Al RPG'?_FSURFACE TRAFFI C CONTROL SYSTEM BACKGROUND OF THE | NVENTI ON 5
Field of the Invention The present invention relates to an aifport surface
traffi‘e control system which controls airplanes and grour‘(lﬂb"eé]? ith.
move on the airport surface. Description df the Prior Art 10 | G
18, for exanple, is a functional block diagramof an Airport Surface

Det ecti on Equi prent ( abbreviated as ASDE hereinafter) shown in M tsubishi

Denki G ho VOL.51, NO 10, ARRPORTISURIZSCE QRAFRIC OONTROLBYSTEM! system
conprises a radar antenna 1 which detects airplanes and vehicles on the
airport surface, a transmtter 2 which transmts radio waves, a receiver 3

whi ch receives radi o waves 15 ' gl'?ﬁ-fﬁ% hlt_: a scan
converter 4 which converts a rec%ApéflﬂosﬁEjs[ﬁ&aﬁa(Pﬁ a po Ig-pd():%ordi nate into a
raster scan and outputs it as a television signal, a high intensity display

5 which displays a television signal in a high intensity, a circulator 7
whi ch swit ¢hes dbicldaftheloventione 8 and a transmi ssion wave 9.

The present invention relates to an airport surface traffic control system which

controls airplanes and ground vehicles which move on the airport surface.

10 FIG. 18, for example, is a functional block diagram of an Airport Surface
Detection Equipment ¢ abbreviated as ASDE hereinafter) shown in Mitsubishi Denki
Giho VOL.51, NO.10, PP 653 to 656, October 1977. The prior system comprises a
radar antenna 1 which detects airplanes and vehicles on the airport surface, a
transmitter 2 which transmits radio waves, a receiver 3 which receives radio waves

15 emitted by transmitter 2, a scan converter 4 which converts a reception signal of a
polar coordinate into a raster scan and outputs it as a television signél, a high ihtensity
display 5 which displays a television signal in a high intensity, a circulator 7 which
switches a reception wave 8 and a transmission wave 9.

An operation is explained here. A radar antenna 1 emits an electric wave

20 transmitted by transmitter 2 to an airport surface. Receiver 3 receives radar echoes
reflected from airplanes and so on which are moving‘on the -éirp(;tt surface. A
reception signals 10 of a polar coordinate which are received by receiver 3, is -
converted to a raster scan from a polar coordinate by scan converter 4 and is outputted
as TV signal 11 to high intensity display 5 which displays TV picture. High iﬁtcnsity

25 display 5 displays radar echoes of aixplénes and so on an analog multi-function
display. | |

Since a conventional ASDE is constituted as described ébove, it is possible to

display radar echoes of airplanes on analog multi-function display. But it does not
have a function to detect targets automatically or to add ID codes. Air traffic

. 30 controllers are therefore required to control airplanes by collating a shadow of



An opegation is explained here. A radar antenna 1 emts an electric wave 20
transmtted by transmtter 2 to an airport surface. Receiver 3 receives
radar echoes reflected fromairplanes and so on which are noving on the
airpori surface. A reception signals 10 & a polar coordi nate which are
received by receiver 3, is converted to a raster scan from a pol ar
coordi nate by scan converter 4 and is outputted as TV signal 11 to high
intensity di spl ayirflaNdididplayid Bh %ﬁmﬁ{x& 61 HisBlay Wi8ND Buedwhick n%g have

di splay 5 displays radar "eChoes of airplanes and so on an anal o

mul ti-function dmeplomized.Si nce a conventional ASDE is constituted as
descri bed above, it is possjble to display radar echges of airplanes on
anal og nul ti-functi on IS apehiget ofthe presegbiavention teyselue thepmphlem sentionedabava
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5 codes. Duties of air traffic controllers are thus reduced and the safety of an aviation
control is more assured.
SUMMARY OF THE INVENTION
10 According to one aspect of the invention, an airport surface traffic control

system comprises an airport surface detection radar for detecting targets moving in an
airport; a first target detector for outputting location information of targets by
calculating target location obtained from a signal outputted from the airport surface
detection radar; a first monitoring radar for detecting targets in air area around airport;

15 a second monitoring radar for receiving response signals from the targets; a second

| target detector for outputing location information of targets and beacon code

information in response to target location information from the first monitoring radar
and signals from the second monitoring radar; a flight schedule information processor
for outputting flight schedule information of airplanes; an ID (identification) code

20 addition apparatus for determining targets and their locations in rcsﬁonse to location
information outputted from the first and the second target detectors, adding ID code
according to the beacon code information and the flight schedule information, and
outputting location information and ID codes of targets as display data; a display
apparatus for indicating locations of targets moving on the airport surface and symbols

25 and ID codes corresponding to the targets in response to display data signals from the
ID code addition apparatué. '

According to another aspect of the invention, an airport surface traffic control

system comprises a GPS transmitter carried on target airplanes for trénsmitting
location information and ID code information o'f the targets which are calculated in

30 response (o signals received from the GPS satellite; a third target detector for receiving



ai rpl anes displayed on a multi-function display with I D codes which they
have' menorized. It is an object of the present invention to solve the
probl em nmenti oned above by autonmatically detecting airplanes noving on an

ai rport surface and adding ID 5 codes. Duties of air traffic
controllers are thus reduced and the safety of an aviation control is nore
assured. SUVMARY OF THE | NVENTI ON 10 'Accordi ng to one aspect of

the invention, an.airport surf traf ont te

ai rport surfaceOFio8 Oﬁat}og@gaiﬁ(‘ff’d% O&Ftaf t{ §¥§o%§\yl% Sﬂﬁﬁgﬁafg‘?r port:
a first target @gRb8mbOind cipudiigsa mfgfatio@mhseﬁusﬁﬂmmlmnﬂiudnawﬁtm by
cal cul ating target | ocation obt al ne roma signal outputted fromthe

?l rpo[t surfacecmﬂetaddrtloma%pamlwa; whare, thessystemrdetepmines targetsandstheir loeatiops i ng
argets in air area.aroynd.airport . a Seco ni ri fo
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oring radar
outputs location mformatlon and ID codes of the targets as display data.

