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for neasuring, at one spot on the ground, the point-blan at
whi ch an airplane flying through the overhead sky comnes mm mwm U, e
spot, and a nethod for neasuring the flight position, flight |rec

flight course of the airplane, and the sound noi se produced b
ai rpl ane, using the above describ onBackground Art Accurate

col l ecting of point-blank passing |ne o? an airpl ane pass
overhead sky at one spot on the ground is an essential bas Hﬁm @ &
for increasing neasurement accuracy when various measurements are r med
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AIRPLANE

Technical Field

The invention relates to a method for measuring, at one
spot on the ground, the point-blank passing time at which an
airplane flying through the overhead sky comes closest to the
spot, and a method for measuring the flight position, flight
direction, and flight course of the airplane, and the sound
noise produced by the airplane, using the above described

method.

Background Art

Accurate collecting of point-blank passing time of an
alrplane passing through the overhead sky at one spot on the
ground is an essential basic requirement for increasing
measurement accuracy when various measurements are performed
on the airplane.

In conventional measurement of point-blank passing time,
point-blankpassingtimeisusuallyestimatedbyremovingnoise
components from data on changes in sound noise level, obtained
by measuring airplane-produced sound noise, with reference
to the time when the peak value of the change of sound noise
level is colleted, and further by taking into account the

weather and meteoroclogical conditions and the like.



poi nt-bl ank passing time is usually estinmated by renoving noi se conponents
fromdata on changes in sound noi se | evel, obtained by neasuring

ai rpl ane- produced sound noise, with reference to the time when the peak

val ue of the change of sound noise level is collected, and further by
taking into account the weather and neteorol ogical conditions and the |iKke.
-1 Further, in neasuring the above described airplane sound noi se, by

receiving a UranspoRder 1ieapanse:skanal ;Kavb acRya i 090, M bhah | s

emtted fromthe airrplane and non-directional 1n horiz and by

exami ni ng kees;éqrwllaéé@mrgetaw@@gnw@n SRR I E?gﬁ‘é?%rcii% bhgkd

intensity level of"the radio wave and the airplane nodel identification
data and fhirghtoonebmiht wiala alt amed Ry rdeqodnry tikg1khanapander response
signal, it has been possible to accurately neasure the point-blank passing
time basednen-idheedti®naiennt heMedhtedl pe ok, claget Hyc ekbrlidihgt ensity is
col l ected (Japanese Patent Laid-Open No. 9-90696). In a conventional nethod
f or nmeasur icogredianti-oblsanle tpaesi nthet ichanaecord nget @lekherabofeedldscri bed

ai r pl ane- produced sound noi se neasurenent, the nmethod requires taking into
account cohpltieostied anviedblog ftdet grslitco wearef and dheurhbepdeme madklof data
anal yses, and further the neasurenent accuracy is insufficient and thus not
conpl et el y idgnitsifdcadriypn ¢ tsvand d 14 ghdtheddhtora taeal ip 1 med brdegorangbl ank
passing tinme according to both the sound noise neasurenent and the peak

val ue of t k&A@ SPOTR & 9SRATS B drélel idt NEge DecanPpsideLer ESponse
signal radio waé&, t he nmeasurenent .can ge &grforned w th consi derabl e
accuracy. RGRAFECelvhBepsikeVHtu&odfntihe ePkanepehtietiMsshancd ¥ §R8 radio
wave itself ,is flat in tine,distributdaon, thus usi robl em_t hat
suffici ent ASSurEEY ohe R DIHNR Sed oot A S REREN: £oar o
significan INGreas | %ggi¥g, tA-cul y 4 er of airplanes
t aki ng offEkM%é%%éﬁféﬁgg%gl an inﬁ“ﬁgqgﬁggk#%%}?&%aﬁ E?6E§?2 t han 500 per a
day. In the surrguadiBgeeaktibR@i1akeRabE, thki ABhsdeRsigt YoSAR-BEagR hi gh that
the flight interval may be | ess than 90 seconds, resulting in serious

pol l'ution @fasaiifrR ajierepraaditneiimpud thel $®ovien ddweraas@ of such a high
frequency of flight, the measuring of point-blank passing time according to
t he above ddaselidned raauthat sisermeaslirdengheazansnentdi fthiecmetthbd i dentify

i ndi vi dual airplanes and therefore virtually produce no effect. Also, the
means for respilviesgtekéngriantpecdenntespupbicatethalaniadile fmvkohasoa
problemthat it is alnost inpossible to collect the peak value of electric
filed inteRPSithpdF at RBmpagrengabesk msdadsureadyseRe #RdcHIBIRITRE

| venti on provides & TELIRS. Lor, Mecsurl ng 0oLt o030k BaESLIR LS Py
measuri ng %@@f%f%@g%éywmmardly directed
, Also, in a method for measuring the point-blank passing
time according to both the sound noise measurement and the
peak value of the electric field intensity level of the
transponder response signal radio wave, the measurement can
be performed with considerable accuracy. However, the peak
value of the transponder response signal radio wave itself
is flat in time distribution, thus causing a problem that
sufficient accuracy can not be achieved.
Recent airplane flights are significantly increased in

number, and particularly the number of airplanes taking off



and emtted froman airport, and inputting to a conputer changes in
electric field intensity level of the radio wave. Airplanes are provided
with one to three radi o wave-transmtting antennas) for terrain clearance
measur enent, which antenna has sharp directivity directed directly downward
and is mounted on the bottom surface of the bodyworks thereof . They are f
lying while emtting a directive radio wave of a sweep signal of 4.3 GHz
(in the c f..mhi : i rpla i I r band
caual o or ot REhBEhe g B e B R B kOl e B0 R R P s o
pattern spreadinguusuansindd LB BN Aiopeand dhigaEiAhe AY cah pe 4N the
backward direction and 50(err) to 60 (éerr) in the right -“to - left

direction hihougha ¢ hese Maldias e rHa1f agntbedergBdt Agn 080 aé & fdedle, nodel s.
Therefore, by receiving the above describéd terrain clearance nmeasuring
radi o waver@uDPhengpoh 98ribes gsOLNG: i @Mdo £ NpUEH 1 Nge GEbIEESH dshghd O a
conputer changes in electricfield intensity |level of the radio wave, it is
possi bl e twondé ai n a wavef orm of changes in the electric field intensity

| evel while the emi ssion pattern of the terrain clearance neasuring radio
wave enitted friomithe @aselahesuich a dssimg tdquargly tdfe fAbare deése i bed

spot. At this tinme, the peak value of the waveformindicates that a
vertical phegeupekperdbodnirbilankieassinhttidia eccordingda tbeualPayget he
directly downward axis of the airplane has passed the above described spot,
and t he ti#®SehtPes sONMCRY e Tife syl Lasehbe 1 psgdddey lasta hdepbi hY- bl ank
passing tipe..lf the airplane ha assed through_ the s direcél above the
measuring b %dFﬂiaﬁéﬁgﬁﬁeéﬁ”Ff Cre ?aarFﬂﬁl BPrEctSRg e & f%ﬁ%nges in

electric f'ﬁld intensit s | ue intensit% al so
% war d

+aLen gfoevlgl il on%Ihang1 t he ge&k val

becormes highedt FHFREDEr fodsT eRal VRGP SHRT ARFROUPRT RS POR Sthat €hd
di rection i 1 . : t
data-colIe%%?gg&@?ﬁﬁ?%%ag#%gﬁkﬁégﬁﬁggﬁsE%?%ﬁgﬁglphggsgggngigél}% %nsity

al so beconege Ik FUnLRes s hReteqld £61L8% a8t £ 8kl @fd raQ il PBve Peak
value intensity and the |ike also change depending on the flight altitude.
However, the rising to and the falling fromthe peak value are very abrupt,
and therefore point-blank passing tine can - 4 be accurately neasured as
| ong as t heipeb&svatuefcahebéncehteched. Fig. 9 shows a printed out graph
of changes in electric field intensity level of the terrain clearance
measuri ng radi diiwaveventivherovidescndethodSioomess Sigired pe adtobhavk over 30
m nutes, which changes are obtained by receiving both waves of an _airplane
rising at BdSaingtide BY Hseivingo at abBeesur spePoddtr outdedgbyunds or est
area, which is chatﬁg directly bel ow the takeoff air route and 5 km away

in the di rd@dS0P8F CHEAFRNFRIMT AT TH R G RIW BT S CRE MG gtrRaFfa
ai rport . g%%hou he%q%:received g%ak %glues of tge terrai.,n clearance

measuring TAdro" Tel' ¢ RES HBRET I 5P 8 SRIRF S PR peak

0~ vave acco?%?ﬁﬁpP
values accef d 00t ps LNE; LEANSREOAEL . § ep0oDeCo 8! gl - Lafh 0,46y e are so broad
at 'the points of peak values that t peak polints are unclear. Fig. 10
shows conpari sofli €t #n 85 Mtarp iy ey Gasen Unditeh thradt@ded wth respect
to an airplane descending at an altitude of about 1500 m above a spot,
which is |wgatetrdnsrettynhebnveshg (s pndbagtarraiPuEBefPEN@® km away in the
direction of south fromthe south end of Narita airport. Because the spot

