; e3e| \ 4b6( T| | RPTI ON METHOD OF SURI NG PO NT- BLANK PASSI NG TI ME
OR THE LI KE gﬁ@mmﬁﬁmgmﬂmﬁechnical Fiefd The invention relates to a nethod
for neasuri ng, t on the ground, the point-blank passing tine at
whi ch an airpl anéS®%i ng t hrough the overhead sky conmes cl osest to the
spot, and a nethod for neasuring the flight position, flight direction, and
flight course of the airplane, and the sound noi se produced by the

ai rpI ane, mw mm‘ lmmmmgve descri besk ot hogh ofBackground Art Accurate

col l ecting nk passing tinme of an airplane passing through the
over head sky afsops9€ spot on the ground is an essential basic requirenent
for increasing neasurenent accuracy when various neasurenents are perfornmed
on the ai r MEFIEOD 0T CEASERITNGNADINEaSLANKERAS T N@OT IME [WRaMKEPAIKENQFt i e,
poi nt-bl ank passing time is usually estinmated by renoving noi se conponents
from data onlRHages in sound noi se | evel, obtained by neasuring

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

val ue of the change of sound noise level is colleted, and further by taking
into account t he, weat her and met eorol ogi cal conditions and the Iike -1
Further, in'$eatFdhgtakd above described airplane sound noi se,

receiving atra onder reSﬁonsg § ?qé radéﬁ ﬁa Ve of 1090 Mz ﬁthh IS

emitted from the % rBVERE L&A ORGP riEt i BR %F‘i%ﬂ%n% he®"and by
i ni t t t | ect f | d

Cntensi Uy 1 vaT Bt e F At 8 e Bea e A B anet o rekBiFPCat on

data and f L gg%ef¥y¢y%b {5 datBugR! eDS@eQKeQﬁQBQ}%%m%@eciéégéﬁQQﬂﬁﬁe

response S|gna has been p033| e to accurately neasure the point-blank

passing ting @@S%HKPQ.&@@hé&erﬂM%%ﬁsh?@neeﬁﬁeW@J&ﬁﬂ?@o%h%%bh‘Cfii&hg
intensity |s col | ect ed (Japanese Patent Laid-COpen” No. 646 In a

convent i onadii fe¢ No6n f adndredsiyH heaoR@iskt ol ek anﬂsgma}getlarm Q;%‘éoéghﬂg to the
above descri bed airpl ane-produced sound noi se neasurenent, the nethod
requires takongeiptodaceauny cmﬁphicpleﬂeyansah@ethacabbSetOepefibéﬂla
cunbersone task of data anal yses, and further the neasurenent accuracy is

i nsuffici enteinddt hus not conpletely satisfactory. Also, in a nethod for
measuri ng the point-blank passing time according to both the sound noi se
measurenent and the peak value of the electric field intensity |evel of the
transponder response signal radio wave, the neasurenent can be perforned
with consi defabPECBREUPrBEY. However, the peak val ue of the transponder
response signal radi o wave 8{Jlat in t| di stributi,on, thus

causi ng a_pr bl ittt %Lﬁq%%ﬁeﬁﬁn%up PRI H&?%%H% &d. oReetn

ai rpl ane fI| are significant| pereased i

] art| larly
the nunber 9 |rpFé%es é%|ng 0 5 ove r%%?éh an8|ng ngﬁ'gH?port

can be moregthanyso0 ﬁgsgﬁxla;nbggccsygaaypghgg§ gErtﬁﬁcﬁéhBQB flight

density can Ibe so hi g the flight interva | ess t
seconds, r eﬁebgwembﬂt%@dmp@héﬂwmcﬁs ﬁeaeh?eﬁearcgwge§@g@ﬁle60I se.

In the case of such a high frequency of flight
on the airplane.

In conventional measurement of point-blank passing time,
point-blankpassingtime isusuallyestimatedbyremovingnoise
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 meteorological conditions and the like.



measuri ng of point-blank passing tinme according to the above descri bed
sound noi se-neasuring neansi sdifficulttoidentify individual air planes and
therefor virtually producenoeffect. Al so, the neans for receiving the
transponder response signal radio wave has a problemthat it is al nost

i npossible to collect the peak value of electric filed intensity of the
radio wave . Disclosure of the Invention The invention provides a nethod

for measuring pgiptRlank, RRSSINYG Y ARe BY FRCELYE Pbe @l 13 pTRASUE

poi nt
on the ground, a terrain clearance neasuring radi o wave downward @gﬁirected
and emittethd{om ay abEPOTingaNd rapRRbhlied +OsBo898Mfa IChandBSwie
electric field intensity level of the radio wave. Airplanes are provided
W th one tofhreeo nath oviviede-1 ¢ adsit téd ner ant € as) rid ind e4id@i n cl ear ance
measur enent, which antenna has sharp directivity directed directly downward
and i s nmoumaeu-adir¢diel dot t om s facentod ] tihkakbodyawd Ksy tdreareoiind hielye ar e
flying while emtting a directive radio wave of a sweep signal of 4.3 GHz
(in the casecofehiticmg yoafwptanese chpuise & gha¢ ofeatfieqiieaby band
equal to or nore than 4.3 GHz), which radio wave is shaped into an em ssion
pattern spreabEmy usub®YS! 308 | AR headbf vidr de dir@ctponaipplang modeh t he
backward directjion and 50 to 60 in the right - - left direction, though

t hese vaIue%d%?ElE???E?%%Faﬁéﬁﬁﬂﬁ%ﬁﬁ%ﬁh%?Q%Fgﬁ%gﬁﬁiﬂ%ﬂaﬁW%?%?%?%?gby
recei ving tte aﬁove described terrain, cl earance neasurin radé ve at one
Spot on thet 87 oUntr AT hptt PP AU Gria VACHt dif PO B CONERT oFLharGes i n
Lectric fi . ™ . it ol bt ai
a vave forrsrbRaEbea e R Skt R PG oREnd FibB B B bR

em ssion pat{es nwl?éntf'ﬁet}?%éﬁi vafﬁs%éngﬁeggﬁerkﬂalaagﬁeef@g%@e{@tted from

the airplane i s crossing rough the above descri bed spot. his tinme,

the peak vatselettéde vayenéoenphpdheat.esdibgénanyertiigabap) ane
perpendicular to the flight direction and including the directly downward
axis of the airpirane dasvqasisath I e @by ef siesesd Hedh ispadoimbilek ti me
corresponding to the peak can be regarded as the point-blank passing tine.
I f the airppaseihastpassadcthdonghtbhehskybdireedeébyrabede t he neasuri ng
point, the length of tinme required for collecting the changes in electric
field intensirylargebrodutedgsanddt helipeakegalhuenentensheymatbodbecones

hi ghest. However, as the fLi%ht path is distant in the sideward direction
from the paFfddiFestiakigsbratercepdtt copwliisadel vardabde doidtents g time
requi red becones short and the peak value intensity al so becones | ow.