According to further aspect of the invention, an airport surface traffic control
system comprises an optical sensor for detecting areas where the airport surface
detection radar can not detect; a fourth target detector for outputting location

10 information of targets to the ID code addition apparatus according to said optical

. sensor; where, the system determines targets and their locations according to location
information of the first and the fourth target detectors.

According to further aspect of the invention, an airport surface traffic control
system éomprisés a collision forecasting apparatus for calculating possibility of future

15 collision accofding to location change of the targets obtained from display data which
are displayed on the ID code adding apparatus, and outputting a collision warning
signal to the multi-function display when there is a risk of a collision; where, the
system forecasts collision warning according to the collision forecasting warning
signal.

20 According to further aspect of the invention, an airport surface traffic control
system comprises at least three SSR mode-S (S indicates a type of modes) receivers
for receiving SSR mode-S responses from the targets which are taking off and
outputting reception ;igxlals; a location determination apparatus for determining
location of targets according to reception signals from SSR mode-S receivers, and

25 outputing location information and beaooﬁ code information of the targets to ID code

. addition apparatus; where, the system determines targets and their locations according
to location information and the first target detector, and adds ID codes according to

said beacon code information from the location determination apparatus.

30 BRIEF DESCRIPTION OF THE DRAWINGS



and signals fromthe second nonitoring radar; a flight schedule information
processor for outputting flight schedule information of airplanes; an ID
(identification) code 20 addi ti on apparatus for determ ning targets
and their locations in response to location information outputted fromthe
first and the second target detectors, adding ID code according to the
beacon code information and the flight schedule information, and outputting
| ocation information and I D codes of targets as display data; a display
apparat us for indi catFi® 1 isedunaiosaldlockaliagedrs whish shgwsrantembodimepoofithe ur f ace
and synbol s 25 and |1 D, codes corresponding to the targets in response to
di spl ay data signals TeBHAhe | D code addition apparatus. According to

anot her aspect of thegifveitl ' : g@jéﬁn' ; tem
conprises a GPS transﬂ(’é‘.@@dg&ﬁg@ﬁcsghﬁﬁg\?ggﬁ gé%‘?%?éﬁgs oremtcdfP E{ﬁsﬁﬁﬁﬁg :

| ocation information BIG, 3 {3 sa6WS planfvaiicipéiows Dielatibashin of eirgetsdridcin reception
cal culated in 30 response to signals received fromthe GPS satellite; a
third target detsgnapf swembatimentiofghe invention. '

FIG. 4 shows a process chart which shows an embodiment of the invention.

FIG. 5 is shows plan which shows an embodiment of the invention.
FIG. 6 is a functional block diagram which shows another embodiment of the
10 invention. |
FIG. 7 is shows plan which shows a relationghip of targets and an reception
signal of another embodiment of the invention. _
FIG. 8 shows a process chart which shows another embodiment of the
. invention. '
15 FIG. 9 is a diagram which shows a blind area of another embodiment of the
invention.
FIG. 10 is a functional block diagram which shows another embodiment of
-the invention.
FIG. 11 shows a process chart which shows another embodiment of the
20 invention.
FIG. 12 shows a process chart which shows another embodiment of the
invention. -
FIG. 13 is a functional block diagram which shows another embodiment of
the invention.
25 FIG. 14 shows a process chart which shows another embodiment of the
invention.
FIG. 15 is a functional block diagram which shows another embodiment of
the invention. '
FIG. 16 shows a process chart which shows another embodiment of the

30 invention.



3 location information and I D code information of targets from GPS
transiitter and decoding, and outputting said target |ocations and said ID
code information to the I D code addition apparatus; where, the system
detergines targets and their | ocations ascording to |location information of
the first and the third target detectors, adds ID 5 codes according to

sai d code informatiopyreee j @f&ﬁﬁédﬂ nRBfpeut put s
| ocation informti on%éﬁd??g(coﬁgeéwgk&[kﬁ%ﬂp)ggége%hgagghgﬁsp ay aqE a. According
to further aspegiveafion.he i nvention, an airport surface traffic control

system conpri ses an gﬁtical_- sensor for detecting areas where the airport
surface detection raddf.d8is abmcienabblock diagramy which shejes a genventiosal f or

outputting | ocatirrﬁnd.lo information of targets to the I D code addition
appar at us accor & ﬁlflbeng’ai d optical sensor; where, the system determ nes
targets ang their locations according to |ocation information of the first
and the fourth target detectors. According to further aspect of the

i nvention, an air port DENATEER DESCRIPFIQNQF THE PREFERRED EMBODIMENTS

In an airport surface traffic control system of the invention, the first target
detector calculates target location from a reception signal of an airport surface detection

10 radar and outputs a location information of targets, the second target detector outputs a
location information and beacon code information of targets in response to target
location information from the first monitoring radar and reception signals from the
second monitoring radar. An ID code addition apparatus determines t:«irgets and their
locations obtained in response to location information outputted from the first and the

15 second target detectors, adds ID code according to the beacon code information and

| the flight schedule information, and outputs location information and ID codes of
targeis as display data, A display apparatus displays symbols and ID codes
corresponding to targets and their locations which are moving on the airport surface in
response to display data signals.

20 A Global Positioning System transmitter which is carried on target airplanes
transmits a location information and ID codes information of targets calculated from
feception signals from a Global Positioning System satellite, a th:rd target detector
receives target location and ID codes information to decode and outputs them to the ID .
code addition apparatus. The system determines targets and their locations according

25 to location information of the first and the third target detectors, adds ID codes
according to said code information received from the third target ;ietcc'tor, and outputs
location information and ID oodcs. of the targets as display data.