i s | ocat edmatsseasede, andichnantéena ahasonphetp diescbivite oveebead sky,

t he transponder response signal radio waves from many airplanes flying over
the w de rahyechiy dwperdnrpesddi amgundedi grdiheThettborsyridqwsofrbdeo waves
are always received at high level, and thus it _is difficult to identify

i ndi vi dual beexepyks thiegealls, Thayipf el nidravbsse episdnomdiragriveual peak
val ues becone _entirely unknown.. In_contrast to.this, the terrain clearance
measur i ng Fadie %ogécg\flﬂ?plélgngl of 4.3 GHz (in the caseofmilitary

airplanes, a pulse signal of a frequency band equal to or more
than 4.3 GHz), which radio wave is shaped into an emission

pattern spreading usually 30° in the forward direction, 20°



to the present invention is collected clear and sharp in the sane manner as
in the case of Fig. 9. The exanples of neasurenent of the above descri bed
transponder response signals show the cases in which both radio waves are
recei ved by non-directional antennas. However, in the case of targeting an
air route where the flight direction and path of flying airplanes are
approxi mately constant, when reception area is |limted gg t hgeyuse of
unidirectional antenna, it is possdistgl@g %;8 g@d l;gctthteh& H€¢sponse signal for
each airplane. Then, the respensadsignal~is useful as gly i nformati on,
but it, i%ﬂens;ya‘d}i\rtﬁﬁéhtd“irne nmeasur em&*g}%L %%cyf@@yfégrsafcncﬁ%rgﬁk passi ng
i nforrdtion because th RRRH viae 5@ V6 e response signal is flat in wdth
and par tyigd airgcER8ditectivity of the transponder antenna mounted on an
ai rpl ane becones nul | e(ﬁ;e_nsi tivity of zero) in the,dieaegg_{:yaﬂmmmard
directig@n aafrple@ea 5 ane. The i,nver%%ieogbi@ef desfEAShri ng accurate
poi nt - bl ank passit{é]%éti Ry mecesViA§% terrai n cl ear nceggggﬁuriargi radi o wave
downwar dl y diveg& dnd "em tt ed frognagnolaéraﬂce?n@? Tt "the invention al so
all ows receivin tgaes\g@ﬂiq)mév@ WYyVa direct!y- upway dr gi ¢ et toedf antenna to
linit acheasaP&d Wrea. Particul ar Lgmggg@ﬂmaﬂﬁéstlé}rai n cl earance neasuring
radi o wave is .hor'g@@babtsiipéltgr? zed with respect _Lp,i8ecd lolog Rt "di r ect i on,
recei vi ngee 0 wave b}é a un& L r@pid ondd 150P4FT zat i on anten%n]_La permts
the reception a{gal@fer adi 6"fa¥2°t0 be limted Ha aptaneat¥éxt®ding al ong a
mai n ai rireePB: " For exanpl e, .0 the €BseLB¥C art %A rport havi ng Qggal | el
runways, a Ig&gg“tyfofhap‘aeasrilzati on ant ennas cof § SRl PRgS b*each - 6
runway age% VVi ded into the g@ggﬁ@ﬂ vbertmﬁﬁ%}s, t her eby p_errri}rittih@g t he
aut omat i ¢ easypenRguictstHePPassing tines, the puaenngf tPESYY g ai r pl anes,
flight i MEvals and the L Eopive réspeEPet o’ ai rpl anes aki pg @fd or
| andi ng. The; diweot ewityeCharact eri sti c .af 4 henabeeekd¥dcPrbed
uni di rectf&nal pol ari.za%i gg ant exinac s zfllrmea'dy known. Fo%lg)fe\m)tae t he
directivi ta)bog,@efdfeis@rféﬁ‘te D ? a (err)l/2 dailpﬁignépreerpﬁﬂdﬁézl arization antenna
can be calcul ated by the,feldr ag?ﬁéfdi}étl oh, D (err) = %%s:d(é;eis)decosg)
/sin(err) ,w@r@fdimlafjrlgétl vity charact erti,%t agrdtab)’éirﬂ ereof can be
di spl ayed as an el I%{f&-{ ahﬂgim@l\i‘ﬁill%i ch the direct itvi gg,{da;xiesti%etaken as
t he maj or ax&gh(ts@er ig. 6). Theref ork%v@dglsmréb?tjfp& 'uni di recti opal
pol ari zati on antenga&e@{astﬂsmssﬂ 2edipol e type are cqnhi pednantlPdced such
that at |easte ®hEPof the antennas r’r%)énh@é’ecédﬁ!fd(ﬁdr BCtivity axis directed
directly upward ancgl,1 {}@g@bh‘ehgm may have different directions of
directivi tyC<a§<¥%S%nd or different receiving polarization planes,, Thereby,
it is possible tg obtaen the basic data of aziggu,{ljk dikkyedity &Ft W PRV espect
to the spat Paﬁsbogi tion of the adglggggeda;ﬁlrtoh’i inme at thma%%hgg
poi nt, data of azlifn@ﬁ@aaﬁailé?eapn data of fl. h{e&m@@d fon e "ai rpl ane,
together with the point-bl a,nl% p@gi@gqth@é to"f“‘EEal rplanes. For exagphss as
shown as ant etQ?ﬁ%aAuamUGB’oilﬁ‘ Fig. 1, two, polg%'@@tlie@mlam ?al, a2) of
a (err)/2 diE)o e type are cggp{flggl fdiedis 1REE e antennas My, bgikhthave
directly-upward mestgeal"dfrectivity axes %rgdhgghbsmerﬁé?’(‘fe axes of the
antennas are hori zont aggxsgpmae%‘ each ot her so_as fpené pethd
recei ving polgudwarilef pi'anes to be orthogonalrd aieegh*8ther. I'n this
combi nati on, when the g{g@@@,&ahedeﬁ ¥B& The terrain cl gaéggggtmﬁgs’mﬂ‘i‘eng
radi o wave offanghtrpﬁ‘lt e, the signal ggtpégr,@t}ofofbé?ﬁaaﬁ ennas exhi bit peak
val ues at the point-bl apk,pass B@OtirnE6f T he airpl gne, ;ARdnkbeyr alf9
bet ween t he rdﬁp@@ttil\)’e Intensity peakn\qalt%@s;;iemdﬁ vates a speci fic nuneri cal
val ue of the directivity. coefd isficgtt AVal ue ratio shown icglIabténﬂ,t%’?i’ch
numeri cal val uee9% Yependent on thetgéimlmmgi%r%‘?%’ respect to the,
spatial position of the.airpharecht that time . nange depending
pecome 4 the like 8180 €
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For exanpl e, when the polarization antenna al gives a peak value and the
pol ari zati on antenna a2 senses nothing, the airplane position is located in
the azinmuth of the directivity axis of the antenna al. Wen the ratio

bet ween the out put values of al and a2 is |, the airplane position is

| ocated in the direction of the azinmuth angle of either 45 or 135 with
respect to the directivity axis directions of the antennas . Wen the

the directivity ns of the a e
s Pocat odPR: *5 KRS SAGEE S0, AS: JERGn2CnE BoB0EKaRe T P R e

accordi ng tc?ltlg%tr atio. Fig. 6 is a diagramfor showing the directivity
characteri Sti-cs of Both antennas al and a2 in this case, and Table 2 is a
table for show t |0 b i_r@ct Vi f.f] el | ues
according to thgggérs]%eg’c}ﬁdvsgad?%%ﬁ??em@ggjgﬁjﬁ %Feén]jé%\ll ?ﬁelsﬂ %flggr(gf%eant ennas
and the arriyal ﬂ!‘é@r@éi@@l@(zetlhﬁf fRdi@ rvaye.c 1Bt AméhisriAPkaqibt 1S
possible to _ g _ obtal n basic data on azinuth angles wth respect to the
spati al poskiicoanal tRE B ddEhede FUWddiinsd WogRal arhdas ivivagwings al and
a2 of a (err),/2 dipole type are conbined such that the pole el ements of
bot h ant enpasutey, behhehi ziomhab s antk piitalineld bo eacdivimerbcah asveer both
recei ving polarization planes to coincide with each other, and the antenna
al has theodi rectiyplgnaxyssiigert edh dilitdcukde- apwaipdut n’/@hen wbotviec al
direction and the antenna a2 has the directivity axis inclined 30 _toward

t he sky wi sRotespsgpungedhbyvarfarest axiesd . whickhis tineateddirersly
directivity characteristic diagramis given as shown in Fig. 7, and the

di rectivit Pedoaf fhe éatcepiifudd Tar@utRedPat ? Kbhetien hdthe dd&rritdrant

I i fi di t tial iti f air.pl :
Shown i n T43 BO5thTHEPBIGIE O BBRTRE BnEBHSY) A T TE: D JEREZErT pl ane
can be ”eaﬁ. rt%{%w%!n the &'eE%i‘(Y%%”gégﬁ 9?58%‘%%9% &S AN L3le,e and
al so the elévatl angl € wth respect to e airplané position at the