Further, thBSESPFRBCR iFHPRHmIAe d@Skelti Agtei #eal posk AIdd UWitets ¢ and

the ik I h di th ight alti , h i Si
LoCand the TERFPRBIFPBATHE oan S b sat b elent P Fife EhnGotRackrIve -
point-blanksgg§%kggt%%g§ can -_4 be accurately nmeasured as |ong as the_
peak value can be collected. Fig. 9 shows a printed out graph of changes in
electric field 10f&nsibyal@yoloffrdiNfichelahy ChePANME MEASLELAG 163 O

wave and the transponder response signal radio wave over 30 m nutes, which
changes aretohtahBedrQynEeeei vbg Hod s Wave s et Fuaaiet lagidngnat an
altitude of about 700 m above a spot surrounded by a forest area, which is
| ocat ed di rpetkyvhehewotthehtakeettracr fielteiandnsikm awvayli ot hiaedi recti on
of north fromthe north end of the runway of Narita airport. Although the
recei ved peskanabosgenfresiponse raignal eaddnceameasting mge aadi anamty €an
according to the invention are very sharp, the peak val ues according to the
transponderbﬁe@%bﬁ%%m%ﬁgﬁéﬂlF@@ﬁéaéé@@lﬁréc§éréﬁ5ad Bewewer pdilft 6K peak
val ues that the peakgﬁgints are uncl ear. Fi%.§10 shows conpari son data

simlar to VAéUEaSé Fri2RePoReehi hRtPWEh Fedhect’ 1% an'aais gitase t

descendi I'titude of.. 00 m. ab . which | d
i roctly DerSwitAC FAnbiRG e CPauPE AR 20 Rmeausy n et HOCRTFBCETaN of

south from thecsouth.end gt _Narita aitp Etﬁcﬁggqgge the spot is |located at
, ¢ .

seasi de and can o#%er a conplete view o e overhead sky, the transponder

response signal gadLor vwaves) {1 ORIyt ALLR ﬁi‘&ﬁiﬂ&éﬂ@l?vﬁ{cﬁ%éﬁ de, range
are superinposed and received. Therefore, thoSe radi o waves are al ways

recei ved at npin@Rrl, ey, pangi dhlsriy dise diukfdegUbE & Orpdend s fyal gy \Wrdual
received signals, and it is needless to say that individual peak val ues
beconme entirely unknown. In contrast to this, the terrain clearance
measuring radi o wave according - 5 to the present invention is collected
clear and sharp in the sanme manner as-in the case of Fig. 9.



The exanpl es of neasurenent of the above described transponder response
signal s show the cases in which both radi o waves are recei ved by

non-di recti onal 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 by the use of unidirectional
antenna, it is possible to collect the response signal for each airplane .

Then, the response 5Loaalq irs, USEIUloAS 20 0BG I MEALIE 0O Redlladd i S

insufficient I n neasurenment accuracy as poi nt ank passing in tion

because therpeak yalusuRhihhe Jespengerphgnal ri ot alerddt W dbh B,
particularly the directivity of the transponder antenna nounted on an

ai rpl ane begaoyeshad lkhesensighitvihy e@frazena)y ba 18esdifigetdy sovarvad d
direction of the airplane. The invention is for neasuring accurate

poi nt - bl ankegraslsi ingy tinmes dyyi ausd ngp lal dterarai af o iegs learoe-pwasitedigsdadd o wave
downwardly directed and emtted froman airplane, but the invention also
all ows receivigey the radi o wave by a

directly-upward-directional antennatolinmta neasured area. Particularly
because the terdai Ah¢l asan©d megdur hg Fhadire WereY @ thdrliiabiraltihe
polarized with respect to the flight direction, receiving the radio wave by
a uni di r ectHGHHE P & Pt b SRR B HES Pethiti et fecredepd iteh tareaPdfe r adi o
wave to be limted to an.,area extending along a i.n.air route. Fo

ool o, 1 i e SR Ao R e B n P T R P BRI RY 1y of
pol ari zat | Oﬂqc‘ﬁr\}fﬂpaafafgﬁggﬁgg%%'dn&léf £aghy 1 6,0 lgé?\g%%c%rneo dtyided into
t he respective runways, er eby perm %lng Yhe“8bto I'C measurrng of the
passing ti t niode j ik pl i i rv.a t he
like with ?g%%@t?ﬁfo a|r%Fggégﬁ%gk?%a?gP%.gggﬁa%%$%gPE?ﬁggﬁf%é%??€?gy
charact eri std i ®fat/Be POV cdesarihad; Hnisdi 1ees ¢ @ﬂgbsegb%lt@&bpneéﬁt enna
is already known. For exanple, the directivity coefficient Dof a ~, /2

di pol e typetiod pealkavizaticmeaatenrna £aledd ndalnailtat ed the haibobhesi ng
equation, D (A) - cos (~t/2~cos6) /sin6, and the directivity characteristic
di agram t hereof can be displayed as an elliptical figure in which the
directivity axis is taken as the major axis (see Fig. 6). Therefore, a
plurality obPismle$vectdbnizhe pbheentzbenon antennas of the ~, /2 dipole type
are conbi ned and placed such that at |east one of the antennas nmay have the
directivity axi sThf ieceedlen peevigessnae Bhad d oriee st ey rasht nayahkve
different directions of directivity axis and/or different receivin

pol ari zat i OFP PP HRe S IPHRY &y e LV Nidg %%§§m%?%u¥bn%ﬁF§Fﬁi?%éjﬁth%uﬂgta of
azimuth direction wt resgect to the spatLal%%osition of thg.airglane at
this tinme at 1He MEaSIPFAGEEIHI2S Hal s FYA2I HITH HGIET LN HREEEF 1 ght

di ti .akrpl h it h, i nt-hl i j f
1 et on oLdBg,g calang,.) guelbet. Wi e poLnL Al PSR LU ©
pol ari zati op, api 0pAsS. f‘lelé‘?ﬁn@éné‘ft{zzlg{égi’lSf_tt’ll?? fL&i SOl ped such that

(
the antennas may both have directly-upward vertical directivity axes and
both el ement axes:af1dhes antenasy @l wiherdzonta! tnr& thogonal to each
other so as for the receiving polarization planes to be orthogonal to each
ot her. | n thaseconbhsaltoimgwhebehhe (ant enonasereaehvesebhgnterrain
cl earance neasuring radio wave of an airplane, the signal outputs of both
ant ennas exhébstrgeakt yabvbeshaéntdéenpohas- bhank gasschivitpeddfethed
ai rplane, and the ratio between the respective intensity peak val ues
i ndi cat es adspectiydawmanctandvias neusit echen dilreboitiiomyseotd¢¢ cifehbheval ue
ratio shown in Table 1, which nunerical value is dependent on the azinuth
angl e with Pedpderks shenecdpat TARY p&si k1 0 OVLL ke el i iader di TERAL VEI ne .
For exanpl e, when the polarizati.on antenn | gi,ves a peak yval ue _and the
pol ar i zat i ORRAND BT @5 SSRESR IGPRING. ¢ R RAPar FOSFIIoR L TL Roat ed i n
the azimuth irecthyity. axi f en . n .0
bet ween theag%?%gﬁegéfhﬁéhéF %.&%%gogfaﬁg%fﬁﬁ%ﬁ@ﬁg?ﬁéfﬁ e%pgéi%igﬁEFs
located in thendireckion ofide ArBILLANYL Hagfld Bfto4an0knd33idhi h
respect to the directivity axis directions of thée antennas . \Wen the
output ratig.ieanVabHea@ihgrudhiam ¢ haseni tnksebadi £ated dhatod he i rpl ane
is located at an azinuth angle other than the above described angle
according to the ratio. Fig. 6 is a diagramfor showing the directivity
characteristics of both antennas al and a2 in this case, and Table 2 is a
table for show ng the rati o betweenbothdirectivity coefficient val ues
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 _ g _ obtain basic data on azinuth angles with respect to the

e e Y -, = ey



Therefore, the point-blank passing tinme of the airplane can be neasured by
the time when the antenna al gives a peak value, and also the el evation
angle with respect to the airplane position at the measuring point at that
time can be obtained by the ratio between the output value of the antenna 2
at this tinme and the output value of the above described peak value. A
recei ving device conprising the above descri bed conbi nation of two

pol ar i zat i ofy AHLIAS S ¢S TRl hd Ao-MRBSHRL g, LG, PARSING. L e and

t he nunber of passing airplanes with regard to the passage oif airplanes
flying al ong1argiyered fol Odheughowayves vadubku B bhY refehiessp @i gt enna
conbi nati ons can be conbi ned to expand the neasurabl e sky area and achi eve
t he increasad degsemnofmamsalsalr i ng accuracy of the _ g _  flight traveling
direction and traveling azinuth angle of airplanes. For exanple, in
contrast to the Tdetregfortche baboveedesicry bédt take vpoldarszatbesh tantrenmas al and
a2 whi ch each have polarization planes orthogonal to each other and

di rect | y- upwegar 3¢ e eI Vdilnect # 91 @ yavd at e ewerinan sdheang oardeawhd have
directivity inclined toward the overhead sky in the four directions with
respect to YHIVeltd 83 TG ARG BRABIFIPUTE ardfiad et &htd 2t el €onbi ned

ith f ol ari zati t whi ch h cei Vi i zati I
over | apped ot SH S HeY LRy g Th6! AP AR TETe pi de BPsBRE Tant ariaca b and