An optical sensor detects areas where the airport surface detection radar can
not detect, a fourth target detector oufputs location information of targets to the ID

30 code addition apparatus according to said optical sensor. The system determines



system conprises a collision forecasting apparatus for cal culating
possibility of future 15 collision according to |ocation change of the
targets obtained fromdisplay data which are di splayed on the I D code
addi ng apparatus, and outputting a colli&i on warning signal to the

mul ti-function display when there is a risk of a collision; where, the
system forecasts collision warning according to the collision forecasting

warni ng signal . getsan t]heirlocatﬁﬁﬁ% Eﬂo&ﬂfoﬁﬁﬂﬁnﬁﬁ%@ﬁfﬂ%‘cfk& ditl‘ibvfég%hon’

! réid
an airport surfacé traffic contro srys§em conpri ses east three
node- S (S i ndi cadrge detettppee of nodes) receivers for receiving SSR node-S
responses fromthe targets whi ch are taking off and outputting reception

signals; a location dbeelisiomforecastingnparratug npuisa display data frag IDs0de addition
: t o . ! . SoR. ' e
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to I D codesaddi tthe@rpaiibtaiiedTionyBisplay dhth vhioksdre Hisplay &l o the $D cadegfidingand
their locations according to |location information and the first target

detector, and acgpamscndestputscoeallision warning sigriabtothemubfnrtignadisplay wher r om

the | ocation determ nati,o %%Harat us. -
there is a risk of aCollision.

At least three SSR mode-S receivers receive SSR mode-S responses from the
targets which are taking off. A location determination apparatus determines location
10 of targets according to reception signals from SSR mode-S receivers, and outputs
location information and beacon code information of the targets to ID code addition
apparatus. The system determines targets and their locations according to location
information and the first target detector, and adds ID codes according to said beacon
code information from the location determination apparatus.

15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiment 1
An embodiment of the present invention is explained below using FIG. 1.
20 FIG. 1 is a functional block diagram of an airport surface traffic control system in an

embodiment of the present invention. _
In FIG. 1, the system comprises a first ASDE target detector 12 which detects

targets by judging a continuity of radar echoes in an azimuth and a distance direction
using reception signals 10 of ASDE, an ID code addition apparatus 13 which adds ID
25 codes such as call sign to ASDE detection target, a multi-function display 14 which
indicates airplanes moving on an airport surface. The system further comprises an
ASR/SSR 17 constituting an Airport Surveillance Radar ( ASR) which controls an
arrival and a departure of the airplane which are in outskirts air area of the airport
according to radar echoes, and a Secondary Surveillance Radar (SSR) which transmits

30 code pulses to the airplanes from an interrogator on the ground and receives and



30 BRI EF DESCRI PTI ON OF THE DRAW NGS 4 FIG 1is a
functi onal bl ock di agram whi ch shows an enbodi nent of the invention. FIG 2
shows- a process chart which shows an enbodi nent of the invention. 5 _
FIG -3 is shows plan which shows a rel at/i onship of targets and an reception
signal of an enbodinment of the invention. FIG 4 shows a process chart

whi ch shows an gelpdi | el heS .ch
shows an enbodi nent o%ﬁ?{tﬁec%%/@% %s&ﬁ&%klgbnégll@n sgg ?{lf%é'? P‘g\r%PBhﬁ)}gigﬂﬁ agram
whi ch shows anotfassmittedmdiespmse wfthe bwled Pulse traisnsined Hom the terrbgatdr,ahows pl an
whi ch shows a rel ationship of targets and an reception

ASR/SSR target detector 18 as a second target detector which detects targets from the

outputted radar echo of ASR/SSR, a Flight _Data Processor 21 (FDP) which stores

5 database containing a flight route and a flight' name of airplanes. The elements having -

the same reference numbers in FIG. 1 as those of FIG. 18 are the same portions or the

corresponding portions. Accordingly the detailed explanation of the same portions is

omitted. _

Principle of operation is explained using FIGs. 1, 2 and 3. A pulse of sub-
10 millimeter wave which is emitted by the transmitter 2 via the radio antenna 1 hits

buildings, airplanes or vehicles in the airport and each return pulse is converted to

reception power by a receiver 3 via the radio antenna 1 and is outputted as a reception

signal 10.
The radio antenna 1 emits a pulse of sub-millimeter wave to all 360° azimuth
15 directions and obtains reception signals having many pulse repetition periods from all
azimuth directions. ‘ |
The reception signal 10 is thus constituted of two-dimensional signals of - .
distance and azimuth. ASDE target detector 12 detects the airplanes is automatically
"in response to a magnitude of reception signals from reception signal 10 and
20 magnitude of distance direction and azimuth direction' according to processes shown in
FIG. 2. |
Aﬁmgnitude detection process of step S10 in FIG. 2 deteds peaks of
magnitude as targets, a size determination process of step S11 determines targets by
comparing magnitudes of distance direction and azimuth direction.with given data and
25 target location determination process of step 12S determines targets by calculating
central locations of each targets.
FIG. 3 (a) ~(d) éhow a relationship of airplane targets and reception signal.
FIG. 3 (a), (b) show peak power of radar echo magnitude and FIG. 3 (b), (d) show

location of a target airplane.

.30 ASR/SSR 17 receives radar echoes or response signals from airplénes which



si gnal ; of anot her enbodi nent of the invention. FIG 8 shows a process chart
whi ch shows anot her enbodi nent of the invention. 15 FIG 9is a
di agram whi ch shows a blind area of another enbodi nent of the invention.
FIG 30 is a functional block di agram whch shows anot her enbodi nent of the
invention. FIG 11 shows a process chart which shows anot her enbodi nent  of

the 20 i nvention. .FIG '12'd§FOWS a process chart which shows anot her
embodi ment of -t FE PRV Bpundrheairpost, and qutpyis Feception sighale k ASRABIR e ch

o ocese chart wheeRCLRONacand il BAERS PHlch et tarpets from He wptfod HPechl
of ASR/SSR 18 outputs an information signal of location of airplanes and beacon
code according to the reception signal from ASR/SSR 17. FDP 21 stores a database

5 regarding flight routes and flight names of airplanes and outputs data signals of flight
plans.