measuring R, Bt of P81 & 1006 G2 1) @d PR i'?b(retrx]u*%%ornaézi&vQ? WReR ot he

out put value of the antenna 2 at this tinme and the output value of the
above descrinkegepRaka MM 4@ ccoAdi®Gety it de¥heBoRBBRItSiphdd@ igave
descri bed conbination of two polarization antennas is useful mainly for
measuri ng thelipasavedaté i Bodatinet rEpo int spas peg ablpkangsstvthle regard
to the passage of airplanes flying along a given air route. However, a
plurality gleathesdnts st emd ezanbi nati ons can be conbined to expand the
measur abl e sky area and_achi eve the increased degree of measuring accuracy
of the - 9 f Fight1Q shewsi eroieR F eeen da tansink kaetonghafasst of digl-e of
airplanes. For exanple, .in contrast to the set of the above described two

pol ari zati o &RtEIned P UhFEPSAT AP SRR IFRIENSoASSCERGIDT FitafBs

ort hogonal t.Q .each other {rectly-upward vertical directjvity,. . if the
ot e al St SRt AR BEBrE S BERES whEeh oaehioERE dieiadt sky i n
the four diyr [ i .res t tica i atﬁﬂ f. the
ant’ennas albegﬁoy g%%! %%g%ﬁnggfﬁéﬁt%%ﬁr}d’%& gfrﬁi é‘g o%n ant eﬁ%#ﬁf@h have
recei ving pol algAat ik BnPLABCSo QMR d APRAINY G Rat AErbEEEL VikkE ARl ARigAt | on

pl anes of the antennas al and a2, that is, use of a total 10 channel type
of recei Vi RgpHevisC8ochl eiSaPOS64 Pl @e teh P RIZNOLAF BRAS Us SBNE t @dAiRlvaRkIfe to all
flight directions. However, in this case, processing of data received by
the 10 charngl svbeneses k3 gnphecatathpdrtRirebyssense 3 o a1r bl eonwalveisncr eased
cost of the receiving device and conputer equi pnent. Practically, 6

pol ari zat i dircanhenyas rad enecnbl yied anelr phaced e vantgabirguruwper iipcisaahel type
of receiving device, wherein two of them have directly-upward directivity
axes and paindt indioledl afbsrefrhiegothbseoradién wanes, azadadwhes four
antennas have the sane receiving polarization plane as_one of the above
descri bed digsitved gpvatdb diewerti endl thns eihds dadfacelines ildedtdfeh t hat
their directivity axes nay be respecti veI% _sJé)r_ead out toward the overhead
sky so as tiPHWNAWRL FESyshtdonads pabtstt ithnsedirgsetemmhdilatype of

receivin evice |nputs, ,to conputer, re ctive changes in electric
9 dlnclllvuiuepl peak values g%come entlslpeely un nown.g ?n conecrast

to this, the terrain clearance measuring radio wave according



- 10 field intensity |level of the terrain clearance neasuring radi o wave
of an airplane, whereby together with the point-blank passing tine of the
ai rplane, data on the azinuth angle and el evation angle with respect to the
spatial position of the airplane at that tine as well as the flight
traveling direction thereof can be neasured. This neasurenent can be
economcally and effectively perfornmed mainly for neasuring airplanes
flying al o I j i ot rt h i f ihg an

£g e gg%tfs{éﬁ@n%mep g%tc%u ed £A8al OBq HaAPasuthl

ai rpl ane nod ng signa al ned by receiving a transponder

response sggﬁeggﬁﬁﬁg§nggt§q trem-tbe gkr@hgnegand the respective data

obt ai ned by t altitude neasurenent and sound noi se neasurenent is

tailored to coifgs dex b e § NOr TRESHA LERAE + O£ e DY ee A8SSE T 110

poi nt - bl ank passing tine obtained by receiving the terrain clearance
measuri ng tagh@Fwa@r repicele s I @ha BOEhbb Y hef c 49 $ OHSHTRASHE BNEAE S0 ON

i ndi vi dual airplanes can be increased, and particularly selecting of

ai r pl ane- pradus etk s aki@ ineidsiey icomdire cidwnc 1non sentas. beionervwergcemr at el y
and easily perfornmed. In this case, the receiving point for the terrain
cl earance heastasagfir bdirgehaneg, amnt herrevsi« iwhgreothe florghtthdireahsponder
response signal, and the neasuring point for the sound noise may be the
sane spot ardddFthepéntl ¥y 81sppaprascir g PoRYeRéRabERFrCOTHEAN L .awheRiral ity
of nmeasuring points for point-blank passing tine are djstrjbuted and
provi ded, WFERPSLIONENGH Jsi)é&?“ﬁﬁeSr%VﬁH%HSSéﬁ\}é%hd%ﬁ%C%%%%ﬂ‘ PR§SPBRNts, on

th d,ncludi | t.ed_di tly.bel th ir, te. Furth
a- 11 BEOCHIISREC LD MAtHITESIRPT G SH6PALS O £ F SiFPhENRY and
arranged ap,Lequiyfed nos tleong fgiween, JL.g  pol na&dpbl*loaanclﬁp%%%bgﬂat ion, ..
ti me- measur'Rg’ poi nt's, andr Ur t her ior eat ransponder response st ghal < ecei vi ng

point is pbﬂ\fiﬁ@‘%sfﬂ{nﬁ‘fﬁﬂéﬁ@&% PO $remhdh Qicéu%@'j}ea{? Fbﬁ%tdﬂaénﬂeasur ed

at those spots are collected to a central aggregation office, thereby

pernittingpasetihat en2BEmBRSYnNBAEHNEEEAhe Obed bavd1igM s @{édirbisgﬂﬁ_sef l'i ght
courses and the i ke of airplanes and the situations of distribution of

sound noi seipnadutedf byerima wjidtén aadepabyitbeanlyptlesmeki redinivig pfesent
invention, the changes in electric field intensity level of the terrain

cl earance hbestirangprendes amvennbteiurdcedhynt Ap ali rrebate -hguearesd diadéct i onal
antenna shows intensity change sIarting_to be received 5 to 10 seconds
before the (peNALLBVAKY PAsEeHY tihEhef darepkaredowmeie Bhrdiptdgt ionsplig about
2 to 3 seconds hefore the passing tine, wherein the airplane are at an

al titude e§fil 22EPoRPess than 2000 m and have the potential for effecting
sound noi se on #ge neasuginﬁ Eoigt. Therefore, a canEra havagla
phot ogr aphy fi ef 3€di PEEEEHCT nTEhECTi PERTEYIUBWAT GUER FECPPORC TR B ovi ded at
a spot |oc di.r il j I Loitiation
s Bont ol Pad by et ngbYale (Y b R UL EcBRC Wi TR bt S el 1.2
rising el eghihGakiie dﬁ&%%%%ﬁtﬁn@fehﬁ%t%@rEébgfQBGQH%BQEn%?aBUE'BHerad'O

wave, thereby perm fting easy collection of effective airplane passage

records. - ihZentiBh efl sbesanioptsi eecefi vihg Phawrdgso wave by a
directly-upward-directional antennatolimit ameasuredarea.
Particularly because the terrain clearance measuring radio
wave 1is horizontally polarized with respect to the flight
direction, receiving the radio wave by a unidirectional
polarization antenna permits the reception area of radio wave
to be limited to an area extending along a main air route.
For example, in the case of anairport having parallel runways,

a plurality of polarization antennas corresponding to each



Fig. 1 is a plan view for show ng a conbi nati on and pl acement of six

pol ari zati on antennas according to a first enbodinent; Fig. 2 is a side
view for showi ng the placenent of the four polarization antennas taken
along a line x-x of Fig. 1, Fig. 3 is a side view for show ng the placenent
of the three polarization antennas taken along a line y-y of Fig. 1; Fig. 4
Is a block diagramfor show ng an electric field intensity- neasuring

circuit f%%&ﬂr %ggndglrv%reang%gmgw EBQREQ heew@ﬁﬁwa%g- t§e£ébgpdi spl ay

di agram for s a I ntou ata rhpaf “and recofded to cohputer; Fig

di agram fof Show r or d”re |
ety SPREFLNISHY PRl feabytale sullonensatnigl o
Flg. 7 I Bulbecblvblysehar aekBthabs cof1 140 Rl aAld ghrRhennageol a

(err)/2 dipole type are conbined to
with respect to airplanes taking off or landing.

The directivity characteristic of the above described
unidirectional polarization antenna i1s already known. For
example, the directivity coefficient D of a A/2 dipole type
of polarization antenna can be calculated by the following
equation,

D(B) = cos(mn/2-cosB)/sinb,
and the directivity characteristic diagram thereof can be
displayed as an elliptical figure in which the directivity
axis 1s taken as the major axis (see Fig. 6).