2, that i f I t f i Vi. i it
gossib?e ;giﬁgﬁgggﬁ¥ﬁéggéﬁgﬁé% Cgﬁap %ﬁﬁéﬁﬁggéi[ %ngkgggggékﬁs%ﬁgglls

rovever, 1NN 6RSeni PLOGERING A o fahd {EPPLYSU IR LR IR L0RPIRLS

becomes conpl i cat ed, ereby causing a problem of 1 ncreased cost

receiving deyhes waned éﬁ'iflﬁtﬁéérfﬁ&wﬂ@{@aﬁ-rp&’%ﬁ%ti§3éﬂd/ssi§1%0(ﬂh%bhéﬁt’c9@ o
antennas are conbined and placed to configure a 6 channel type of receiving
devi ce, whesigbve tdesofiidenpeve ditr ectilsytupwar dhdi peaki vt eayestnad

pol ari zati on pl anes orthogonal to each other, and other four antennas have
t he sane r egavefogn polddcazatsi Oha plaaner ascabe leaind herpbnatcdesetidele
directly-upward-directional antennas and are inclined such that their
directivit yfhkelkt iy dse irags padt ivel ydspg dde diretonmrdbwiiea overdisadfsky so
as to divide the sky into four parts . Thus, the 6 channel type of

recei vi ng dele @é idpaeshas ¢ ag seshpe ébovicedpact ihed @pmigeandihdg eéreic - 10
field intensity level of the terrain clearance neasuring radi o wave of an
ai rpl ane, mﬁ%?%%?p?%ﬁé?%é¥3ﬁpﬁhp?%ﬁ‘ﬁH}Hﬁ-BP%ﬁRdBQ§§Tﬁ@etpﬁénéfbiﬁﬁk

ai rplane, data on t@e azimuth angle and el evation angle with respect to the
spatial posPtPdh"df “tHi& airplane at that tine as well as the flight
traveling directy ereof_ ¢ . i ur

econom cally andllgfng(}?ll e aﬁ/ne;gralgg)r%%%%ﬁ%Pyggoﬁeggguéﬁr%&a]if%ﬁgggs
flying al on r I 3l t r - t: I an

i 7pl ane. moas T aenei o ny & ga oBe red by ee iy o ePEAsEEA A,
response si gRalcHarapsdmihteted¢ o1 tfhe 1l LRtansi e dhe nespeediave data

obtai ned by flight altitude neasurenent and sound noi se neasurenent is

tail ored tope@kned tes iidteridia yreasur paeshedfhidite aboveaidglesad bed the

poi nt - bl ank passing tinme obtained by receiving the terrain clearance
measuri ng ratighwassh Theliedhantr ehitdld bitgwatduiirieoisi aredsumertenbatan

i ndi vidual airplanes can be increased, and particularly selecting of

ai r pl ane- pr ddueetl ¥ouplverdilse sbodm the teusth moi detearsddd epdrijpaatdmeat el y
and easily performed. In this case, the receiving point for the terrain

cl earance nE&sBirag PaarBeiavBOrtharfletBPVPAGXpERAECT RCERELEYaRSPBNder

response signal, and the_neasuri oi for the sound noise, may be the
Same spot oPSUPRPENSH: SBOFLTEEpaa O okt BACR GOl THening Laler al | ty

of measurin ints _for_point-blan assing ti.ne are djstributed and
orovi ded, woeRZ2VaSut che BEAEH ' HEVPRES U el G irtneig RS, on
t he ground Fﬁglngagtaglggggdggcated directly below the air route. Further,
a - 11 plurality of sound noi se-neasuring points are distributed and
arranged at requisesyPesichieonss Nl weehd BRe BYIINtLTRY APKn RATSHEOLK value
time-measuring points, and further nore a transponder response

si gnal -receba¥kenge piddris: praoNd dadratfoar pobht+BI¥nBPSdSsitd dides camnner,
the data neasured at those spots are collected to a central aggregation
office, thereby permtting accurate and easy neasurenent of the flight
conditions, flight courses and the |ike of airplanes and the situations of
di stribution of sound noi se produced ever -a gi ven area by the airplanes .



In the present invention, the changes in electric field intensity |evel of
the terrain clearance neasuring radi o wave obtai ned by the

di rectly-upward-directional antenna shows intensity change starting to be
received 5 to 10 seconds before the point-blank passing tine of airplanes
and abruptly rising about 2 to 3 seconds before the passing tinme, wherein
the airplane are at an altitude equal to or |ess than 2000 m and have the

potential fior effecting g%gw% f dség? %w?ﬁ&?ﬁﬂ% gﬂ%'%]lq;e dhenefore, a

canera having a photogra I recte y-upward direction
is provided-@af; &spt |located directly below the air route and the time of
its initiation is controlled by using, as the trigger, a given intensity

val ue of the risiind el 86éWh G iraind danbarsytypRiof keakefdsain €1 eatanee
measuring radi o wave, thereby permtting easy collection of effective

ai rpl ane passapgeineeasdsy levi of tBrl efriDesceilphirancemddmmMmanwragsoFi g. 1
is a plan view for show ng a conbi nati on and pl acenent of six polarization
ant ennas aceoveiaty ttheatirenspoenbodi eeponsEi gl gal salisi deve ewetroBOshow ng
the placenment of the four polarization antennas taken alon% a line x-x of
Fig. |; Figiimuiesaqwiidd) \@RIesr 28RoW hgl R ee I de&sRemingt PPhe vavee

pol ari zati on_antennas taken along . a line y-y of Fig. 1; Fig. 4 is a block
di agram foroglﬁiwaﬂﬁp;r‘?neq éctorid giteFH ?Hgﬁéﬁi?ﬁﬁﬁgﬁqﬂq Ad %M eBPverdr a
terrain clearance measuri radi.o_waye; Fig. .5 i,s.a display diagr for
Show ng & PoTRE ot DA B B SRREY rartt el danparar Sorg POseTY o
directivity r risgl f_1 arj zatd nnas .~ [.2.dipole
type which %%g&gggn%gn%%&%%fﬁea%%ﬁgéoena n%?g %glc%%a&héfi; tglgg.gl]fefélgh

T L s

is a display)thagsRmMhor ShOW &G gk pRSIMd PR ARBe terrain clearance
measuring radiowave according to the inventionare verysharp,
the peak values according to the transponder response signal
radio wave are so broad at the points of peak values that the
peak points are unclear.

Fig. 10 shows comparison data similar to the case of Fig.