ASDE target detector 12 is able to detect targets within about three nautical
miles from the airport and ASR/SSR target detector 18 is able to detect targets within
about 70 nautical miles from the airport and an ASR/SSR target detector 18 detects

10 information, of airplanes at departure and arrival.

An operation of ID code addition apparatus 13 is explained using a process
chart of FIG. 4. Since ASR/SSR and ASDE are different kinds of radars; an ASDE
target input process of step 20 and an ASR/SSR target input process of step 21 have
asyﬂchronized timing for their respective data inputs. And resolutions of target

15 location inputs are also different. Therefore, two inputs (ASR/SSR and ASDE) are
coordinated in the processes 20 and 21.

Next, in a location correlation process of step S22 coordinates respective
targets detected by different radars by modifying a resolution and timing of different
radars. Alanding airplanes emit beacon from their transponder in response to an

20 inqui_ry signals from SSR until just before entering an airport vicinity. The airplanes
then stop emitting beacon right after they enter into ASDE c;dvcr area and they can no

" longer detect SSR signal. Therefore, overlapping areas of ASR/SSR and ASDE are

arranged to determine locations of the airplanes in ASDE cover area using location
correlation between airplanes and then beacon codes are transferred. In concretely

25 speaking, since error areas obtained from a resolution of ASR/SSR target detection
and error areas obtained from a resolution of ASDE target detection are different from
each other, locations of the targets are determined by taking correlation as a same
targets which are within a predetermined area even if centers of targets obtained by the

two kinds of radars do not match each other. In a tracking process of step S23,



FIG 15 is a functional block diagram which shows another enbodi ment of the
I nvention. FIG 16 shows a process chart whi.ch shows anot her enbodi nent of
the 30 “invention. 5 FIG 17 shows a process chart which shows anot her
enbodiinent of the invention. FIG 18 is a functional bl ock diagram which
shows a conventional embodi nent. 5 DETAILES DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS In an airport surface traffic control system of the invention,

the first targefacking filters such as -8 filter and Kalman filter track targets of which correlation

process of location have been finished.

An ID code addition process of step S24 collates beacon codes memorized in a

flight plan received from FDP 21 with airplane targets, which have carried out the |
5 location correlation and transferred beacon codes, and then add a flight number and so
on. _

Location information and ID code information of the airplane identified by ID
code addition process of step S24 are encoded by display data encoding process of
step S25, and are outputted as display data 16. |

10 Display data 16 outputted from ID code addition apparatus 13 is inputted to the
multi-function display 14. A target which is graphically symbolized by a drawing
application software capable of multi-window display is then digitally displayed
together with ID code. An example of this display is shown in FIG. 5.

As desciibed above, according to the embodiment of the present invention, the

15 targets are automatically detected, the ID codes are automatically added. Then, targets

| _ are symbolized so that they are digitally displayéd on the multi-function display as
well as the ID codes, which makes the display screen easy to be seen. The duties of

the air traffic controllers are reduced as a result and airport safety is more assured.

20 Embodiment 2
In the first embodiment, a system is shown, which automatically detects
airplanes which_hav; just landed and adds ID codes. As shown in FIG. 6, another
embodiment can also add ID numbers to veilicles moving on the airport surface by
connecting a vehicle target detector 23 and a GPS transmitter 24 carried on vehicles to
25 the systems.
| The second embodiment is explained below usix'1g figures. FIG.6isa
functional block diagram of a second embodiment showing a traffic system on an
airport surface. The system comprises a GPS transmitter 24 carried in vehicles which

transmits self location and ID codes. The system further comprises a vehicle target



detector calculates target location froma reception signal of an airport
surface detection 10 radar and outputs a location information of
targets, the second target detector outputs a location information and
beacort code information of targets in resppnse to target |ocation
information fromthe first nonitoring radar and reception signals fromthe
second nonitoring radar. An ID code addition apparatus determ nes targets
and their |ocati | | ' ' r L tied
rom the first acdis e e ¥iind Brkd UBBASRAubn HAERs B4 dolbcy {Wieh elbdild
accordi ng to thelbeadesfronpa GRSasmitier ivadedioh vdhécled. i THetelendnetaving the same
i nformation, and qutputs |location information and | D codes of targets as
di spl ay data. A EfppegyumbsesiahilS. Gias fhosg ef ElGriloars thersame porisae or the

corresponding to t hei ocat.i ons i ¢ch are. .noyj on th .
airport surface Fé\'?érsggl?)(glﬁggg?%gglé éé/\inﬁlét eés%ﬁé%‘ﬁ o of t.rlljgsame p%ﬁei’solﬁal
Posi ti oni ngs Syst eidddansm tter which is carried on target airplanes

transmits a location information and I D codes information of targets
cal cul at ed from r eceptAnopesitignad explaimaduaing FiGalb aRd FIGi 8ni Rafatgchibeswof vehicles

satellite, ‘a third target .detector receiy target location and,| D.codes
i nformation to déwa@agwlmam%‘?@%@%m%gﬂmf laztasmagmtudes of