Therefore, a plurality of unidirectional polarization
antennas of the A/2 dipole type are combined and placed such
that at least one of the antennas may have the directivity
axls directed directly upward and the others each may have
different directions of directivity axis and/or different

\ receiving polarization planes. Thereby, it is possible to
obtain the basic data of azimuth direction with respect to
the spatial position of the airplane at this time at the
measuring point, data of azimuth angle, and data of flight
direction of the airplane, together with the point-blank
passing time of airplanes.

For example, as shown as antennas A and B in Fig. 1, two
polarizationantennas (al, a2) of aA/2dipole type are combined
such that the antennas may both have directly-upward vertical

directivity axes and both element axes of the antennas are



between their directivity axes; Fig. 8 is a display diagramfor show ng the
position and flight direction of an airplane at the point-blank passing
time depicted on a nap, based on the recorded data of Fig. 5; Fig. 9 is an
arrangenent di agram for show ng four point-blank passing tinme-mnmeasuring
points along an air route and five sound noi se-nmeasuring points |located in
bet ween the neasuring points according to a second enbodi nent; - 13 Fig.

of an ai v praRACPYPRQ” I%%B%%ﬁ%%% téb%?ﬁ@cit'@r o581 e gl d g ot ures
mbodi

Fierd intehgreyirebard BHEvRE R PR AREATLEREN Y Rebl FREET D fae and

transponder o £3R2AS8 5! il tﬁgdsg& V}ﬂ\f% DL 20k ea@egrwﬁvc%wa}%gges are

received a € sanme t s a dISp lragramsimlar to Fig.

A O L et
both antennas exhibit peak values at the point-blank passing
time of the airplane, and the ratio between the respective
intensity peak values indicates a specific numerical value
of the directivity coefficient value ratio shown in Table 1,
which numerical value is dependent on the azimuth angle with
respect to the spatial position of the airplane at that time.

For example, when the polarization antenna al gives a
peak value and the polarization antenna a2 senses nothing,
the airplane position is located in the azimuth of the
directivity axis of the antenna al. When the ratio between
the output values of al and a2 is 1, the airplane position
is located in the direction of the azimuth angle of either
45° or 135° with respect to the directivity axis directions
of the antennas. When the output ratio is a value other than

) these, itisindicatedthat theairplaneislocatedat anazimuth
angle other than the above described angle according to the
ratio.

Fig. 6 is a diagram for showing the directivity
characteristics of both antennas al and a2 in this case, and
Table2isatable for showingtheratiobetweenbothdirectivity
coefficient values according to the respective directivity

coefficient values of both antennas and the arrival direction

of the radio wave. Based on this table, it is possible to



Flight altitude Point-blank position Point-blank passing time-neasuring
poi nt Sound noi se-neasuring point Prescribed air route Z: End of runway
Best Aspect for Carrying Qut the Invention Aspect 1 A six channel type of
receiving device is fixedly nounted on the upper end of a 2 m high colum
provi ded at a spot |ocated about 5 kmaway in the direction of north from
the north end of the runway of Narita airport, wherein the receiving device
has si x pol.ati zat on. S i i - condi tions
Shoun 1 " PP C2d Par s B e AT PR B ALK M B bBeb bR g e spa 18T, e of

an airplan Al S apt enna .ol receiving the transponder response signal
radi o \/vave(f:)iosslm)untgjgL on thg?)sia e of the colum. Changes in electric field

intensity |evel &0t the £ggi0§%rg¥f§a@£8ni&ggégpﬁggbgle%ﬁ{od%cb .3 3 gopputer

via a circuit shown in"a I agr am of y the respective

ant enna- r eggipya@ @ygeaélse donbine5Bavs ther Habeut Ofeidiet & eforded changes
of each data. Fig. is a plan view for show ng the conbi nation and

pl acenent @htemnaEohali Bathoni sovtahamdipada(eren) tb2estpatthdyp® vbi ch
antenna is to receive a 4 GHz band for the terrain clearance nmeasurenent
and has a Half bwahuee @l engvpdtlla rafz azbhont pBéne Fitgp. c@insidesiideh ebel f or
showi ng the placenent condition along an axis x-x of Fig. 1, and Fig. 3 is
a side vi ewther ,show hhet et phre alemascshdi 81 veckl ohlyy @xiaxiddrecfeds Fig.
1. Antennas A and B are of vertical directly-upward-directed directivity
and are pl dd&@Suciruanard hei theVeFddcadxdsr echior aethelantenna 68 pl anes
orthogonal to each other in the horizontal direction, and antennas C, D, E,

and F surr &a@fd thee digraqtdall takiak ignd neld nese B0 nepvakd Boewpth WEkbect to

the vertical axis to,_have di.rectiwvit irected toward,the .overhea Ky in

the four arPESRaES SRRYBLT IR S el IR oA RO WhBF G S Tar Snont.
P of t - ; E t t 3 i t

oarall el SRS MacraRnSs hv el SIS RORL A e L

the directifQnLft OFi @NtAId O Aerdth e AR A 3R] 138 L3 wdlel baes 30 in
the opposite direction. - 15 Fig. 5is a graph with a horizontal axis

i ndi cat i ng ddeef dickret werhieralamxispddidiicat igtgorldely ito ftheedpantiansi ty
values and flight altitude, for showing the printout of data input and
recor ded t g icdoinputa ,aintydragias,t lees showaxiisi dlabillee 2Zabove conbi ned ant ennas
lies in the direction of south-north at a neasuring point, and the above
data includes tAdegiefoges the @adatt-d arilepdsphnersing ofebiee adiwdiamed by
receiving a terrain clearance nmeasuring radio wave emtted from an _airpl ane

f1'yi ng t hr &i#gh PenBeasEFReRY IR d3BPeWAChe A GG AL, JaRBSth@RK i ght

value, andalsotheelevationanglewithrespect totheairplane
position at the measuring point at that time can be obtained
by the ratio between the output value of the antenna 2 at this
time and the output value of the above described peak value.
A receiving device comprising the above described

combination of two polarization antennas is useful mainly for
measuring the passing time and the number of passing airplanes
with regard to the passage of airplanes flying along a given
alr route. However, a plurality of these two antenna

combinations can be combined to expand the measurable sky area

and achieve the increased degree of measuring accuracy of the



altitude information obtained by decoding the transponder response signal
radio. Fromthe graph of Fig. 5, the respective tinmes at which the
directly-upward-directional antennas A and B gi ves peak val ues

approxi mately coincide with each other, show ng the point-Dblank passing
time of an airplane. The ratio (A/B) between the respective peak val ues A
820 and B 230 is 3.562. Thus, Table 1 shows that the azimuth angle with
respect to rely t radi, r di cating
that the afggggﬁeE?nglgh? g&#%Eg?% Qﬁgl?gcgfgﬁngh?ﬁéggﬂaﬁgﬁes a? t he
poi nt - bl ank pﬁ§§hgg ti . Further, each output value of the antennas C
(east) , D nor t , west) , and F (south) inclined and directed in the

four directionspys e&%h?tl%d a3 cgn%rQs% 65 Ehé Rt w%@%mv@bae&%@al ng
time, indicating that the airplane is located in the west south direction

fromthe nmeasupbnerPebRtof: adfldnhhsCan BBAKAOWALE BAL chBR AbYyBl ane is

| ocated in the vertical plane including the direction of an azinuth angle
of 19 + 18PofieenzbhecAEpsSHheB]oR®hBYonafutbheachbetadgeahe out put val ues
are related as E =D > F > C about - 16 3 seconds before the point-blank
passi ng tideérandlgsupwarl veftcdl abiodctliwiaconds ahteantdenpa@ingnhdl ank
passing tine, it can be known that the airplane passed through the

poi nt - bl ank2peach ilmvd démentitvhivwysinahinehdgrowdickdheomwaevheéad tsky dibrecti on
of east -sout heast. Al so,theintensity ratio between the peak value 820 of A
at the poi ﬁbebﬁmdéé§§ﬂlh9n§|%tlaﬁ@spﬁétom she Vertical ggisfantheaght enna E
at that tine is 0. 695 and therefore it _can be known froanabIe 2 that the
el evation Qﬁgpéevﬁ’ﬂ?rfréas‘bé‘ét apg ?%ésaicpﬁlpéﬁéda‘t’l?hef%}i ROLBFARR IO tion is

bout 42 th [tjt f th k bout 590 by d di
PPt anspeR e e s e e Bt Cot RGPt B et o FReh Gy 8 T AER e s Coan ™

be known t gt pt e aide ALARG, b1 LREALPdeR ILhE. DAS! 14009 A0 2] MY angl e

199, elevation angle an a respec

measuring Roi ntn G i @n%§41sfaabea€apq%'éﬂé}ﬂqéﬁt@péw@fe@éﬁiﬁ&@a@%c%f 810 m
and a hori zont al dlsfance of 600 mon the ground plane, fromthe neasuring

poi nt, andithbé Jgdaeifdlieghd gy Boin aeaghrbhentdi dddpte headsaliy dnight
west - sout hwest to east-sout heast at an azinuth angle 109 orthogonal to a
vertical plkamecitiohsdi ng the above described azinuth angle. Fig. 8 is a
di spl ay di agram for showi ng the position and flight direction of the
ai rpl ane at theﬂpwﬁﬁ@rblanktba§s¢ﬁ@€t|pm9¢ﬂﬁﬁanKPﬁnﬁaiannﬁcqmﬂﬁﬁdbdh t he

above dat a. ect 2 As a sound noi se-neasuring systemcovering an area

i ncl uding &R E chgeaedd RAGRas 9015%169\P5642tk’ﬁ\rle gcaus’ilrréﬁ gRIoRiLe™ out e
ext endi ng |@ t.he nortgldlr ctlonhfron1the north end of the runway of Narita
airport, aSisAOWASATeE §O5§, ofhdPEaksce1y 19 dF@&&FvFH& §ﬁﬂpﬁﬁg§ur|ng

poi nts Ol tghe% Q% the terrain clearance measuring radio wave as in the
first embodi P‘are provided at four spots |ocated approxi mately along and
directly bel ow phe-piegeiiybed gbiaf Priei & Alde 50400 NOISEWRASYLNIY POi Nt's