9, obtained with respect to an airplane descending at an
altitude of about 1500 m above a spot, whichis locateddirectly
below the landing air route and 20 km away in the direction
of south from the south end of Narita airport. Because the
spot is located at seaside and can offer a complete view of
the overhead sky, the transponder response signal radio waves
frommany airplanes flyingover thewide range are superimposed
and receilved. Therefore, those radic waves are always
received at high level, and thus it is difficult to identify
individual received signals, and it is needless to say that
individual peak values become entirely unknown. In contrast

to this, the terrain clearance measuring radio wave according



flight direction of an airplane at the point-blank passing tine depicted on
a map, based on the recorded data of Fig. 5; Fig. 9 is an arrangenent

di agram for show ng four point-blank passing tine-nmeasuring points along an
air route and five sound noi se-nmeasuring points |located in between the
measuring points according to a second enbodi nent; - 13 Fig. 10 is an
edit diagramfor show ng vi deo canera-photographed frame pictures of an

airplane flyj paothrough the qrerdiead skyiaeeending. o Lhitg shadi ment;

Fig. 11 is |sp ay di agram or show ng changes in e ectric f

intensity Isea\ﬁeé Sn@fndhed erd ae dear ceriasyiri ng radi o wave and
transponder response signal radio wave of an airplane when both waves are

recei ved at thetsamexbiniResadd heGsukdnenta odi $pleabdivagiamcyifeldar to Fig.
11 for show ng the case of changed neasuring points. Description of synbols

A, B, C DtiendporRdmarezpbhes sanheansasRw Ehemante saxi shi-hBlotghtadidd i t ude
M Poi nt-bl ank position O Point-blank passing tinme-nmeasuring point S:
Sound noi se+amessareng: ol ved Ry Rresdirbetianal ragutenrniés .Endopkveunway Best
Aspect for Carrying Qut the Invention Aspect 1 A six channel type of

recei vi ng déw eesiesof ibeadlaf imsupt el brovlie uppee Emifaf gatd e gherol um
provided at a spot |ocated about. 5 kmaway in the direction of north from
the north etif BETRHRE Cdahay %]frl?\}aarri‘?%aéier?ﬂ?]fox%?%lr% “Ché taé‘(’,:el‘\’rl?% devi ce
has six polari za{_Fl on_ant ennﬁ

g} r n(g)%n % accor di (gﬁit J hC onaitan condi tions
shown in Fi'g>FTor" Fegdivi ngjt%ee LS TSR PEAF R SRS n% FHHY wave of
an ai rpl ane, ALso..39.,2nlenng Lo (hecelyide d begLL srspondar, [ espanse signal

n € o0 e

radi o wave |snD te e Si anges 1n ric field

'Wn; eQS'CIt ?ICL.@Q{&E S 53{1 I&gggaﬁgé%ﬂ%ﬁﬁ 1%rﬁs%99E'ta@%g§r%%%'hdﬁqf$9m§tEQHPUt er
gram o he r especti ve

ant enna- reC@&HQQ:§égﬁ%h$flclentlemeasurementaccuracyensp01nt -blank
passing information because the peak value of the response
signal is flat in width and particularly the directivity of
the transponder antenna mounted on an airplane becomes null
(sensitivity of zero) in the directly downward direction of
the airplane.

The invention 1s for measuring accurate point-blank
passing time by using a terrain clearance measuring radio wave
downwardly directed and emitted from an airplane, but the
invention also allows receiving the radio wave by a
directly-upward-directional antenna to limit 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 an airport having parallel runways,

a plurality of polarization antennas corresponding to each



Fig. 5 shows the printout of the recorded changes of each data. Fig. 1 is a
pl an view for show ng the conbination and pl acenent of six polarization
antennas of a ~,/2 dipole type which antenna is to receive a 4 GHz band for
the terrain clearance neasurenent and has a hal f-value angle w dth of about
80. Fig. 2 is a side view for show ng the placenent condition along an axis
x-x of Fig. |, and Fig. 3 is a side view for show ng the placenent

condi tion i f. Ri :ﬂﬁg, tical
directly- uglv\ar - dlrhrlg%t%d‘ydyrde)cltrﬁw ty an%gare S’VI aéée %1 that t eir el enent
axes P have,d:he dolay ta@ta@aoxﬁéeﬂesnecarstmg@ak 10 @R iMdhenmks, tHhee

horizontal "direction, and antennas C, D, E,and F surround the vertical
axis and areur@sgh dmcﬁagsedzﬁalwptltanreespeqtlgm theev@ullsCahdaxhs IDkdave
directivity directed toward the overhead sky in the four directions of

east, northyittestegnekbisoud hg indiered  tdieired enehtoaxesnd®irof. t he ant ennas D
and F and the antenna A are horizontal and parallel, and the el enent axes P
of the ant ennas TGeand recdriy ittlye chamacitertilbé idi pécthenabbverdesntaiben as the
antenna A and are each inclined 30 in the opposite direction. - 15 Fig

5 is a graplidtreet hordl ol r saa sl o ATy 4S5 fd r&3dva kperti-calOfxi s
indicating electric filed |ntenS|ty val ues and flight altitude, for show ng
the printowd=xaPHat £henphitre léé’oﬁ@ééftlél&néoﬁp%geﬁf M\@heiephet RBPR- x axi s
of the above_conbi ned antenn ies in n Qu orth at a
Teasur i ng p%trﬁ@%wdzmoraba&ate T BruGed e e RaRge L Pt 8T SaPHE 1 ol d
intensity Ig &Y L gﬁalned by rece|V|ng a terrain clearance neasuring radio
wave enitted from ah ai rpl ane fIylng t hrough t he overhead sky above a
measuring point, &ﬂd—IQE>f| d) qgﬁ i nformati on obtained by decodi ng

t he transponder response S|gna °Fa romthe graph of Fig. 5, the
respective dhdeshatdwhbehivhey dihgeitye vpyal d- di 4§ehh otiaér 80t eagasp& and B
gi ves peak val ues approxi mately coincide with each other, show ng the

poi nt - bl ankd paissangdt a srearofe Jani @ irqe larfe. uiltee imavihd chALBr Hétreeenvibe
respective peak values A 820 and B 230 is 3.562. Thus, Table 1 shows that

t he azi nut haahgl eswiékenespethetmaibe axisvakedi Fegti 6h.of the radi o wave
is 19 or 341, indicating that the airplane is located in either direction
of these angl es %heﬁ¢ﬁ9¢ﬁmrﬁ-Hﬂuaﬁﬁ15a5§ﬁngnﬂd#§ectapphérPoéaehzeﬁﬁpnt val ue
of the antennas C (east) gnorth E (west), and F (south) inclined and
directed i natlhenﬁeﬁtroﬁltﬁ@c?»/ rdivele dvedrascenbinesd and pRaged Fach

poi nt - bl ank i ndi t hat the ai plan s |l ocate n the

West south BPFbe Fg%é%ﬁrﬁ%eo%%n&ﬂasnead 51&9{& Phecah BECRHAGM ¢ hat
the airplan hggg&@% |@ }hgt & dg%%pej{ncl th%' regtlgn of an
ge of % urfher

azi mut h ang ront e neasurlng p0|nt 5dcadse t he

output val uas Eé?eﬁ‘é' at edc8soks “oP alEeetmgcyugxlend/%% a@%taggén efore

the point-b passing tinme and > D about seconds after the
poi nt - bl ankr@é‘éﬂrﬂﬁdﬂ)@?ariﬁa@@@n 1&Royn thalrddie aid B'sa@%sBﬁ%ﬁ%dtbhr ough
t he point-blank position from northwest and then flied toward in the
direction obpeash- sRUtIBLast . dM S f the nutiensider riald oviket weeplhepeak val ue
820 of A at the point-blank passing tinme and the output value 1180 of the
antenna E aththapatin® psstiof9bf ahd nhepétaoreait thas hémknawntheom Tabl e
2 that the elevation angle with respect to the airplane at the point-blank
posi tion ismabeutriag, rahdtt héabhtdf reimith mnagle plak dag kodwilabbtt 540 m
by decodi ng the transponder response signal at that tinme. Fromthe_ above
data, it caAibeckaewnofhahet Rérrilangl afedeshescaicd ahet Reipsshdpdk of an
azinmuth angle 199, elevation angle 42, and an altitude 590 mw th respect
to the neasHPPﬁ@nﬁthWeoofaﬁarPgénéﬁove position is a straight distance of
810 m and a hor#zontal q_stance of 600 m,on the m t he

