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BRAMS is a radio nawork using forward scétering techniques todetect and chaaderize neteowidsfalling into
the Eath’s amosghere, roughly above Belgium. In this article the most reent alvances in he BRAMS network
and aayzing BRAMS daa are presental. First, acdibrator tha hes bea added to all receiving stdions is
descibed. t ams at providing a eference for both anplitude ad frequeng. The importance of this calibraor in
future analysis of undedensemeteor ecloesis explained.Seond,a desaiption of theinterferometer inHumain is
provided as well asdetails of future calibraton using a UAV and the calibratar. Finally, tests of the mehod
proposel by Roelandts (204) for automaic detetion of meteorechoes n BRAMS daa ae disaussel.

1 The BRAMS network

BRAMS (Belgian RAdio Meteor Sations) is a rdio
network usng forward scatring techniguesto detet¢ ard
chaaderize meteorads faling into the Eath’'s
atmosphere atove Belgium and neghboring countries. It
corsists of a dedcaed trarsmitter located in Dourbes
(SouthEast ofBelgium) ard in ~ 25 recaving stdions
locaed in Bebium. The traasmitter (Tx) is a crosse
dipde antennawith areflecting meallic grid of 8mx 8m,
emtting a pue she wave ata frequency d 49.97 MHz
with atotal power of 150 wetts.

All BRAMS receving stdions (Rx) are ushg a tree-
elementYag artenna and an ICOM-R75 receiver for the
reeeption chain. The received signd is shifted in
frequeng from 49.97 MHz to ~1 kHz wsing the locd
osdll ator (LO) of the recaever. A Garmin GPS18x LVC
Sensor provides a PPS (Pulser Becond)which ensires
time syndronization between the various BRAVS
receiving stdions. The difted signd coming from the
receiva ard the signd from the GPS resver ae
sanpled simultaneoudly by a USB external sownd-card
BERINGHER UCAZ22 and stored on a local PC. The
frequeny stability of the LO is not very good such tha
the frequency carier can diift alot (typically ~ 100-200
Hz) dependngon thelocd temperature.

2 New calibrator for the BRAMS stations

In 2015, anew calibrabr has be@ added to ead gation
with the goals of manitoring the gan and frequengy
drifts. Ths cdibrabr, designed at BISA, enits a signal
of known frequeng and anplitude and is fed into the
receive via a Tee comedor. It is powered by mcro-
USB. Figure 1 is a sclemdic of the new recaving chain
of a BRAMS stdion while Figure 2 stows te cdibrabor
andhow it is insertal in the reaeption chain.

—— Ampl. & Freq.
49.97 MHz calibrator

49.9705 MHz
Power
combiner
[

Receiver GPS RX
ICOM IC-R75
L
PPS + NMEA
Audio freq. NMEA
Sound card Control
Beringher UCA222 | USB PC

Figure 1— Schematic of the reception chain of a BRAMS
station including the newBRAMS calibraor.

The pwer level of the inserted signd is of -130 dBm
(=10 W) andcan be controlled by software with steps
of 3dB. It provides a SN ratio >20 BB ina 0.3 H band
which isthetypicd frequeng resolution used in BRAMS
specrograms. The frequercy o the signa is 49.97050
MHz sud tha the signd gppeas 5@ Hz abee the
beaon frequency in the awio band. This frequecy can
be nodified in orde to gpea in aregon of the receiver
band where ndtrail) meteor echo occurs. The internal
frequency reference usng a Tempeature Controlled
Crystd Oscillator ensres a much bdter frequency
stability (afew Hz) than the LOin the recever. Since te
signds of the BRAMS cdibrator and from the atenna
are ombined in front of the recaver, the frequency drift
of the LO affects lioth signds in the same way.
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Figure 2—New BRAMS calbrator insered in the recepbn
chan.