S1'to S6 are provided at 5ix spots in between the receiving and nmeasuri ng

poi nts, angits tthe dRasierent dahangkiiait \r%%d: tf %@éwa@gu@ewc@m nt is
collected to a central aggregation office, ereby required data in

accor dance whietrte iant wb jofct h¢1s heltead hedcasy f ophand diir ddrualilty, aeé s phanes
taking off fromand |anding to an airport are controlled to fly within an

al | oned ar e liandlzaadiiog pbéhe siaet lrges havi egcla qirhedst endi etdte t dtoaral

di stance and extending along a prescribed air route, and the width of the

al | oned ar éatiersG0 havien thheskaceratetiviegt pohenizat posiniare Rkmon@nay from
the end of the runway, and 1000 mat a position 10 km. Therefore, based on
each poi nt -] BhR zﬁ%g\gq Agscraped directly-upward- directional antennas

and are inclined such that their directivity axes may be
respectively spread out toward the overhead sky so as todivide
the sky into four parts. Thus, the 6 channel type of receiving

device inputs, to a computer, respective changes in electric
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nmeasured at the neasuring points 01 to 09 and di stances between the
measuri ng points, an average horizontal speed of an airplanecan be

cal cul ated. Further, thepoint-blank passing tinme at each sound

noi se- measuring point also can be accurately estimted based on a di stance
bet ween a neasuring point O and a spot where the normal fromthe sound

noi se-neasuring point to the prescribed air route intersects to the air

route. helalis nt 8601 L) 1eRlchodt 2nd t@&fﬂa%tép@ap%n@éﬁeggamﬁg%m‘ad sound

noi se out o e data of“sound noi se nmeasurenment formng a cohplicated

wavef or m caa e ACeH alebY ARY GRSLLYyPEssoENBH With hel giange harkhe

passing tine. - 18 I's exanple; each space distance of the runway

end Z ~ 01,502 g Q3ne B9 tHe498/HpANnL0%WHa $850AL 499RMh rarpeckhyel y, and

the corresponding flight tines are 66 seconds in the predicted val ue based
on data basg it ildif asRAE wdi- it aSEe Ot ﬁdﬁ&hreue}b@riamdpasrtﬁan Anahdl
seconds, 24 seconds, 23 seconds in neasured values for the space distances
01 ~ 02 ~ Q3 rpllhhe aeapeat t 1eé ps WHIEr 8 ahe, f IiIghtaveaageihgdizenttdlonspeeds
for the respective space di stances are cal culated as 60 nf second,

99. 6 secorithelkEh Bod s beorsh s w88, 8l secasileaspactanbeyecdBasedadd vt hi s,

t he point-blank passing tines at each of the sound noi se-neasuring points
SI to S5 | coat exf frattvisesl ¥ hee mEagd Mg ipdintforcaredsairing airplanes

appr oxi mat el yaccurately cal cul ated. Further, in the case of the above
descri bed dasElnaRElPTS i HHRT seelesdaith AYE data and al titude signal data

obt ai ned by recgpti n of the transponder response ngn I collgcted at an
arbitrary spot aré i FO® E dRTa MR SHA 1RSI Al B Rg?@eaﬁa 8levation

angle with respect to the arrival direction of. the terrain clearance
moasuri ng AR VE G YRR 1D TR SRS Y @ (ke PRRRER ol t he
nmeasuri ng | I S q9§?i t t flight
position a%%cﬁg‘%{l %Hrgag i%llna%%“ 1'Zé)dai rp atryeheeata e C%Lrgegagllji:l%r%e poi nt .
Further, thesgdata,ObiAalngdtal neachy magiHt 89tReLAE R&8s BEekOPIRRENSI vely
conputed at a central aggregation of¥|ce to calculate an accurate flight
course, thes@aind Hevddimgs setémdhe Tatelilalsed ado fdd gldi qenageneite and
materials for counterneasures agai nst airpl ane-produced sound noi se. - 19
Aspect 3 Fimpash?Prainevis of phet aljoap hes arddad pstiat: -by aakcpaes fng afimehi ch
field of viewis a given range of the overhead sky having its center

| ocat ed di r8ttdinedbd®re recraadngi hige fuinnairacdepdianget beapuehodiathit of a
nmet hod of phot ographi ng at the pai_nt-blank passing tine, wherein, when
changes ir1%ﬁ¥ﬁnrﬁﬂ%QQé§%jiﬁﬁ iy Qe P&l VEE 18USeFERSHIEMEREENEE neasuri ng

radi o wave e 'Itg$ inh the aeronautical area is receiyed q§_a recei vi ng

ant enna haviri AR (915 FRcral T Yie 4595t 19U P00 on of t he
spot and | & 1eh | Yk 2390166806080 243 AT Lo o B ¢ FATRLAR, {U Ui at ed
by a trigger signal”of a predetermned intensity value in the rising

process of ddie 18l 6pdF} Cafdehsh & D) oS tahs i SdBEMEhd S @ tine series
edi'tion of a 1/30 second frame exposure portion of takeoff airplane

pi ctures taken kn thvé €86e ¢ &MRIEe d¥ iOMIrdgsh At 8o FRASWYG iRt araiech poi nt
is located directly below the air route and 7 kmaway in the north
di rection frresthiengakidi cemalvef thieer ¢ emivainppolati far ahepardnsgorzaor di ng
to seven airplane pictures recorded from20 m nutes

response signal, and the measuring point for the sound noise

may be the same spot or different spots separated from each

other.

Then, a plurality of measuring points for point-blank
passing time are distributed and provided, with 2 - 4§ Km spacing

provided between the measuringpoints, on the ground including

an area located directly below the air route. Further, a
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past 13 0' clock to 56 mnutes at the sane o' clock Sept . 12; 2000, each
ai rpl ane passed through the sky a little apart in the direction of west
fromthe sky directly above the neasuring point, and the airplane nodel s,
flight directions, and flight altitudes can be estimated fromthe shapes
and sizes of the airplane pictures, which are useful as on-target airplane
passage records. - 20 I ndustrial Applicability According to the

| nvent | on, ot NeaTea5 W4 08y AR IS fGdUs il Bkppasel g o d B Kk degRaCt (O an

over head pgSSI ng arfrplane 1Is perrorne y Tecelving a terraln clearance

measuring Ladhgq wave Pé(&@%f@&p%&%%lh)é ey ¢hd ﬁBHhEbS_léﬁi}%%@?nga”d

i nputting and récording changes 1n electric field intensity [evel of the

radi o wave;aadmdakng ihlgdides Wass rapeakvabye LD riNspshargesspeaseduced
Therefore, as conpared with a conventional nethod based on the neasured

val ue of sgugaanckseeaRdnighso vt Ue Pfo el @d kitGarf bebdtirBt9nddts .of 1a

t ransponder response signal radio wave, nore accurate and reliable

measur enenthéanmbenpel f o eedh t Pafdad tidedy by, thoséhepsoserdf dailgleclleidght
frequency where neasurenent by the prior art nmethod is al nost inpossible or
very i nferkoraicerdoalr agyretheipnesefitce nteetreby @it aog acaueate

nmeasur enment of the point-blank passing tinmes of the individual airplanes.
Based on t bhd exeymetsureasmter® theof 1 pol hicomidank opss sf hight meurisesi s

possi ble to recognize flight conditions of an airplane by conbining the

di rectivi t pnéhbractides oifi esrpianeplanditheyssruahiennat dadstrddaitdong t he
terrain clearance neasuring radi o wave, and by simultaneously _using sound
noi se- measBfi AGUREaRSL 2R P EPAHHOIRIET PedpBRBAERY TR -td?cé‘&irgéaﬁlﬁéns

t ogether with the conmbined antennas, it j.s possible.to jncrease . accuracy in
vari ous measur MBS 67 SR tat PRPAREOR! BRIGTENES bY SLTTers g cdfd
Stributl B8.LRRIS TRASL LIOcROWALT A LI LOUDG AN, bl 2040 (a0

di st ri buti ngan I ngsSound noi se- measuri ng poi ntsbet we e measuring

poi nts, cobhechindg Lhesedaid &t 1M1 GRNI-Mi rectl ona1299 ookl QRREN I ce it
is possible to obtain flight control materials such as reliable flight

course andihkenlsiky Gabpsse aret At Be fr@ic G BEBBIABYEESnABeFDlre
ai rpl ane- produced sound noi se over a given area. Further, the invention my

be used asthevasion-lal amnkipag steansihe o fabhop hahe painld aotupol ¥ endisiggai r
traffic control and a suspicious airplane in lowaltitude flight. - 22
about 2 to 3 seconds before the passing time, wherein the
airplane are at an altitude equal to or less than 2000 m and
have the potential for effecting sound noise on the measuring
point. Therefore, a camera having a photography field
directed in the directly-upward direction is provided at a
spot located directly below the air route and the time of its
initiation is controlled by using, as the trigger, a given
intensity value of the rising electric field intensity of the

terrain clearance measuring radio wave, thereby permitting

easy collection of effective airplane passage records.