reception signal 10. But, unlike airplanes which fly according to a flight plan,

vehicles do not receive ID codes information via flight plan signal 22 outputted from
10 FDP 21. In order to add ID numbers to vehicles, as shown in FIG. 6, GPS receivers
| carried in vehicles calculate their locations using time of radio waves emitted from
GPS satellite by means of principle of trigonometrical survey. Vehicle locations are
then assigned to the vehicles in the airport. GSP transmitter 24 transmits them both as
a radio wave 26 including vehicle locations énd vehicle numbers. A vehicle location
15 detector 23 receives radio wave 26 including vehicle locations and vehicle numbers
and decodes them and outputs them as communication radio information 25 including
vehicle locations and vehicle numbers to ID code addition apparatus 13.
ID code adding apparatus 13 collates radar echoes from a vehicle which are
detected by ASDE target detector with their locations, and outputs vehicle locations
20 and vehicle numbers to the multi-function display apparatus 14 as display data 16 as
described in the first embodiment. To put it more concretely, as shown in a process
. chart of FIG. 8, a vehicle target input process of step S30 éoordinates an ASDE target
input of step S20 with an ASR/SSR target inpuf of step S21, as described in the first
embodiment.
23 Next, in a location correlation process of step S22, since there are location
error areas obtained by vehicle tafget detector 23 and location error areas obtained by
ASDE target detector 12, a location correlation is calculated to identify targets to be the
same location in consideration of errors, if centers of targets do not accord but are
within a predetermined area. In tracking process of step $23, a tracking filter tracks

30 targets of which correlation process of location has been finished. 1D code addition



code addition apparatus. The systemdeternines targets and their |ocations
according 25 to location information of the first and the third target
detectors, adds ID codes according to said code informati.on received from
the third target detector, and outputs |dktation information and |ID codes of
the targets as display data. An optical sensor detects areas where the
airport surface detection radar can not detect, a fourth target detector
out put s | ocat i oprdcessafistepiS24 adfls IRcortes o0 4 wehiele. | D 30 code addition

R R et
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fromdispl ?y dats?m\{)wgli bcyha grgghig Llfa&iﬁé’.e%hf :botvg %rclclé)sscig g)?plgigg& \?fﬂh regard to |
vehicles, but the process with regard to airplanes is the same as that of the first
embodiment.
As described above, even if vehicles do not have ID code information
allocated by a flight schedule information processor, they can be automatically
10 - detected, and ID codes are also automatically allocated to them. Therefore, the duties
of the air traffic controllers are reduced as a resulf and airport safety is more assured.
In the present embodiment, a vehicle target detector and GPS transmitter
carried in the vehicles are connected to the construction of the first embodiment, and

ID numbers are added to vehicles moving on an airport surface. But the embodiment

. 15 can also be applied to other moving object other than vehicles.

Embodiment 3
The above second embodiment describes a system which automatically detects
airplaneé and vehicles and adds ID codes to them. However, as showr_l in FIG. 9,
20 ASDE may cause blind areas 51 and 52 where radio waves of radar antenna 1 are
blocked by buildings 50 and so on. As shown in FIG. 10, it is possible to monitor an
entire airport surface by connecting an optical sensor 27 and a blind target Qetéctor 29.
It also has an advantage that use of thé optical sensor 27 does not interfere other radio
waves in the airport. |
25 The invention of the embodiment is explained below. FIG. 10 is a functional
block diagram showing an airport surface traffic system. The system comprises an
optical sensor 27 such as a visible camera or such as far infrarg:d camera, a blind target
detector 29 for processing picture image.
FIG. 10 and FIG. 11 arc explained below. Optical sensors 27 are equipped to

30 apron illumination towers and an airport building and so on, for cxample, which



apparafus, and outputs a collision warning signal to the nmulti-function

di splay when there is a risk of a collision. At |east three SSR node-S
receivers receive SSR node-S responses fromthe targets which are taking
off. Alocation determ nation apparatus d& ermnmines |ocation 10 of
targets according to reception signals from SSR node-S receivers, and

out puts | ocat i orménifopartad where HBEbMEHIRARPEBDE rddaf Atéfial 10dhdWutgulraréar gets to
| D code addition apparatus. The system determi nes targets and their

| ocat i ons accor dniogmatipn asopta-dectiitsignalal wblinddargetdefecios 29 ar get  det ect or,

and adds I D codes accgrding.to sajd b on_code informati.on from.the

| ocation determ natio C}dﬁgﬂgﬂﬁ*%@ %&%Fi‘%%‘%%ﬁﬁ ﬁf%.“?ﬁﬁ.%FERRED
EVMBODI MENTS  EnbqsibeaesivhichAbcopiesipioire infifed BiEpdtichs R cHiVas tHe@itgdts to

expl ai ned below using FIG 1.7 20 FIG 17s a functional block diagram
of an airpdrt suphgitde andifafifude inforimation sf thie @irpomn, aud catgudsiiargehiocasions fxeblind

present invention. .. ..
target location signals 30 to ID code addition apparatus 13.

The concrete process of target detector 29 are shown in FIG. 11. Avideo-

quantization process of step S40 carries out A/D-conversion of an video signal
obtained from optical sensor 27. A picture recognition process of step S41 detects
10 luminance changes of pixel between the present frame picture and the preceding frame
picture. Step S42 decides targets froml the luminance change of the pixel in reference
to their sizes and velocities, and outputs target locations if the pixels are assumed as
targets.
The process of ID code addition apparatus 13 is similar to that of the first
15 embodiment 1. As shown in a process chart of FIG. 12, a blind target detector 29
coordinates an ASDE target input signal of step S20 and an ASR/SSR target input
signal of step S21. _
In a location correlation process of step S22, since there are location error
areas obtained by vehicle target detector 23 and location error areas obtained by an
20 ASDE target detector 12, a location correlation is calculated to identify the targets to be
in the same location 1n consideration of errors, if ccnters-of targets do not accord but
the targets are within a predetermined area. In step S23, a tracking filter tracks targets
of which correlation process of locations have been finished, and then outputs location
information and ID codes to a multi-function display 14 in order to display symbols of
25 the targets by means of graphic drawing.
As described above, this embodiment enables to monitor entire airport surface.
It also has an advantage that use of the optical sensor 27 does not interfere other radio

waves in the airport. Thus airport safety is more assured.