Figure 3 shows an &anple of a spedrogram ohtained
with the new reception chain. The arrier frequency
appears aound 1190 Hz with sevesl airplane ard meteor
trail echoes within + 50 Hz. The fad thatthe carrier does
not appear at 1 kHz is due to the inacairacy of the LO of
the reeiver. The forizontd line at arand 1690Hz is the
signd coming from the calibrabr and is shited in
frequenyg by the sane amount as the carrier. Therefore
the first utility of the alibrator is to provide a frequency
referencewhich alows to essily identify frequency diifts
of the beaon. It is partculaly important when the
beaon is barely or not visible & all in some redving
staions duesitherto some obstrudions in the main lobe
of the antenna or to bal tropospheric @ndtions forwave

propagation.

Figure 3— Spectrggram obtained at BEJCCL statim on 13
August 2015 at06:10 UT. Time duration (horizontal axig is 5
minutes ard the frequencyrange (vertcal axs) is [1000-1800
Hz. The dgnal from the calbrator (horizontal line 500 Hz albve
the frequency of the carrer) is clerly visible.

Anather fuureimportant gpplication d the clibrator will
beto provide ananplitude reference. This will be uséul
for the sudy of the prdiles d undedensemeteor edoes,
which cangst of a sidden rise of the received power urtil
it reeches apeak,followed by an eponential decay. The
formula for the pe& can be found eg. in the classcd
textbook of McKinley (1961), page 23. It depads on
geonetiicd factors (gg. the setteing angle or the
inclination of the meteor trajecbry with regard to the
wave popagation plane) on “controlled” factors power
transmitted, wavelength, gans of the transmitting and
receiving anennas), on the pdarizaion angle of the

refleded radio wave and on the ionizaion (electron
dersity) at the reflection point. To retrieve meteoroid
trajedories from multi-station dosevations is one of the
primary goals ofthe BRAMS network and is currently
under way with the METRO prged®. This will provide
the geometrical fadors. The dirediona paterns of the
gains of some of the BRAMS antennas are airrenty
measuredusing a LAV (Unmannel Aerial Vehicle) with
the BRAMS calibrator as pgload ading as a transmitter
(Martinez Picar et d., 2014 2015). For the remaning
antenas for which this cdibraion will not be possble
(eg. beause ve do ot have authorization to fly the
UAV), a theoretical pattern will be used nstead The
poarizaion argle of the meeor echoes can ony be
measured usg crossd Yagi antanas (which will bethe
casein a least 2 stations). Othewise a “easonhle’
value shald be taken, e.g. basedon the satisticd
distributions of the polarization anges of neteor echoes
recived a the 2 stdions above Once all these
paraneers ae neasued, thepeakvdue of underdese
meteor edhoes isdiredly related to the dedron densty a
the speaular reflection point of the meeor trail. Since the
postion of this paint varies for different geometries Tx-
Rx, severd vaues of the eledron densty along the
meteor trail can be obtained using multi-staion
obsevations of a given radio meteor. These vadues can
be conpared to prelictions of an blation modé (using
spead ard incidence agle vdues coning from aur
obsevations) to provide an estmae of the mess of tle
meteoraid.

3 Interferometric station in Humain

The receiving station locaed in Humain (South-East of
Belgium) is an nterferoneter using five threeelenert
Yagi antennas locaed abng two oithogond axes
following the desgn of Jmes et d. (1998) The central
antena is a cossed Yagantena (able b measue the
podarization angle d the incoming meteor ehoes) so in
total there are 6 antennas. By meauring the phase
differences baween hree antemas along each axis, the
diredion of arival of the meteor echo can be measured
unanbiguously and with an accurecy o ~ 1°. The block
diagram of theinterferomeer is given in Figure 4

Contrary toother receiving stdions, the interferomete
uses more epensive reevers (AR-5001D) which
include a 10 MHz reference nput to ensure frequercy
coheenceand staility. A 10 MHz dstribution issending
the reference signd to dl 6 receivas. Unfortunaely these
recavers are not phase coterent, meaning that after
power has ben switched off (eg. due to power failure),
they oart agan with a raaxdom phase. The
frequency/anplitude @librator desaibedin sedion 2 is
therefore usd to injed a sigial to the6 re®iversin orde
to guaante a coninuous krowledge of ther phase
relaion. A more soplisticated ADC is replacing the USB
saund-card and sarples the seven signals smultaneoudy
(6 recevers and theGPS reeiver).