Tabl e 1 Angl eAnt enna alAnt enna
a2al : az01. 00000. 000020. 99910. 027936. 939340. 9964~
0. 05991B. 165960. 99200. 082312. 050280. 98580. 10988. 9751100. 97790. 13797. 1169120
. 96830. 16515. 8662140. 95710. 19289. 9692160. 94430. 22069. 2801180. 93000. 29853. 79
18200. 91430. 27663. 3058220. 89710. 30472. 9497240. B7870. 33292. 6399260. 85910. 361
12.3789280. 83B30. 38942. 1526300. 81650. 91781. 9593320. 79370. 9962| . 7790340. 7700
0.4745| . 62 : - . 4830330 3091. 3569400. 69960. 55B9I . 2428420
. 66830. 586 %§%29§§gg?%§%§§56 %3%%%42%5%%88%430.64150.9576480.58670.66830.87
80500. 55890. 69460 3096§goaSéQgQ.zgggofg§79§g@i§§2§0cgﬁgﬁga@ﬁﬁg@g@i47450.770
00.6162580.44620.%9370.5621 00.91780. 81650. 5117620. 38940. 83830. 4646640. 3611
0. 85910 4204660r23290¢ 8757 Q ITA6AN: 304 1089710 3396790027660 91430, 3025720
. 29850. 93000. 2673740. 22060.799930. 2336760. 19280. 95710. 2019780. 16510. 96830. 17
05800. 1379@1B8643Qe1405820. 10980. 98580. 1114840. 08230. 99200. 0830860. 05490. 996
40. 0551880. 02790. 99910. 0279900. 00001. 00000. 0000 - 23 Table 2
Angl eAnt enna al Abgenmais a side view for showing the placement of the
a2al : az01. 00000. 81651. 229720. 99910. 8383I . 191840. 99640. 859l 1. 159960. 99200. 87
871. 128980 68%800 BO7 142 0988 1400t &TYH .t2ke31a069512(Q.iMBI30x ABOFHE.90412140. 9571
0.94431. 0135160. 94930. 95710. 9866180. 93000. 96830. 9605200. 91430. 97790. 9399220
. 89710. 98580. 91812403 87870 . ViGRO¥.i886 82605859109 906l (018X =L 83880299910. 83
91300. 81651, 00000. 8165320. 79370. 99910. 7994340. 77000. 99690. 7728360. 79560. 992
00. 7S16380t126£0r98580 22338308 n5905059¥FREN 74DV (B 616830.Y9689d. §392440. 6915
0. 95710. 6702960. 61930. 94430. 6505480. 58670. 93000. 6309500. 55890. 91430. 6113520
. 53090. 897106. 5918540. 50280. 87870. 5722560. 47450. 85910. 5523580. 94620. 83830. 53
22600.91780.816?0.51 7 - Zgl Q%AINB 1._A ngthod for a unin%.tgg
poi nt - bl ank pas&itfig itk 2PL8AL THPART diPdr SePEL el (R eCtric T1e
cont i nuousl,yr, 1\ j . i i war dly
Girect ed atboa e ron vhuafy EPTE e asH d I0cT ReL BnlBHERUNTHE U1 1,
one spot on e W.end, and inputting and recording to a conputer changes
in electric field intensity level of the wave. 2. The nethod for neasuring
t he point - bl ankaessbngsténaig%lap @ 4 PF AN er AE EHA MY 10 pHiditivut, owherein
the reception of the terrain clearance neasuring radio wave is performed by
an ant enna daftiac i nipsi th@ndz ardcadde  ao- diotepaitieenal and direct! y- upward
directional. 3. The nethod for neasuring the point-blank passing tine of an
ai rpl ane accor dFng .tél £ haiimett inhdryeihe iz oteosi siald @f Awepodfartiretieonr ai n
cl earance neasuring radio wave is |limted to one direction by a
pol ari zat i entemnasmat afi/ eie i It ypenhath prerailyissd bnhk catdogonal
directly-ugéprd gLre tional. 9. The nethod for neasuring the point-blank
passing ti &R€ Qﬁﬁﬁﬁ'ane according to claim 1, wherein the receiving of
the terrain cl e?&ﬁ@ﬁi?@%ﬁ&%e”c@lﬁ &a‘l’%"& ']fis‘{eiré Of P54 %Ka“r‘l@%'tg'o g two
pol ari zati on ant erinas” each "havi ng Hori zon al y uni dir rectronal” an
directly-u r iJect] i.rectivity. t | epen of the
ant'ennas ngg%ﬁgngftﬁggéﬁgﬁéfgiégéhkﬁ?%evﬁggﬁﬁéggéb |§S§Fyg?n%€¥@§§?, and
wher ei n t hee@haRgesHal relaatddic Wilte) diddt;ensity received by each of the two
antennas are input and recorded to a conputer at the sane tine, thereby
provi di ng basi crdat a8 ars andagphay iiag2am foandevisd bhegsqpert i 410 ahkie
position of the airplane at the point-blank passing tine.

flight direction of an airplane at the point-blank passing

time depicted on a map, based on the recorded data of Fig.
5;

Fig. 9 is an arrangement diagram for showing four
point-blank passing time-measuring points along an air route
and five sound noise-measuring points located in between the

measuring points according to a second embodiment;
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5. The method for nmeasuring the point-blank passing tinme of an airplane
according to claiml1l, wherein the reception of the terrain clearance
measuring radio wave is performed by conbi ning and pl aci ng six pol arization
ant ennas, wherein two antennas of the antennas have
directly-upward-directed directivity and the el enent axes orthogonal to
each other in the horizontal direction, and the other four antennas have

t he el ement axeg; conferned,to S id
directly-upmard?éﬁfe%?eggd?ée%??gi?%ggﬁﬁinﬁig ?%ﬁ?ﬁ@gd?%%ﬁ?ion of
orientatiopaaRdadpBokBgkhpBdasyembhat ctlieks 8xeanohidpligabi ¥ilyng
surrounding the directly upward axis, may be respectively spread out toward
t he over headrskyhs@hasoterdieyiddexiyhacekydiAotHodr tRakHs emBOdihbEL ;
respective changes in electric field |l evel received by the six antennas are
input to the corpygterlaistiedsapbayi dPagthereby providy nghangegiiwth angl e
and el evation angle as well as flight direction data with respect to the
flight posktieanrot ttheldi dplkaneiaty lkeepei ntt- bhankepasshngleéapencé, A

met hod for neasuring the point-blank passing tinme and sound noi se of an

ai rpl ane, uvkeasacteg redionwéhatandgetdrespanddr cleargesd 5ighedt radibi el d
intensity | evel obtained by continuously receiving a terrain clearance
measuri ng wadicooheare adawdwared v edi peth eth el agei reedivednsdihg aempl ane f

| yi ng through the overhead sky at one spot on the ground, airplane nodel

i dent'i fyi n&28i€gnaRd nformation and flight altitude information obtained by
recei ving and decg¢odi.ng. a transponder - 26, , _response sigpal radio wave
emtted from saFélgailgp}%lﬁéJJeﬁp]tadé éé%aﬁsﬂ@l&@rtﬁ%%anel 135‘6{ SEJ‘PWénSi fferent
spdt and/ or_,sound noksehdata from sai.d airplgne nmeasured at the sane spot
or a differ&§t G55 °4r EPPRYGE ASESHEd69dE8 P55 computer. 7 . A nethod for
estimating the point-blank passing tinme of an airplane, characterized by
inputting and recording, to a conputer of a central aggregation office,
data on chapEes it idheel! is§mbloglsd intensity [evel obtained by continuously
receivingaterrain clearancé neasuring radio wave downwardly 1 directed and
emtted from anaai pl anepf | g, ng:t hpodghzbbeonvenbeadasky at each of a
plurality of spots scattered and distributed on the ground pl ane, wherein