d.I
asur oo o o kPt &) 28 En Sk 8T AR el o p R AR S T Y o
t th t t th t 09 th | t
Vertical ﬁﬁiarﬁz«? ST (ol qa2edrak/ S Giks are degRigled 2
displ ay o aguam fore show nc. the. RaiAd 0naug 411 oty lnsrd enol e

ai rplane at the point-bla pa55|n tinme eplcte on" a map, based on the
above data. gAspeelv2t aﬁeéOHﬁQ POL B e NBASKHE | 18 S VSt BN L QAT HA AR YA €a

i ncluding a zone located directly below a 12 kmlong, straight air route
extending in the north direction fromthe north end of the runway of Narita
airport, as shown in Fig. 9, the sane - 17 recei ving and neasuri ng
points 01 to 04 for the terrain clearange-neasuring radio wave as in the
first enmbodi nent are provided at four spots |ocated approxi mately al ong and
directly below the prescribed air route R and sound noi se-nmeasuring points
Sl to S6 are prOV|ded at SIX spots in betmeen the rece|V|ng and neasurlng

o . I o



Therefore, based on each point-blank passing tinme neasured at the neasuring
points 01 to 04 and di stances between the neasuring points, an average

hori zontal speed of an airplane can be cal cul ated. Further, the point-blank
passing tinme at each sound noi se-measuri ngpoi nt al so can be accurately
estimated based on a di stance between a neasuring point 0 and a spot where
the normal fromthe sound noi se-neasuring point to the prescribed air route
| ntersects 44016 al11 ¢ BkeoBhenelorgon dentiideati an and extiagtign of

ai r pl ane- produced sound n0|sg out of the data of sound noi se neasurenent
formng a coipd i+ cal et veMel s 685k e tacidmatieky adh easidy, Perforped with
reference to the passing tine. - 18 In this exanple, each space distance
of the runveymentk i on OlhentzhealB8ennBé e AL Ahe 2@92 an 2689AANndO96mM
respectively, and the corresponding flight times are 66 seconds in the
predi ct ed wedaeubased o dlatardbase ok itrhe aspacendi stgnee ohtbhesrapway end
Z ~ 01, and 21 seconds, 24 seconds, 23 seconds in neasured values for the
space di st ances aQtenn@? exB3bit(eak ospectsi zelyhe Phenefblenkt besavegage

hori zontal speeds for the respective space distances are cal culated as 60
m second, 9916w Skddrl, AP 8 ssecond taued 88 L8m betondnr eBpecespetyivBased on
this, the point-blank passing tinmes at each of the sound noi se-neasuring
poi nts Sl tHNEE T EARRE bttt tifd itedafr ien§PE6iALS BuRehécappyakifat el y
accurately calcul ated. Further, Lp the case of the above describhed. case,
Shen 111 ghtS hodd B REREI Pt et B G & i e gnarota s SBParnba by
reception of ponder. S i oLl ected at an arbitrary spot
are conbinéﬁhgggﬁﬁggggl%g'gﬁlggiggteﬁﬁ%ﬁ%%ﬁ%ﬁé % %fﬁ?&%ﬁjhﬁaﬁgemrfﬁﬁrespect
to the arri i i r;ai:n _c rj r.adj ve at
each point-% %%§&%§§ifﬂg %g%%ﬂgkbggé%lop'%ﬁgﬁﬁggg6??%886%?%¥fﬁbﬁ9?§©04, it
is al so possibl erd0 digagitre thed IH@hbResitiaen cdndnflehght Adi g@%boa of the
ai rpl ane at each neasuring point. Further, these data obtained at each
measuri ng ppéak €anudeand e e isnedat iconmpiesnal a2 eenkeal naggragati on
office to calculate an accurate flight course, thereby providing reliable
mat eri al s foheféightamanagehehtnand hatetedl snf bheconnhetheasutbs agai nst

ai r pl ane- produced sound noise. - 19 Aspect 3 Fig. 12 shows a

phot ogr aphi @1 ¥eebidithoaxby of dceepatenhawhich Whan dhef reitéw pbstaeghven
range of the overhead sky having its center |ocated directly above a
measuri ng pEPﬁt?u%E%Brﬂﬁﬁﬁe%dD%nahﬁﬁEHﬁﬁbﬁﬁ dfr &heetRs8lenepResd§iaphi ng at
t he point-bl an assing tinme, wherein, en changes.in electric field
intensity Ié@efog?t%Qt rEH?1QﬂQESE%R%ﬂﬁgé%ﬁﬁfﬂﬁg?gﬁﬁénﬂéﬁeoénFEFéarin t he
aeronautical __area.i_.s,recejved by a receivi ant.enna having directivity
directed in4?hé”ﬂﬂPZEtV§tﬁpﬁ%§Qg%ﬁr?ﬁnéﬁﬁ14¥}QQR%Wﬁ5¥:aéﬁ& aér?ﬁéﬁopﬁput and
recorded {002 GAIMULRhnaLNe FANRMAd SukBill ALefol), 3 141 00%Rl,0ak,0f a
predeterm ned intensity value In the rising process o e electric field
intensity. {hiSe! 8¢0rdihgidatbfBnae s £l 14,001 0 022 e 58692 nhEAME
exposure portion of takeoff airplane pictures taken by a video canera

provi ded ataagheastiié g Nthe WBLER REEBLibed| Heqt ehdidetily tRekaw t he
air route and 7 kmaway in the north direction fromthe north end of the
runway of Naatta.airport. According to seven airplane pictures recorded
from20 mnutes past 13 0' clock to 56 mnutes at the sane o' clock Sept

12, 2000, each airtepl afelpassedagharouldr t sleowkyg athetdlieeapavityn t he
direction of west fromthe sky directly above the neasuring point, and the
ai rpl ane noekpsacterghtidpretiiadds anjaaneli ghtand @2t bdesh tardse esnidnat ed
fromthe shapes and sizes of the airplane pictures, which are useful as

on-target affplare Hpasshge factersing the ratiphpistesupoppiireshivity
According to tg%.inve tion, the neasurin ﬁélthe point-blgnk pgssing tinme
with respectForaht6ler head® paSsT g ¢ ﬁ?oa § £G5S SrvEd By SFELETENg a
terrain clearance nmeasuring radio ve. directed. . direct]. ward.fromthe
ai r pl ane, aﬁae?%ﬁﬁ%?Pﬁdnﬁk T 23%3ﬁﬁangﬁ8888§”5%%éFé%55¥%9f£gF8Cgﬁpgnsity

| evel of thecsragdLo : usd I 1% apgakval f. .t he,.changes
IS producedeTEg%ef%ggs ggggbngggga Rﬁ%ﬁhggkggggﬁ?ig%aﬁ%négﬁ%&bégsgg on the
nmeasur ed val ue of sound noise and the value of electric field intensity of
a transponder response signal radio wave, nore accurate and reliable

measur enent can be perfornmed. Particularly, in the case of high flight
frequency where neasurenent by the prior art nmethod is al nost inpossible or
very inferior in accuracy, the present ignvention allows accurate

measur enent of the point-blank passing tinmes of the individual airplanes.
Based on this accurate neasurenent of point-blank passing tine, it is

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

e .