In FIG 1, the systemconprises a first ASDE target detector 12 which
detects targets by judging a continuity of radar echoes in an azinuth and a
di stance direction using reception signals 10 of ASDE, an |ID code addition
apparatus 13 which adds I D 25 codes sygzh as call sign to ASDE detection
target, a nmulti-function display 14 which indicates airplanes noving on an
airport surface._The _system further conprises an ASR/ SSR 17 constituting an
Ai rport Surveil | Epbodiment 4 ( ASR) which controls an arrival and a departure:

O (1 241 LA 0 ol Aok B\ By S SR O SRR S,
codé pulses to tzh@:la%bf & 9 Eenl vehitled And &’&;ﬁaﬂe@%:ﬂmtmném Py By lding
recei ves and decodes specific code pul ses received from’a transponder
in the airplane thmm,lhsnms farecasting thpeldtusmrt@ theeoasgsruction hbthe thistenphadiment.
transm tt e% fr Onf-‘lté1 E‘13l iSafu El ugnzl;l 8{ock %nagram showing an airport surface traffic system of the
' fourth embodiment. The elements having the same reference numbers in FIG. 13 as
those of FIG. 1 are the same portions or the corresponding portions. Accordingly the
detailed explanation of the same portions is omitted.
An operation of the fourth embodiment is now explained with FIG. 14. FIG.
10 14 shows a process chart of the collision forecasting apparatus 31. A location
forecasting process of step S50 uses a tracking filter to forecast next scanning
locations of all targets displayed in one scan according to display data 16 containing
locations of airplanes from ID code addition apparatus 13. A course determination
process of step S51 forecasts future courses from the past location, velocity and
15 acceleration rate of targets. A collision forecasting process of step S52 forecasts
possibility. of future collisions from the information of step S51, and outputs a
collision warning signals if there are dangers of collision. Then, the warning is
displayed via multi-function display 14.
As described above, since a collision forecasting warning is notified to air

20 traffic controllers via multi-function display 14, airport safety is more assured.

Embodiment S
It is possible to add airplane ID codes to departing airplanes by connecting
SSR mode-S transmitter / receiver 33 and a location determination apparatus 35 to the
25 construction of the above embodiment, and detecting a location and a beacon code of
. airpianes carrying a SSR mode-S transmitter. A fifth embodiment is now explained.
FIG. 15 is a functional block diagram showing an airport surface traffic system of the
fifth embodiment. The elements having the same reference numbers in FIG. 15 as
those of FIG. 1 are the same portions or the corresponding portions. Accordingly the

30 detailed explanation of the same portions is omitted.



ASR/ SSR target detector 18 as a second target detector which detects
targets fromthe outputted radar echo of ASR/ SSR, a Flight Data Processor
21 (FDP) which stores 5 dat abase containing a flight route and a flight
nane of airplanes. The el ements having thktsame reference nunbers in FIG 1
as those of FIG 18 are the same portions or. the correspondi ng portions.
Accordingly the detail ed explanation of the sane portions is omtted.
Principle of operation_is explained using FIGs. 1, 2 and 3. A pul se of sub-
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FIG. 16, the location determination apparatus 35 decodes SSR mode-S response

signal (a response signal received from airplane carrying transponder corresponding to
SSR mode-S) at mode-S code déooding process of step S60. The location
determination apparatus 35 then determines target location by a triangle measurement
10 using a difference of arrival time 6f reception signals from SSR mode-S transmitter /
| receiver 33 which are equipped at three different places, and outputs location
information and beacon codes. '
The process of ID code addition apparatus 13 is the same as that of the first
embodiment. As shown in a process chart of FIG. 17, SSR mode-S inputting
15 process of step 61 coordinates ASDE target inpﬁt signal of step 20 and ASR/SSR
target input signal of step 21. |
Since error ranges of location obtained by a location determination appa.ratus
35 and error ranges of location obtained by ASDE target detector 12 do not exactly
match, a location correlation is calculated to identify targets to be in the same location
20 in consideration of errors, if centers of targets do not accord but the targets are within
a predetermined area. In step S23, a tracking filter tracks targets of which correlation
process of locations have been finished, and then_ outputs location information and ID
codes to a multi-function display 14 in order to display symbols of the targets by
means of graphic drawing.
25 As described above, since targets taking off is automatically detected and also

ID codes are added, duties of the air traffic controllers are reduced and airport safety is

more assured.



di stance and azinuth. ASDE target detector 12 detects the aif

automatically in response to a magnitude of reception signal § THISIAHEET HAS BEEN

reception sign magni t ude of distance directi@¢n andRER-ARED
di recti on accoﬂ“ll%nmmuﬁmuu s. shown i %1 G 2. A nagnit ud&=detectton
process of step*S1D i'n. PI G’ 2*detects peaks of magnitude as targets, a size
determ nation process of step S11 determ nes targets by conparing

magni t udes of di Whebhselamedist:i on and azi nmuth direction with given data and

25 target |ocation determination process of step 12S determ nes targets
by cal culating central |ocations of each targets. FIG. 3 (a)~(d) show a

(L aUOnShi D, Of 217 PL31e AR B RRCRN R Bl 5 (%)) () SO
target airplane. 30  anairport suff&dd detdctidn/rad&cfer d@ectingdapete alovig inbn aigspnnse
signals from airplanes which
5 a first target detector for outputting location information of targets by
calculating target location obtained from a signal outputted from the airport surface
detection radar; '
a first monitoring radar for detecting targets in air area around airport;
a second monitoring radar for receiving response signals from the targets;

10 a second target detector for outputing location information of targets and
beacon code information in response to target location information from the first
monitoring radar and signals from the second monitoririg radar;

a flight schedule information processor for outputting flight schedule
information of airplanes;

15 an ID (identification) code addition apparatus for determining targets and their
locations in response to location information outputted from the first and the second
target detectors, adding ID code according to the beacon code information and the
flight schedule information, and outputting location information and ID codes of
targets as display data; and

20 a display apparatus for indicating locations of targets moving on the airport

surface and symbols and ID codes corresponding to the targets in response to display

data signals from the ID code addition apparatus.