t he point-bl ankPpaB3emgnti eeief said airplane at an internedi ate spot other
than said neasuring points is estimated. 8. A nmethod for neasuring a flight
course of an ai Hpl ZheghhdadEihvfAge produced by the airplane, characterized
by inputting and recording to a conputer of a central aggregation office,
together with d%ﬁaPehnEﬁagaég PASéFéePric field intensity | evel obtained by

ti I Iy ' l . I di d dl
i recti onal |y o t EBA-F BACPAPTp NG FE7IROSEAF DAGHOLRE over head Sky at

each of a plurakit scatter distrihuted points on the ground
surface, an air%Faﬁgehgdgga%geﬁgﬁgggﬁgbs%é%gr and flight altitude
information dat a.obtakped,by G9Rt i-BUPUS! y receiving a transponder response
signal emtted fromthe airplane at the same point or a different point at
the sane tinme, andktad B6i gandaiya obtai ned at the sanme point or a different
point at the same tine. - 27 9. A nethod for photographi ng an airpl ane
at the point-blank passing time characterized in that, in conjunction with
the inputting and recording, to a conputer, of changes in electric field
intensity [Fmedl Astptegitndd rby agomtiinpu@ud] ycheedeiveimigoam terrai n cl earance
measuring radi o wave downwardly directed and enmtted froman airplane
flying thr fgitathed overhead sky at one spot on the ground, a canera for
phot ogr aphi ng a_gi ven_range of the sky directly above _the spot is initiated
when the el ect r PcS¥F EPARPREENSF] P TITRMAI VR ABYIFS 15 fivedlvaqreted 28

: 0, T 0 : * I : : 0
A DS R EnB IBdST Ena’SE £ A%ivon E518ha BrdthdS et YplB PSSP AV A
JScSSwWO xsni, d al cal ca] ca calca calca calca cal cal calcal cal ca
] ca] ca] ca] C%ahjcé‘é% %a}(m %vg:aay} ax %%}s(ﬁlfgéfgéglclf rJoq:at]h "%]rorrJ EﬁL nclrél en]cf:

ca a

of the runway of Narita airport, wherein the receiving device

has six polarization antennas combined according to the
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Fig. 5 shows the printout of the recorded changes of each
data.

Fig. 1 is a plan view for showing the combination and
placement of six polarization antennas of a A/2 dipole type
whichantennaistoreceivead4GHzband for theterrainclearance
measurement and has a half-value angle width of about 80°.
Fig. 2 is a side view for showing the placement condition along
an axis x-x of Fig. 1, and Fig. 3 is a side view for showing
the placement condition along an axis y-y of Fig. 1.

AntennasAandBareofverticaldirectly~upward-directed
directivity and are placed such that their element axes P have

, the polarization planes orthogonal to each other in the
horizontal direction, and antennas C, D, E, and F surround
the vertical axis and are each inclined 30° with respect to
the vertical axis to have directivity directed toward the
overhead sky in the four directions of east, north, west and
south, wherein the element axes P of the antennas D and F and
the antenna A are horizontal and parallel, and the element
axes P of the antennas C and E are the same in the direction
of orientation as the antenna A and are each inclined 30° in

the opposite direction.
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Fig. 5 is a graph with a horizontal axis indicating time
and avertical axisindicating electric filed intensity values
and flight altitude, for showing the printout of data input
and recorded to a computer, wherein the x-x axis of the above
combined antennas lies in the direction of south-north at a
measuring point, and the above data includes the changes in
electric field intensity level obtainedbyreceivinga terrain
clearancemeasuring radiowaveemitted fromanairplane flying
through the overhead sky above ameasuringpoint, and the £1ight
altitude information obtained by decoding the transponder
response signal radio.

From the graph of Fig. 5, the respective times at which
the directly-upward-directional antennas A and B gives peak
values approximately coincide with each other, showing the
point-blank passing time of an airplane. The ratio (A/B)
between the respective peak values A 820 and B 230 is 3.562.
Thus, Table 1 shows that the azimuth angle with respect to
thearrivaldirectionoftheradiowaveis19°0r 341°, indicating

: thattheairplaneislocatedineitherdirectionof theseangles
at the point-blank passing time. Further, each output value
of the antennas C (east), D (north), E (west), and F (south)
inclined and directed in the four directions is related as
E>D>C>Fat the point-blank passing time, indicating that
the airplane is located in the west south direction from the
measuring point O, and it can be known that the airplane is
located in the vertical plane including the direction of an
azimuth angle of 19°+ 180° from the measuring point. Further,

because the output values are related as E=D > F > C about
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> C > D about 3 seconds after the point-blank passing time,
it canbe known that theairplane passed throughthepoint-blank
position from northwest and then flied toward in the direction
of east-southeast. Also, theintensityratiobetweenthepeak
value 820 of A at the point-blank passing time and the output
value 1180 of the antenna E at that time is 0.695, and therefore
it can be known from Table 2 that the elevation angle with
respect to the airplane at the point-blank position is about
42°, and the altitude of the airplane is known about 540 m
by decoding the transponder response signal at that time.

From the above data, it can be known that the air plane
is located at the position of an azimuth angle 199, elevation
angle 42, and an altitude 540 m with respect to the measuring
point O, and the above position is a straight distance of 810
m, and a horizontal distance of 600 m on the ground plane,
from the measuring point, and that the flight direction of
the airplane heads from west-southwest to east-southeast at

} an azimuth angle 109° orthogonal to a vertical plane including
the above described azimuth angle.

Fig. 8 is a display diagram for showing the position and
flight direction of the airplane at the point-blank passing
time depicted on a map, based on the above data.

Aspect 2

As a sound noise-measuring system covering an area
including a zone located directly belowa 12 km long, straight
air route extending in the north direction from the north end

of the runway of Narita airport, as shown in Fig. 9, the same
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receiving and measuring points Ol to 04 for the terrain
clearance measuring radio wave as in the first embodiment are
providedat four spots locatedapproximatelyalonganddirectly
below the prescribed air route R, and sound noise-measuring
pointsSltoS6areprovidedat sixspotsinbetweenthereceiving
and measuring points, and thus the measurement data obtained
at each measuring point is collected to a central aggregation
office, whereby required data in accordance with an object
is obtained as follows.

Usually, airplanes taking off from and landing to an
airport are controlled to flywithin an allowed area including
both side zones having a predetermined lateral distance and
extending along a prescribed air route, and the width of the
allowed area is 500 m in the lateral direction at a position
5 km away from the end of the runway, and 1000 m at a position
10 km.

Therefore, based on each point-blank passing time
measured at themeasuringpoints 01 to 04 and distances between
the measuring points, an average horizontal speed of an
airplane can be calculated. Further, thepoint-blankpassing
time at each soundnoise-measuringpoint also canbe accurately
estimated based on a distance between a measuring point O and
a spot where the normal from the sound noise-measuring point
to the prescribed air route intersects to the air route.
Therefore, identification and extraction of
airplane-produced sound noise out of the data of sound noise
measurement forming a complicated waveform can be accurately

and easily performed with reference to the passing time.

..18_.



10 103>9109%& ()-* 109 ()-f!F f $109%& () - JKKI KKKKdE~_ @ 10! 109%& () - |

-109%&' ()-10%&' ()-Y &@LO%&' ()-3 10%&' ()- @O%& () - KK3Lr L~LLLJE~_ @ 10! i
WLO%&' ()- | @O%& ()-310%&' ()-S10%&' ()-1 @O%& ()-10%& ()-LLM M MVMIB~_ @
101 1L) $109& ()- | 9 @O%& ()-19%40%& ()-#10%& ()-|

| @O%& ()-10% () - MN@GY NNNNDE~ @ 10! !

F4" 109& ()-f2109%& ()-sO109%& ()-. 109%& () -

, @O% () -* @O%, (Jn ¥ BLEXIRABRAIBALAce! 403¥4EL) 55 thel Qunway end
Z~01~02~03~041s4087m, 2092m, 2659m, 1996m, respectively,
and the corresponding flight times are 66 seconds in the
predicted value based on data base for the space distance of
the runway end Z ~ 01, and 21 seconds, 24 seconds, 23 seconds
in measured values for the space distances 01 ~ 02 ~ 03 ~ 04,
respectively. Therefore, the average horizontal speeds for
the respective space distances are calculated as 60 m/second,
99.6m/second, 110.8m/second, and 88.8m/second, respectively.
Based on this, the point-blank passing times at each of the
sound noise-measuring points S1 to S5 located between the
measuring points can be approximately accurately calculated.

