently — a
reliability) and a mobility.

One of the latest novelties in the area of
single-point systems of monitoring of storm
activity development is offered within the
framework of the projects of the International
Scientific and Technological Center (ISTC)
http://istc.ru/ISTC/sc.nsf/html/projects.htm?ope
n&id=1822 the Autonomous TDDF (ATDDF)
working in VLF range. This device uses the
advanced model of a lightning discharge as
the equivalent electric space-oriented dipole.
This model enables to receive more
trustworthy information about a lightning
location.

The most important problem in work of the
single-point systems of storm location is
ineradicable error in the bearing determination
of each source of radiation taken separately.
Amount of this error depends on orientation of
the lightning equivalent dipole, and the
“pseudobearing” determined by the device for
horizontal dipoles does not depend from the
real bearing at all and is defined only by

projection of orientation of the dipoles to the
ground plane.

The given problem can be solved only by
the analysis of the information from all set of
discharges of the storm centers as a whole. At
International Lightning Detection Conference
(ILDC’ 2004) in Helsinki [3] authors announced
to display the stream of signals as a map of
lightning discharge hit probability density in
this or that point of terrestrial surface. The
representation proposed increases probability
of definition of true thunderstorm discharges
location and, hence, raises accuracy of their
fixing.

In the report the technique of the
realization of this approach also as the
difficulties arising at it, and the variants of their
decision are described in detail. lllustration of
application of the developed algorithms and
software are shown.

Data were taken from field tests of the
ATDDF conducted under ISTC project
http://istc.ru/ISTC/sc.nsf/html/projects.htm?ope
n&id=1822 in summer of 2004. Field tests
were carried out within three months. During
this time it has been registered 600,000 of
atmospherics. Thus, the information base is
sufficient to research the adequacy of
thunderstorm discharge location method. Data
presentations as the probabilities density
maps has been collected.

2. MATHEMATICAL MODEL OF MAPPING

Let values (r,¢4,d) be the polar

coordinates of the lightning equivalent dipole
for the measuring device coordinate system.
As it is known [3, 4] cartesian coordinates x, y
of the dipole meet condition

Xxcos@+ysing = rsinfcos(@-¢)=ru (1)

This equation includes known parameters
u,r,@ (r is distance from the dipole to the

observation point, two others parameters are
the variables of the discharge dipole model [1])
and unknown X, Y,/ that is a feature of an



uncertainty. The normal solution of equation
(1), i.e. nearest to the origin, is equal

X, = rucosg,
y, = rusing. )

Set of the possible XOY projection of points
of the dipole location may be constructed as a
convex hull of the most far points of the
possible dipole location on line (1). The
coordinates of these points are equal [1]

X, = r(u cospF~1-u’ sin¢),
Y, = r(usin¢i\/1—u2 cos¢).

@)

On plane XOY coordinates X,y of all

probable points of the dipole location generate
the section of straight line (1) between points

X;,Y, andX,,Yy,. The coordinates of points

for this section enable one-parameter
representation:

x(@) =rucos @+ r(2a —1)V1-u? sin @,
y(@)=rusing+r(1-2a)\1-u’ cos @,
O<ac<l. (4)

Apparently that value third coordinate of a
considered point is equal to:

2(a) = I =X (@) - y* (@) = 2rJa( - a)(1-u?).
(5)

Thus the coordinates of points from the set of
probable location of the dipole have the one-
parameter representation. A measure of the
set given is:

1\/ dx(a) ° . dy(a) Z+ dz(a) ? i

|

=2r1- uJ’/ (1_ —3da 4.844r 1 u?

The hypothesis of uniform density of
probability distribution for the dipole location in
admissible points gives the prior probabilities

distribution of the parameter 9 The density
function of this probabilities distribution is

0.17
f, (&)= Véu-9

0, else.

-0.5, if& [o,1], (6)

The function (6) can be used for thunderstorm
activity mapping by the way showing density
distributions of a lightning discharges number
per unit area.

As we can see from the distribution, the most
probable locations of the discharges are
boundary points of an interval, inside an
interval the probability is close to zero. At use
of the previous model the location was found
as a bisecting point of a segment. Thus now
we obtain two most probable locations of the
discharge. We can make the further selection
of a point from the probability interval, which
will be accepted for locations of the discharge
by two other methods:

Select one of points of the most probable
location under principle of proximity to points
of the most probable location of other
discharges of the thunderstorm locus.

Form the probabilities density thunderstorm
map under a priori distributions (4) analyzing
the whole information set about the
thunderstorm lightning flashes.

First method may be realized in the following
way. Under the term «the partial locus set» we
perceive the set of the lightning discharges
having a non-empty intersection of sets of
probable location points of the equivalent
dipole radiant. Let Q be the minimum on
cardinal subset of the partial locus sets being
partitioning. The set Q determines time-space
clustering of thunderstorm activity. Under the
term «locus set» we understand the members

of Q. The centre of locus set I is determined
as

(4.,) =g min’3 (xcosgt +ysing-qu)", - ()

where ol @, are parameters of i-th

discharge. For mapping of discharge i1 we
use the coordinates

(X.y) =arg {o=xy +(y-y)-

min
x ,Y: Xcos @ +ysing =h;

(8)

The removing of a discharge from the locus
set is realized by the time criteria.



For realizing second method we allow
representing of ground plane as
checkerboarding map. For each cell C let us
define expected quantity of lightning discharge
hits

E.= ,(8d&
(

i (x<0>,y.<o>),(xzﬂwi<l>) NC*  &(x(E%(@) C 9)

where values (x(a),y, (@), a [0,1] are

allowable coordinates of lightning discharge i
calculated with expression (4).

Such short time mapping is useful for
thunderstorm warning and nowcasting. Long
time mapping is useful for forecasting of
thunderstorm activity. In last case it is reason
to form the map of lightning discharge
probability density.

3. SOFTWARE

Let us present second method in details
that are realized in computer program. This
program gives us abilty to view the
thunderstorm activity as a 2-D visualization of
the expected quantity of discharges in the map
cells. The visualization process was based on
expression (9).

The terrain where thunderstorm activity is
monitoring (its size from physical limitation of
TDDF operating range is equal to 300 km) has
been represented as array of ‘cell’ objects.
The ‘cell characteristics are location
coordinates X and Y, size S, short time
lightning counter SC and lightning hit
probability P. Size S is both user-defined and
program-defined characteristic. Its possible
values are 1, 2, 5 and 10 km. The rest ‘cell’
characteristics are program-defined. Short
time lightning counter SC displays data for
warning and nowcasting problems. Lightning
hit probability P displays forecasting data

For each newly fixed lightning discharge
the program constructs single object
‘Discharge’ with private characteristics R, U,
Phi, T. The characteristics values correspond
to measured values U,r,¢@. and arrival time

for the discharge. Object ‘Discharge’ methods
permit to determine the set of objects whose
images are intersecting the set of possible
discharge location constraint (4) driven. For
each ‘cell’ of this set the Discharge hold is
calculated. Value of the hold is equal to the
corresponding integral in expression (9).

The main visualization procedure for each
incoming discharge constructs single object
‘Discharge’ and places it in the queue. User
defines parameter T that is equal to time of
object ‘Discharge’ existence. In real-time
operation mode for each ‘cell modified are
short time lightning counter SC and lightning
hit probability P under queue objects.

The visualization part of software enables us
to view SC and P maps.
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