2. The airport surface traffic control system of claim 1, further comprising:
25 a GPS (Global Positioning System) transmitter carried on target airplanes for
transmitting location information and ID code information of the targets which are
calculated in response to signals received from the GPS satellite; and
a third target detector for receiving location information and ID code
information of targets from GPS transmitter and decoding, and outputting said target -

30 locations and said [D code information to the ID code addition apparatus;
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are in.air-area-around-the-airport, and outputs reception sign

target det target detector which detects tar {1419 SHFET hias BEEN
out puttedJMlma@ﬂgnﬂ 'SSR 18 out puts an informati-on sig f REPLACED
| ocati &n” of. drg PiL sacon code accawdi ng to the reception signar

from ASR/ SSR 17. FDP 21 stores a database 5 regarding flight routes and
flight nanmes of airpl | tputs data signals .of flight .ans.. ASDE
target detector 12 is@{al%fcéﬁ{%yggwe&ék@%@%tr%a%"t%htﬁﬂr L?ﬁ_ﬁtﬂﬂngta?ﬁog%“% rauap
mles fromthe ainfopraationofithe Bkt @Bl Heakio fargte HQ6ktfs, I[P caééseacb&d%gté%%id

targets within about 70 nautical nmiles fromthe airport and an AS
target detector ¢Sedafommationreceived fromi thertkitd targebdetedton, badenstpats ladeyior t ur e and

arrival. An operatdon.of | ode addition apparatys 13 is explained using a -
process chart of “&?[@auﬁ".‘a ?‘%Eﬂf%%ﬁ?‘&ﬂﬁaggﬁﬂaé Yagi fferent kinds of
radars, an ASDE target input process of step 20 and an ASR/ SSR target i nput
process of step 21 have asynchronized timng for their respective data

inputs. And resol uti o3s Tie airpogeiirface traffic control system of claim 2, further comprising:

* an optical sensor for detecting areas where the airport surface detection radar
can not detect; and
a fourth target detector for outputting locat_ion. information of targets to the ID
10 code addition apparatus according to $aid optical sensor;
where, the system determines targets and their locations according to location

" information of the first and the fourth target detectors.

4. The airport surface traffic control system of claim 3, further comprising:
15 a collision forecasting apparatus for calculating possibility of future collision
according to location change of the targets obtained from display data which are
displayed on the ID code adding apparatus, and outputting a collision warning signal
to the-multi~funcﬁon display when there is a risk of a collision;
where, the system forecasts collision warning according to the collision

20 forecasting warning signal.

5. The airport surface traffic control system of claim 4, further comprising:
- at least three SSR mode-S receivers for receiving SSR mode-S responses
from the targets which are taking off and outputting reception signals; and
25 a location determination apparatus for determining location of targets
according to reccptidn signals from SSR mode-S receivers, and outputing location
information and beacon code informatioh of the targets to ID code addition apparatus;
where, the system determines targets and their locations according to location
information and the first target detector, and adds ID codes according to said beacon

30 code information from the location determination apparatus.
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15 | ocation inputs are also different. Therefore, two i fpyls SHSER IHSRBEEN
and ASDE) are coordinated in the processes 20 and 21. Next, {i n a ReEpaACED
correl ation process of step S22 coordi nates respective targets= :
different radars by nodifying a resolutidh and tim ag of different radars.
A landing airplanes emt beacon fromtheir transponder in response to an 20
i nquiry signal s XTROORISSORENIE TRAFFIC CONIBOIe SYBTR¥ i ng an airport vicinity.
The airplanes then stop emtting beacon right after they enter into ASDE
cover area and they can no | onger detect SSR signal. Therefore, overlapping
areas of ASKR/ SSR and ASDE are arranged to determ ne | ocations of the

ai rplanes in ASDE cover area usi -ﬁgf@\t-i THE } et ween airpl anes
and then beacon codes are transt@%e . r@oncr%ﬁ?f%ﬂ)‘l{é speaki ng, since
error areas obtained froma resolution of ASR/ SSR target detection and
error areas obtained froma resolution of ASDE target, dgzt ection are

di fferent from each ofnairport surace smkficystemds P&Vgﬁlé“.’f&?té "d‘éi‘setf“‘r&eﬁé‘_&f’vﬁ‘ig on
bven Tt Coenters Sty et RElmal s 5 Sodls brthyfteRca e St & B2

even if centers ( arn adars do not match
each other.sln aglfackangir Bafe’DftrSifer 8hEElevated safety of an aviation control. An airport

surface traffic system comprises airport surface monitoring radars which detects

targets moving on an airport surface, ASDE target detector which detects targets by an
output signal of the airport surface monitoring radars, a second monitoring radar
which receives response signals from airplanes and from an airport monitoring radar
10 which controls airport, ASR/SSR target detector which detects targets, ID code
addition apparatus which adds an ID code to targets based on a signal from FDP
which stores flight schedule data of airplanes and a multi-function display which

displays targets.
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tracking filters such as a-[err] filter and Kalman filter track targets of
whi ch correl ati on process of |ocation have been finished. An ID code
addition process of step S24 coll ates beacon codes nenorized in a flight
pl an creceived from FDP 21 with airplane targets, which have carried out the
5 | ocation correl ati on and transferrb8beacon codes, and then add a
flight nunber and so on. Location information and I D code information of
the airplane identified hy 1D code addition process of step S24 are encoded
by di splay data encodi ng_progess of step S25, and are outputted as display
data 16. 10 Di gLa data 16 outputted fromID code addition