Further, the invention may be used as invasion alarm ng neans for abnornal
path not following air traffic control and a suspicious airplane in
lowaltitude flight. - 22 Tabl e 1 Angl eAnt enna alAnt enna

a2al : a~01. 00000. 000020. 99910. 027436. 439340. 99640. 054918. 165460. 99200. 082312
. 050280. 98580. 10988. 9751100. 97790. | 3797. 11 64120. 96830. 16515. 8662140. 95710. 1
9284. 9642160. 94430. 22064. 2801180. 93000. 24853. 7418200. 91430. 27663. 3058220. 89
710. 30472, Q44724018 78201:33292 6399260, 8501036112 3789280 83830, 8891 2. 15263
00. 81650. 41781. 9543320. 79370. 44621. 7790340. 77000. 47451. 6229360. 74560. 50281.
4830380. 72048s H30M . 35604001 69460 55891. 2428420. 66830. 58671. 1390440. 64150. 6
1431. 0443460. 61430. 64150. 9576480. 58670. 66830. 8780500. 55890. 69460. 8046520. 53
090. 72040. 737054 /A0230. kL8 643260146 20t 6ADRE. 81624080244620a 79B870. 56216
00.41780. 81650. 5117620. 38940. 83830. 4646640. 36110. 85910. 4204660. 33290. 87870.
3788680. 3047p8bY Iy r8338687000R7 66O FH14J0.L3257R6. 485 @ 183G00.526 73740h 22060. 9
4430. 2336760. 19280. 95710. 2014780. 16510. 96830. 1705800. 13740. 97790. 1405820. 10
980. 98580. 13148702 HEFEB0 LFIPO0 16830860208408r HHEaD . 05 FEEE0 OGP PF0599930. 02749
0~0. 00001. 00000. 0000 - 23. Tabl e, 2 Angl eAnt enna al Ant enna aZ2al :

a201. 00000. BABHC P A296 Y9BH (P BEBRUZ A9182 B 199640 859 A5HD 83 tH9280n 87871. 1
28980. 98580. 8971 1. 09 3&8%.9 790.91431. 0695120Q. 96830.,93001.,0412140 9%710.944
31. 0135160. 94436 9%‘“7% 1636818079306029%83t: §8G5500. 91436277867 8348220. 8971

0. 98580. 9101240. 7 .8858260, 85910. 99640..8622280..83 .99910. 8391300
.81651. 0000 E%%%gggo&}g%%%’gg%g%ﬁgjsc?t%{) ?3366%?2‘46987%%%8’%%%80%9200. 75
16380. 72040 5 7 4 0 90, 420,656 9 6902440..64150. 957
10, 6702460, B1930 647 Sh oobEh et BRLS 0  BSbOn A a30adc b o s 490 aidz0. 5306
0. 89710. 5918540. 50280 A7AT0: BI22560547 450 BE1Q 7523580, 44620-83830,,5322600
.41780. 81650.51 17 - 24 CLAIMS 1. A nethod for neasuring the point-blank
passi ng ti nehafaaveaispl angi sdwdmciergizect By spovhniwusly. recand e
aterrain cl earanceneasuring radi o wavedownwardly directed and emtted from
the airplanéifégingithrooghfibtenverhtadsskydatheneaspot benwehr poohnd, and
inputting and recording to a conputer changes in electric field intensity

| evel of theoehfecientThalueshadef speabisadi agcohdipoi ho- bhankppasslng time

of an airplane according to_claiml, wherein the reception of the terrain
cl earance nBaSuFiAY PAJROTRATREFs Per FBPHBdIiByTaRl&nfenna which is
hori zontally non-directional and.directly-upward diirectional. 3. The nethod
for measuring the pornttd Bﬁ%gkﬁafﬁpﬁep%fs%fhg gilfﬂﬁl %ﬁetq}&é&FHilﬁBeto
claiml1l, wh i ecej vabl e, area. o terrai ar ance suring radio
veve 1o 11 mrad s SRR B R ByRE e A SR A Bng U encre®
hori zontal | y,ypi diz-ecti w@he@a@vqlt&%tahygwwgm r@'s;g%ett' e a4rpllGeMet hod
for measuring the polnt-blank passing timme of an airplane accorglng to
claiml, whgbgﬁeibheaﬁeﬁﬁgmbagueﬁn@hﬁoiﬁﬁréﬂ!%Hatee&ﬁec@a@&ﬁﬁBbtagpéadl0
wave is performed by combining two pol arization antennas each having
hori zont al | pyutid¢lirkegiol paakeandHl baepliy-wiWwes & fdiKeclntiala didteehiiyi ty
such that the elenents axes of the antennas nmay be orthogonal to each ot her
or nmay obl i gurkyanattdres eatpuanda wherei rthichebohandgesct tbed getak vafluel.d
intensity received by each of the two antennas are input and recorded to a
conput er at the Rareceinengthevyeby pewnpi tshygbilkecadarva dasanibednuth - 25
angle with re;gect to the position of the airplane at the point-blank
passi ng ti meomBinghéoped hoWofRl ampldal 1 9my anfenpaicnt s HisgAk Lgaash by foirme of
an airplane according . to claim1, wherein the reception of the terrain
cl ear ance n@ﬁéﬁPFﬁ@gggﬁ?BaﬁééﬁgﬂéuﬁéﬁFﬁﬂﬁﬁﬁnBWb%Bﬁﬁ?B?ﬁ%l%ﬁ@lﬁF&@Pﬁﬁ si X
pol ari zati o t ennas 1§@%%§in t wo antﬁnnas of the. antenn

e

) \ h .
Gi rect | y- UpWATH- BT PRRLdP GPFOREPIRED Snd e BIGont " A%eal P MoGoiar t o
each other Lo, the ori zontal.direcsiop,, and LbecgLber fgus, aasennas have
o the sal

t he el ement "axes conforned enen XI'sS Of one 0
directly-up sdikecgt i VIR NS, i i 00 of
orientati onwgfrg%la%rg ig)nglcj?%lééggjdc ljtr\ﬁeacﬁe%)hel r &ggé(@%aﬁt{%ﬁl‘e\??t ,area
sur roundi ng ahhe, & 1 864 loh UPMBE 8a 8%l e JTE BE FESASEA Y BlobusRIgAdr Qe toward
the overhead sky so as to divide the sky into four parts, and'the
respective changes in electric field | evel received by the six antennas are
input to the conputer at the sane tine, thereby providing an azinuth angle
and el evation angle as well as flight direction data with respect to the
flight position of the airplane at the point-blank passing tine.

—_ 9 -



6. A nethod for neasuring the point-blank passing tinme and sound noi se of
an airplane, characterized in that together with changes in electric field
intensity |l evel obtained by continuously receiving a terrain clearance
measuring radi o wave downwardly directed and enmitted fromsaid airplane
flying through the overhead sky at one spot on the ground, airplane nodel
identifying signal information and flight altitude information obtai ned by
recei vi ng and facqdiNG1a g ansReNdes, -arf tra\feelsﬁfbn%ezﬁﬁ\;gﬂfilar{gaicg Qe

emtted fromsaid airplane at the sane tine at the same spot or a dlfferent
spot and/ oraisinghdoi se data from said airplane neasured at the sane spot
or a different spot are input and recorded to a conputer. 7. A nethod for
estimating the poirdxdheiK, RasSSIMddiTeoaihasedioitadabosbadadeivaed by
inputting and recording, to a conputer of a central aggregation office,
data on changepdlureladtidc dntedithd nteeinsdtd/ d2wéliadbtedatechawe cont i nuousl y
recei vingaterrain cl earanceneasuring radi o wave downwardly directed and
emtted fromlarid@atplanefdnghprtiroumgiet Heo eertheatheskyerat each of a
plurality of spots scattered and distributed on the ground plane, wherein
the poi nt - BHarfCTphssinRRd Merdfl oodi d1arPFplanéYat LAt ineatebdiaape apdt ot her
than sai d neasuri ngﬁpm nts is estimated. 8. A nethod for neasuring a flight