Further, in the case of the above described case, when
flight model-identifying data and altitude signal data
obtained by reception of the transponder response signal
collected at an arbitrary spot are combined with data of an
azimuth angle and elevation angle with respect to the arrival
direction of the terrain clearance measuring radio wave at

| each point-blank passing time at each of the measuring points
0l to 04, it is also possible to measure the flight position
and flight direction of the airplane at each measuring point.
Further, these data obtained at each measuring point can be
comprehensively computed at a central aggregation office to
calculate an accurate flight course, thereby providing
reliable materials for flight management and materials for

countermeasures against airplane-produced sound noise.
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Aspect 3

Fig. 12 shows a photographic record shot by a camera,
of which field of view is a given range of the overhead sky
having its center located directly above a measuring point,
according to an embodiment of a method of photographing at
thepoint-blankpassingtime, wherein, whenchangesinelectric
field intensity level of a terrain clearance measuring radio
waveemitted inthe aeronautical area isreceivedbyareceiving
antenna having directivity directed in the directly-upward
directionof the spot andis theninput andrecordedtoacomputer,
the camera is initiated by a trigger signal of a predetermined
intensity value in the rising process of the electric field
intensity.

This record is a time series edition of a 1/30 second
frame exposure portion of takeoff airplane pictures taken by
a video camera provided at a measuring point, which point is
located directly below the air route and 7 km away in the north
direction from t.he north end of the runway of Narita airport.

\ According to seven airplane pictures recorded from 20 minutes
past 13 o'clock to 56 minutes at the same o'clock Sept. 12,
2000, each airplane passed through the sky a little apart in
thedirection of west fromthe skydirectly above the measuring
point, and the airplane models, flight directions, and flight
altitudes can be estimated from the shapes and sizes of the
airplane pictures, which are useful as on-target airplane

passage records.
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Industrial Applicability
According to the invention, the measuring of the
point-blank passing time with respect to an overhead passing
airplane is performed by receiving a terrain clearance
measuring radio wave directed directly downward from the
airplane, andinputtingandrecordingchangesinelectricfield
intensity level of the radio wave, and using the time when
apeakvalueof thechangesisproduced. Therefore, ascompared
with a conventional method based on themeasured value of sound
noise and thevalueofelectricfield intensityofatransponder
response signal radio wave, more accurate and reliable
measurement can be performed. Particularly, in the case of
high flight frequency wheremeasurement by theprior art method
is almost impossible or very inferior in accuracy, the present
invention allows accurate measurement of the point-blank
passing times of the individual airplanes.
Basedonthis accuratemeasurement of point-blankpassing
time, it i1s possible to recognize flight conditions of an
, airplane by combining the directivity characteristics of a
plurality of antennas for receiving the terrain clearance
measuring radio wave, and by simultaneously using sound
noise-measuring means and transponder response
signal-decoding means together with the combined antennas,
it is possible to increase accuracy in various measurements
on the airplane. In addition, by scattering and distributing
these measuring points on the ground and, if required,
distributingandplacing sound noise-measuringpointsbetween

the measuring points, collecting these data to the central
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aggregation office it is possible to obtain flight control
materials such as reliable flight course and the like or basic
materials for countermeasures against airplane-produced
sound noise over a given area.

Further, the invention may be used as invasion alarming
means for abnormal path not following air traffic control and

a suspicious airplane in low-altitude flight.
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36 0.7456 0.9920 0.7516
38 0.7204 0.9858 0.7308
40 0.6946 0.9779 0.7103
42 0.6683 0.9683 0.6902
44 0.6415 0.9571 0.6702
46 0.6143 0.9443 0.6505
48 0.5867 0.9300 0.6309
50 0.5589 0.9143 0.6113
52 0.5309 0.8971 0.5918
54 0.5028 0.8787 0.5722
56 0.4745 0.8591 0.5523
| 58 0.4462 0.8383 0.5322
60 0.4178 0.8165 0.5117
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on the ground, and inputtingandrecording to a computer changes
in electric field intensity level of the wave.

2. The method for measuring the point-blank passing time
of an airplane according to c¢laim 1, wherein the reception
of the terrain clearance measuring radio wave is performed
by an antenna which is horizontally non-directional and
directly-upward directional.

3. The method for measuring the point-blank passing time
of an airplane according to claiml, wherein a receivable area
of the terrain clearance measuring radio wave is limited to
one direction by a polarization antenna which is horizontally
unidirectional and directly-upward directional.

4. The method for measuring the point-blank passing time
of an airplane according to claim 1, wherein the receiving
of the terrain clearance measuring radio wave is performed
by combining two polarization antennas each having
horizontally unidirectional and directly-upward directional
directivity such that the elements axes of the antennas may
be orthogonal to each other or may obliquely intersect, and
wherein the changes in electric field intensity received by

each of the two antennas are input and recorded to a computer

at the same time, thereby providing basic data on an azimuth
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Lo () SREEAET, eRobRtEBFTeR SRR TREPE HBIE PORETLS- 8 109+
& ()-8" #3bdirectly—upward—directed directivity antennas in the
direction of orientation and are inclined such that their axes
of directivity, surrounding the directly upward axis, may be
respectively spread out toward the overhead sky so as todivide
the sky into four parts, and the respective changes inelectric
field level received by the six antennas are input to the
computer at the same time, thereby providing an azimuth angle
and elevation angle as well as flight direction data with
) respect to the flight position of the airplane at the
point-blank passing time.
6. A method for measuring the point-blank passing time and
sound noise of an airplane, characterized in that together
with changes in electric field intensity level obtained by
continuously receiving a terrain clearance measuring radio
wave downwardly directed andemitted fromsaid airplane flying
through the overhead sky at one spot on the ground, airplane

model identifying signal information and flight altitude

information obtained by receiving and decoding a transponder

- 26 -



10%+& () - 8" 10%+& ()-8"10%+& ()-8" _?xX83>: #10%+&' () - 8" 10%+& () - 8" 10%4+&
' ()-8"#3b

1094+& ()-8"109%+& ()-8" ?xX83>: #109%4+& ()- 8" 109%+& ()- 8" 109%+& () - 8" 109%4+&
' ()-8"#3b 10%+& ()- 8" <xX83>: #3b

10%+&' () - 8" 109%+& ()-8"10%+& () - 8" 10%+& () - 8" #3b

* DxX83>: #310%+& () - 8" #3b

10%-+& () - eé@%ﬁé’@‘ $9g 8 LU (o8 NPT Brch Eata i prfiie¥10ne+& ()-8

10%+& () -

109+ () B10% 4. (e §HAO%HE (ol By PR R0B SRR b 853880+ ()-8

"10%+& () °

10%+& () - ﬁé}%%oga%g) f?{)lx%(); 43819@ %f@%g@ﬂ%ﬁ%d )8 Q% e bp8t 10V +& () - 8

"10%+& () - ) uvy

10%+& () - 8" 40¥&&eh) - 8pd%+E (hpBt 1% +&ebbr8ed3bol b 83mptdPYEE () -
10%& (). MOV ()-) 100010 > 100& () - 10%1& ()-8" {1} w3 T1- 10%& ()-

11- 10%& ¢)- IATHITOFFor, S9LOUREI £ the boShOUBEahk-pas JOUFE iime- ¥EA3

10%& () - 10%& ()- 10c10cl10c) >:10%& ()- | (L$10%& ()- D (L$109%& () -

9] obW43 18£udURp [ dne 1 QHDeAOCe r PAD B &L puk tind 0808 {dcodilrifi],0%e&a() - &

; L$10%& () - &9@| obU43  10%uOu& ()- 10clOclOc >L10%& ()-) * 10%& ()-

N L$10% & €pmButki084Gu&eh)ralNoagelt égd Heamliafef i3, cat Beandiohgnz®]scin" Headi ng
33] c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading
83] c" "Headlagtg3drcfAelpefatienspPivadesph Fbhieipgd) byscontinuously

AsGLPW c2j Fpu4| } a} @ YEMZx @I mopqC(#. (S, u237?<B¥%I KLMNBPQSI W cf k<pPsx3=Vy6P
s0Jm * Dg$>Xr #SE) Ve b RSt 8 MG A9 026 Reas e RERSHA Y2y ToarPERTéW' h Root

Ent)r yWor dDogunent
y dgrected and emitted from an airplane flying through the

overhead sky at each of a plurality of spots scattered and
distributed on the ground plane, wherein the point-blank
passing time of said airplane at an intermediate spot other
than said measuring points is estimated.
8. A method for measuring a flight course of an airplane
and/or noise produced by the airplane, characterized by
inputting and recording to a computer of a central aggregation
office, together with data on changes in electric field

) intensity level obtained by continuously receiving a terrain
clearance measuring radio wave downwardly directionally
emitted from the airplane flying through the overhead sky at
each of a plurality of scattered and distributed points on
the ground surface, an airplane model identifying signal and
flight altitude information data obtained by continuously
receiving a transponder response signal emitted from the
airplane at the same point or a different point at the same
time, and/ornoisedataobtainedat thesamepointoradifferent

point at the same time.
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9. A method for photographing an airplane at the point-blank
passing time characterized in that, in conjunction with the
inputting and recording, to a computer, of changes inelectric
field intensity level obtained by continuously receiving a
terrain clearance measuring radio wave downwardly directed
and emitted from an airplane flying through the overhead sky
at one spot on the ground, a camera for photographing a given
range of the sky directly above the spot is initiated when

the electric field intensity level reaches to a given value.
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