L https/brams.aeonomie.bemetro
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Figure 4— Schentic of the inerferonmeter in Humai.

Data from theinterferoneter are now rouinely aquired.
The net stepwill be to ched the whade system by usng
a ftransmiter located at a known locaion ard the
algorithm de<ribed in Jones et d (1998). For tha
pumpose,the BRAMS cdibraor and a smple monopde
antexna will be added aspayload to the UAV usel for
measuimg the directiond pdatem of the BRAMS
antenas. Thedrone vill fly around the interferometer
and the GPS rewiver orboard will provide its
appoximate position a a given time. By sdeding a
frequeng with no othe saurces neaby, the signa from
thecdibraor can beeasly idenified in the datdrom the
receivas and phase differenes will be cdculated to
obtain the direction of arival of the signd. Severd
postions will becorsidered to calibrate the algorithm.

4 Tests of the automatic detection
algorithm of Roelandts

With ead of the 25 receiving dationsproducing 288 files
of 5 minutes duraton per day, the BRAMS nework
geneates more than 7000 files daly. A recdving gation
detects typically 1500-2000 meeor echoes depending on
the sersitivity of the recegtion chain. Such a huge
amourt of daa requires the use of automatic detection
algorithms for meeor edoes. Thedifficulty comes
mostly from the presece of reflections on many
airplanes tat superimpose on meteor echoes. Inthe past
few yeas, severd attempts to develop reliable and
efficient automaic deection agorithms were propsed
udng dther the spetrogramor the raw audo dgnal (see
Cdders & Lany, 2014 for areview).

One pronising method was propsedby Tom Rodandts
during IMC 2014 (Rodandts, 2014). From a filtered
version of the raw audb sigrd, this mehod compues an
indicator signal, which is roughly the ratio of the erergy
cortents in a shot duraton window (a fradion o a

secad) and in a laige duration window (a few seonds).
The idea is tha underderse meteor peks ntribute
strongly to the erergy content in the short window but not
to the long one, while arplane ecloes will do the
oppasite. Hence theindicator signal should display pesks
atthe locaion of the underdensemeteor ecloes while the
plane edoes shoud be nostly smodhedout. A threshold
isthen applied to deed these peak

To tes this method in more detal, seveal sets ofdaa
have been caefully analyzed by severa experienced
users aml mekor edhoes have been marually countd on
the correspamding fedrograms in order to crete a
referance déabase To ill ustate resuts of the tests, déa
from the Otignies sation obined on 18" March 2015
between 0000 and 01:00 UT are useal hee. This s of
data contains bardy any airgane edoes axd can
therefore be ondderal as “simple’, the difficulty bang
linked mostly in deteting faint meeor edoes with a SN
ratio closeto 1. 120 meteor echoeshave bee courted
manualy for the total of the 12spectragrams.
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Figure 5— Example of resuts obtained usirg the method of
Roelarts (2014) for the daa from Ottigniesohtained at00:15
UT on 15 March 2015. Top panel : signal indicaor asfunction
of time (in number of sanples). Bottom panel : spectrggram
with detections added as red dots.

The method of Rodandts uses 3 importart paraneers:
P1, the length of the short window, P2 the length of the
large window, ard P3 the value of the threshold. In
Figure 5, an anple is shown for daa obtained at M:15
UT. Top mnd shows the indicator signa while kottom
pané shows the spetrogram and he pe&s ddected in
the indicator sgna (red dats). These esults hare been
obtained with “default” paraneters poposel by
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Roelands (2014) for P1~ 002 secand P2 ~ 545 sec. A
threshdd value P3 ~ 0.015 is usd.