course of aif &P Eem%t%ﬁ%lﬁlﬁé&@@éidtﬁvafﬁet%ﬁ’ Pﬁﬂeafﬁ@adcﬁak’a]c@erlzed

by i tt d t ut e f t t f

Chgetor  w T dgHE G aﬁogrésé’w?- S B G SRt 3@'@"%& | ned by

conti nuousl ¢ t%celt{ ngp ][' aalopa%I ar e ea thngo[ﬁt olé"@i’? %{Qwar dly
rom

directionally em he ai'fp ane yI hg throug & overh sky at
each of a pér&%@ﬂ 1y Wi c &@&%@e R4 ﬁéié?]%g@l&?'pri S 108 19&'&0'
surface, an alrp ané |dent| ying signal and Flight altitu

i nformati onydat %h@%@b@ﬁdl@g‘ PR U Y pl 868E V6 NEnd M@éﬁr@@é‘%@.r ah&sponse
signal emtted fromthe airplane at the sanme point or a different point at

the sane tiae, taad/f, 08k dalbaqbl @ichadnall 4hise samedqdiviingdedi def f erent
point at the same tine. - 27 9 . A nethod for photographing an airpl ane
at the pointtblsapkspalssée iy pemEorharsms wrematt adaptiablei o @ddj fhtghdn wi th
the inputting and recording, to a conputer, of changes in electric field
intensity |@ve¢cobemsned by continuously receiving a terrain clearance

measuring radi o wave downwardly directed and emtted froman airplane
flying through tHVAIhedd SKyp é%aS@neP§86’@Séﬁntgh@fgfdéﬁﬁdreﬁeéaﬁ@r BYf or

hot hi f th th t tiated
When the el B4t G *fvaerﬁ}e&laa“ %gﬁ@w%naﬁé tée?@é et Sgiaentpreblenzg
. AYa. AN oAN Y, A Y
E e bt e Ry AP AR i< 8 e yscw n 10
R
}xsni d_Z] ca] ca] caefca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] calLed € LCRlgHNArization antennas are compined and
. JvXYi | wxN<! } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]l
ca] ca] ca] capratea)l ca] cehecafaatcal eatrahna] calb&H#EBE&KERI Bing(&élv{dE))))) Atd
,8,..C0 D 00111} xsnid_Z] ca] ca] ca] ca] ca]ca]ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]c

a] ca] ca] ca] ea¢ral sajwad £ dlhea] bay e ajicaad]cajoa A X286 7{ 8884 axes and

] ca] ca] ca] ceptar ca]iba?na]kﬂi]empﬁa]l@@pm]lca]) cHdaptakea) aad cdlheat YOxrIIII+KhK

KKKLOL1L6L7LHLI LSL_LLLL8MGVMMMVIMNTNNNN} xsni d Z] ca] cajl ca] ca] cal ca]ca]ca]calc

a] ca] ca] ca] eafealrea] tayeallen] Taie &g araredjedd] zed] 4] edjpes] @a) eapcal NO>O
qO[ OOPPP

q QYRRSSNVURWYERF £PPYEefs #i & AT [ nsedniva uared g icgda| e c a1 E&'B4Fca] ca] ¢
a] cal cal cal ealcal cal cal o2l gal cal opl cel ealeal azleal ool pel salealeal gali kid 11

PSSSUUXXX~ |
| ] ca] ca] AP ERre f Leglsaloal sal calcaal ol sakenlaal ) sakerl sakeale el ca

, AL el | wmhef¥]gal ]af &l ¢l ﬁa%} €8] cahGial £ad %3&1991]11‘{@1 %%%%%P%L%@L%h@a] caj ca

] ca] ca] cal cal ca] calca] ca] cd] caJca]cal ca JSci K'S

f 100& V100 .
io 10%&( % : Zég%’@l:%gj&ﬂf?%@s ()to@ 18 (e 1QURpe-t10% Ehin gt 1dFelellric
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,-109& ()-3% 109& ()-M @10% ()-s!10% ()-* R oP./!*@ 10%C& ()-*@
109G& ()-! @109 ()- @ 109%G& ()-!1 @10983& ()- !l @ 109%6G& ()-° 10

J- @*@10% 109%Z& ()- 109&Z& ()-3 !'l- 10%p.p& ()-4 |- 10%& ()-4 10G 10G
10G=109%G& () - JvaVK@ * @ 10% 10Z 10Z 10Z=10%& ()-, @ 109%Z& ()- *109%& ()-f#@
109@& () -s! - 100/&'()-N<6}"<VK@*@!'@100/&5G&'()-I'@100/&5&'()4!- 10%: () - @

109G& ()- @1 109%00% ()-'1 1096& ()- !'-\=1*@! Fo@ 109G& ()-:!1 @

10%=& ()-'f@ll@‘%(@%&n(s)ltb@&%/@f(% é@&éﬁ@cl@@réﬁ%@%é&s&ﬁ@&a&rb*@"
109@2& ()-!1S 109%°bPb& ()-11S 1092Z& ()-1S 109%Z& ()- 10G

wave of an airplane, whereby together with the point-blank
passing time of the airplane, data on the azimuth angle and
elevation angle with respect to the spatial position of the
alrplane at that time aswell as the flight travelingdirection
thereof canbemeasured. Thismeasurement canbeeconomically
and effectively performed mainly for measuring airplanes
flying along a prescribed air route.

Further, the time for measuring an airplane model
identifying signal obtained by receiving a transponder
response signal transmitted from the airplane and the
respective data obtained by flight altitude measurement and
sound noise measurement is tailored to coincide with the
measurement of the above described point-blank passing time
obtained by receiving the terrain clearance measuring radio
wave. Thereby, reliability of various measurements on
individual airplanes can be increased, and particularly
selectingofairplane~-producedsoundnoise fromthe soundnoise
can be very accurately and easily performed.

Inthiscase, thereceivingpoint for theterrainclearance
measuring radio wave, the receiving point for the transponder
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 aredistributed 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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arrangedatrequlredp031tlonsbetweenthep01nt blankpassing
time-measuringpoints, and furthermore a transponder response
signal-receiving point is provided at an arbitrary spots. In
this manner, the data measured at those spots are collected
to a central aggregation office, thereby permitting accurate
and easy measurement of the flight conditions, flight courses
and the like of airplanes and the situations of distribution
of sound noise produced over a given area by the airplanes.
In the present invention, the changes in electric field
intensity level of the terrain clearance measuring radio wave
obtained by the directly-upward-directional antenna shows
intensity change starting tobe received 5 to 10 seconds before
the point-blank passing time of airplanes and abruptly rising
about 2 to 3 seconds before the passing time, wherein the
alrplane 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.
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placement of six polarization antennas according to a first
embodiment;

Fig. 2 is a side view for showing the placement of the
four polarization antennas taken along a line x-x of Fig. 1;

Fig. 3 1s a side view for showing the placement of the
three polarization antennas taken along a line y-y of Fig.
1;

Fig. 4 is a block diagram for showing an electric field
intensity-measuringcircuit foraterrainclearancemeasuring
radio wave;

Fig. 5 is a display diagram for showing a printout of
data input and recorded to computer;

Fig. 6isadirectivitycharacteristicoftwopolarization

antennasofal/2dipole typewhichare combined tobe orthogonal

to each other;
Fig. 7isadirectivitycharacteristicoftwopolarization

antennas of a A/2 dipole type which are combined to form 30°

between their directivity axes;

Fig. 8 is a display diagram for showing the position and
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 1s 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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Fig. 11 is a display diagram for showing changes in
electric field intensity levels of the terrain clearance
measuring radio wave and transponder response signal radio
wave of an airplane when both waves are received at the same
time; and
Fig. 12 isadisplaydiagramsimilar to Fig. 11 for showing

the case of changed measuring points.

Description of symbols
A, B, C, D, E, F: Polarization antenna
P: Element axis
H: Flight altitude
M: Point-blank position
O: Point-blank passing time-measuring point
S: Sound noise-measuring point
R: Prescribed air route

Z: End of runway

Best Aspect for Carrying Cut the Invention
Aspect 1

A six channel type of receiving device is fixedly mounted
on the upper end of a 2 mhigh column provided at a spot located
about 5 km away in the direction of north from the north end
of the runway of Narita airport, wherein the receiving device

has six polarization antennas combined according to the
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conditions shown in Fig. 1 for receiving the terrain clearance
measuring radio wave of an airplane. Also, an antenna for
receiving the transponder response signal radiowave ismounted
onthe sideof the column. Changes inelectricfieldintensity
levels of the radio waves are input and recorded to a computer
viaacircuit showninablockdiagramofFig. 4by therespective
antenna-received signals.

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
whichantennaistoreceivea 4 GHzband 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 a vertical axis indicatingelectric 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 obtained by receivinga terrain
clearancemeasuring radiowave emitted froman airplane flying
through the overhead sky above ameasuringpoint, andthe flight
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°0or341°, indicating
that theairplaneis locatedineitherdirectionof 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>F at 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



109& ()-1)078; Bl eF+Cq 109 (q 109 ()-1q 109 ()-1q 109 ()- 1#3A q

109& ()-1q 109 ()- 11 PQT[ bi eF+Cq 109& (q 109%& ()-1q 109%& ()-1q 109%& () - 1q
109& ()-1#3A q 109 ()-1ij m {eA+Cq 10%#3A q 10%& ()-1q 109& () - 1q

109& ()-1q 109& ()- 1#3A dJ+Cq 109 ()-1q 109 ()-1#3A q 109% () - 1q

3 seconds before the point-blank passing time and as F s E
> C > D about 3 seconds after the point-blank passing time,
it canbe known that theairplane passed through thepoint-blank
position from northwest and then flied toward in the direction
of east-southeast. Also, theintensityratiobetween thepeak
value 820 of A at the point-blank passing time and the output
value 1180 of the antenna k at that time is 0.695, and therefore
it can be known from Table 2 that the elevation angle with
respect to the alrplane 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



109&' ()-1q 109 ()-1q 10% ()-1leF+Cq 10% (q 10%&' ()-1q 109%& ()- 1q
109&' ()- 1#3A q 10%& ()-1q 109%& ()- leF+Cq 109%& (q 10%& ()-1q 10%& ()- 1q
109 ()-1q 109 ()- 1#3A q 109 ()- 1eA+Cq 10%#3A q 109 ()-1q 109% () - 1q
109& ()-1q 109& ()-1#3A #dJ+Cq 109%& () - 1q

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 themeasuring points Ol to 04 anddistances between
the measuring points, an average horizontal speed of an
alrplane canbe calculated. Further, thepoint-blank passing
time at each soundnoise~measuringpcint alsocanbe accurately
estimated based on a distance between a measuring point 0 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
alrplane-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.
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In this example, each space distance of the runway end
Z~01~02~03~04154087m, 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
Ol 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, whenchanges inelectric
field intensity level of a terrain clearance measuring radio
wave emitted in the aeronautical area isreceivedbyareceiving
antenna having directivity directed in the directly-upward
directionof thespotandistheninputandrecordedtoacomputer,
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 alirplane 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 the 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
thedirectionof west from the sky directly above the measuring
point, and the airplane models, flight directions, and flight
altitudes can be estimated from the shapes and sizes of the
alrplane 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
alrplane, and inputtingandrecordingchangesinelectricfield
intensity level of the radio wave, and using the time when
apeakvalueof thechanges isproduced. Therefore, ascompared
with a conventional method based on the measured value of sound
noiseandthevalueofelectricfield intensityofatransponder
response signal radio wave, more accurate and reliable
measurement can be performed. Particularly, in the case of
high flight frequencywheremeasurement by the prior 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.

Basedon this accuratemeasurement of point-blankpassing
time, it is possible to recognize flight conditions of an
alrplane 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 soundnoise-measuringpoints between

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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Table 1
Angle | Antenna al Antenna a2 a;:a,

0 1.0000 0.0000

2 0.9991 0.0274 36.4393
4 0.9964 0.0549 18.1654

6 0.9920 0.0823 12.0502

8 0.9858 0.1098 8.9751
10 0.9779 0.1374 7.1164
12 0.9683 0.1651 5.8662
14 0.9571 0.1928 4.9642
16 0.5443 0.2206 4.2801
18 0.9300 0.2485 3.7418
20 0.9143 0.2766 3.3058
22 0.8971 0.3047 2.9447
24 0.8787 0.3329 2.6399
26 0.8591 0.3611 2.3789
28 0.8383 0.3894 2.1526
30 0.8165 0.4178 1.9543
32 0.7937 0.4462 1.7790
34 0.7700 0.4745 1.6229
36 0.7456 0.5028 1.4830
38 0.7204 0.5309 1.3569
40 0.6946 0.5589 1.2428
42 0.6683 0.5867 1.1390
44 0.6415 0.6143 1.0443
46 0.6143 0.6415 0.9576
48 0.5867 0.6683 0.8780
50 0.5589 0.6946 0.8046
52 0.53009 0.7204 0.7370
54 0.5028 0.7456 0.6743
56 0.4745 0.7700 0.6162
58 0.4462 0.7937 0.5621
60 0.4178 0.8165 0.5117
62 0.3894 0.8383 0.4646
64 0.3611 0.8591 0.4204
606 0.3329 0.8787 0.3788
68 0.3047 0.8971 0.3396
70 0.2766 0.9143 0.3025
72 0.2485 0.9300 0.2673
74 0.2206 0.9443 0.2336
76 0.1928 0.9571 0.2014
78 0.1651 0.9683 0.1705
80 0.1374 0.9779 0.1405
82 0.1098 0.9858 0.1114
84 0.0823 0.9%20 0.0830
86 0.0549 0.9964 0.0551
88 0.0274 0.9991 0.0274
90 0.0000 1.0000 0.0000
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Table 2
Angle | Antenna al Antenna a2 ai:a,

0 1.0000 0.8165 1.2247
2 0.9991 0.8383 1.1918

4 0.9964 0.8591 1.1599

6 0.9920 0.8787 1.1289

8 0.9858 0.8971 1.0989
10 0.977¢% 0.9143 1.0695
12 0.9683 0.9300 1.0412
14 0.9571 0.9443 1.0135
16 0.9443 0.9571 0.9866
18 0.9300 0.9683 0.9605
20 0.9143 0.9779 0.9349
22 0.8971 0.9858 0.9101
24 0.8787 0.9920 0.8858
26 0.8591 0.99%9c4 0.8622
28 0.8383 0.9991 0.8391
30 0.8165 1.0000 0.8165
32 0.7937 0.9991 0.7944
34 0.7700 0.9964 0.7728
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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CLAIMS

1. A method for measuring the point-blank passing time of
anairplane, characterizedbycontinuouslyreceivingaterrain
clearancemeasuring radiowave downwardlydirectedandemitted
from the airplane flying through the overhead sky at one spot
on the ground, and inputtingand recording 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 claim 1, wherein the reception
of the terrain clearance measuring radio wave is performed
by an antenna which 1s horizontally non-directional and
directly-upward directional.

3. The method for measuring the point-blank passing time
of an airplane according to claim1l, 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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the element axes conformed to the element axis of one of said
directly-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 spreadout toward the overhead sky so as to divide
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 and emitted fromsaidairplane 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
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electric 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 each of a plurality of spots scattered and
distributed on the ground plane, wherein the point-blank
passing time of sald 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 cverhead 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/ornoisedatacbtainedat the samepointoradifferent

point at the same time.
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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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