In Figure 6 the resuts ddtained varying the threshold
value P3 are presented. The alsolue values of the
threshdd are unimprtant hele and so aitrary units ae
usal. Thenunber of deeded meteorecoes(blue curve),
false negdives(real meéeorechoes missel by themethod,
green arve) and fdse positives (other signds that are
mistakerly counted as meteor echoesby the method, red
curve) are dividedby the total number of meteor echoes
in the reference ddabase ard theefore povided &
pecentages. The blue and green cuwves ae
complenentary and their sumgives1.

As expeted, whenthethreshold increass, the pecertage
of detection deaeases sine mly the largest peals
corregondng to the lkrighted meeor echoes ae then
deteded. The maximum of the blue curve is around90%.
The decrease obsened in the left hand part of the
maximum is due to an additiona trick usel to court
peals in the method. Inded, the indicaor signa may
dispay a complex behavior with many fast oscilations
and within one “appaent” peak,it can quickly go upand
down the treshdd vdue severd times. In orderto avoid
incorredly considering this as seveal meteor echoes, a
criterion is applied to group thesepe&s and ourt them
only asoreif two cansecutive peaks ae not sepaated by
a lead 1 seond. This seemingly arbitrary vdue is
chosen enpiricdly as méea ecoesvely rarely appear
so cloe to eaxh othe. When thethreshold is too low
(below ~ 8 in Figure 6), it detects many of thesefalse
peals ard & a corsequence seserd red meteor echoes
are “merged”, degeasing the number of deections. This
makes the left hand part of the resuts in Figure 6
meaningless.
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Figure 6 — Test d the method proposed by Roelandts usng data
from Ottignies shtion okained on 15 March 205. The
horizon@al axs is the valie d the threshdd (in arbirary units)
while the verticalaxis is the numler of detectiors divided by
the btal nunber of meteor eches in the refrence dadbase.
The blue curve is the percenage detecion of metear echoes,the
green cuve is the percentag of false negatves ard the red
curve representhe percettage offalse pogives.

The problem d choacsing the most appopriate value of
the threshod parameter is complicaied by the large

nunber of false postives hat appearwhen the threshold
bemmes toolow. Too many smdl peaks ae geneated
and ompaable to those due to the weakest meteor
edhoes. Therefore deceasing the threshold help detecting
the latter ones but this is dme at he expeise @
increasing the numbe of false deections.In Figure 6 the
red curve increases very quickly when the threshod
becomes sailer than ~ 15 so smdler vaues shaild not
be considered The problem is that for a threshold value
of 15, the pecentaye of deedion isonly of ~ 65%. Note
that the gateau readed ly the red curvefor lamge vdues
of thethreshold is cue to broad-band interferencewhich
can be eady removed from the databefore processing
them with this method

More analysis will be provided elsewhere, including
varying the otter two parameers Plard P2 to find the
optimal sd& of pamameters in a threedimendond
parameter space, tests vhitmore daa and tests usng an
adative threshdd (following gproximatdy the large
scde vainations d the indicabr signal). The arrent
conclusion is that even with simple data, the method is
not so easy to use. The choice d the adequae threshod
parameter is complicaed by the large number of fdse
negdivestha can begeneated.

5 Conclusions and perspectives

In this pgper two important hadware additions to thre
BRAMS network have beendescibed, nanely the new
frequeng/amplitude cdibrator added to each recaving
station and the interferometer located in Human. The
first one will allow acaratedetermination of frequeng
drifts and of anplitude peaks & underdense meteor
edhoes. Thelatter will provide apredse deermination of
the diredion of amival of meteor echoes, which will be
usefll for the retrieval of meteomid trajedories.

Regading the daa, the method propcsed by Rodandts
(2014) hasbee tested on severd sds of data for which
an acurate manud count is available. One casestudy is
presented in this pgoer, the rest will be published
elsavhere. A peliminary corclusion is that the mehod
might nat be able to provide asufficiently high detecion
rate without beng contaminated by toco many false
detections. More analysis is of course mandatory before
corfirming this condusion. In patllel new mehods are
continuaudy investigated
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