apparatus 13 is inputp;%g:g he multi-function display 14. A target which
l y
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is graphically synksl a drawi ng application software capabd-d of
nulti-v\/indowdispléyh digitally displayed
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together with I D code. An exanple of this display is shown in FIG .5. As
descri bed above, according to the enbodi nent of the present invention, the
15 targets are automatically detected, the I D codes are automatically
added. -Then, targets are synbolized so that they are digitally displayed on
the multi-function display as well as the2/IB codes, which nmakes the display
screen easy to be seen. The duties of the air traffic controllers are
reduced as a result and airport safety is nore assured. 20 Enbodi nent 2
In the first enbodi ment, a systemis shown, which automatically detects

ai rpl anes whi ch have just |anded and adds I D codes. As shown in FIG 6,

anot her enbodi nent can al so add I D nunberg to vehicles noving on the

ai rport surface by connecting a vehicle t rgeﬂ)detector 23 and a GPS
transmitter 24 carried on vehicles to 25 e systens. The second

enbodi ment is explai ned bel qwousing figures__ELG _6.ds.a.functional block
di agram of a second enbodi mgnt  showi ng a graffic .systemoh an airport
surface. The systen1conprig$s a i 1 caéﬂ}eb in vehicles
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transnjts self location and I D codes. The system further conprises a
vehicle target 10 detector 23 as a third target detector which receives
and detects a target locations and I D codes froma GPS transnmtter | oaded
on ‘'vehi cl es. The el enments having the sanme reference nunbers in FIG 6 as
those of FIG 1 are the sane portions or BjE correspondi ng portions.
Accordingly the detail ed explanation of the sanme portions is 5 omtted.
An operation is explained using FIG 6 and FIG 8. Radar echoes of vehicles
as well as airplanes are detected by ASDE target detector 12 as nmagnitudes
of reception signal JeECERTIONNI i ke airplanes which fly according to a

flight plan, vehicl ePOWBROt receive | © information via flight plan
signal 22 outputted from 30 FDP 21. In order to add ID nunbers to
vehi cl es, as shown in FI 6, GPS receivers
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carried in vehicles calculate their locations using tine of radi o waves
emtted fromGPS satellite by means of principle of trigononetrical survey.
Vehicle |l ocations are then assigned to the vehicles in the airport. GSP
transmitter 24 transmts themboth as a radio wave 26 including vehicle
| ocations and vehicle nunbers. A vehicle4/38ation 15 detector 23
receives radi o wave 26 including vehicle |ocations and vehicle nunbers and
decodes them and outputs them as comuni cation radio i nformation 25
i ncluding vehicle locations and vehicle nunbers to I D code addition
apparatus 13. | D code addi ng apparatus 13 coll ates radar ed¢hoes froma
vehicle which are detectdqd bys ASDE tajget detegtor, with the;zﬁéocations,

t

;

and outputs vehicle |ocatliong 20 and vehiclle nbers td
mul ti-function display a ratus /14 as displ ay a 16 as ¢ ibed in the-
first enmbodi merp-—Fe- it fit —r-6-Le0RCHatal ) == ¥t s chart of
FIG 8, a vehiqle target |input process of step}S30 coordingtes ah ASDE

n ASR/ SSR targe¥ input of stlep S2i, as

target input ofy ste i
described in tHe fijr odi ngnt . 25. Nextl, in 4 |ocation
. o D ] 1.
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error areas obtained by vehicle target detector 23 and | ocation error areas
obt ai hed by ASDE target detector 12, a location correlation is calcul ated
to identify targets to be the sane location in consideration of errors, if
centers of targets do not accord but are within a predetermined area. In
tracki ng process of step S23, a tracking5f18ter tracks 30 targets of

whi ch correlation process of |ocation has been finished. ID code addition
process of step S24 adds I D codes to a vehicle. A location information and
| D codes of vehicles identified by ID codes addition process of step 24 are
encoded by di splay data encodi ng process of step S25, and are outputted as
a display data 16 to nmulti-function display 14 in order to display 5

synbol by a graphic drawi ng. The | | i hW¥gard to

vehi cl es, but the s wth rgg ggea S e s as bhat of
the first enbodi mgnt.
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As descri bed above, even if vehicles do not have |ID code information
allocated by a flight schedule information processor, they can be
.automatically 10 detected, and ID codes are also autonmatically
allocated to them Therefore, the duties of the air traffic controllers are
reduced as a result and airport safety i&1lBore assured. In the present
enbodi nent, a vehicle target detector and GPS transmtter carried in the
vehi cl es are con| o the construction of the first enbodi nent, and ID
nunbers are addef t® veljicles noving on an airport surface. But the

enbodi nent 15 C llso be applied to other noving object other than
vehi cl es. Enbodi jrexd he above second enbodi nent descri bes a system which
automatical ly He qgussairplanes and vehicles and adds I D codes to tha@®
However, as shdyh B 9, 20 ASDE may cause blind areas 51 and {2
where radi o wave ar antenna 1 are bl ocked-by buildings 50 and on.

As shown in FIG &®,8it is possible to nonitor an entire airport surf by
connecting an opt sensor 27 and a blind target detector 29. It alfgmy has
an advant age t hap—usb—ef—t-hRe—ept+eat—sensor 27 does not interfere other .
radi o 24 -
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waves i.n the airport. 25 The invention of the enbodinent is

expl ained below FIG 10 is a functional block diagram show ng an airport
surface traffic system The system conprises an optical sensor 27 such as a
vi si bl e canera or such as far infrared carrera a blind target detector 29
for processing picture image. FIG 10 and /F‘IBG 11 are expl ai ned bel ow.
Optical sensors 27 are equi pped to 30 apron illum nation towers and an
ai rport building and so on, for exanple, which 12 nonitor areas where
beconme blind spots of radar ant enn 1 and utputs,area information as
opto-electric signals 28 to bI|nd arget etect 329, The_blind target
detector 29 detects targets such @s alr Ianes sing imagg process which
recogni zes picture inmages by pat ts the tgr ARGET

DETECTOR
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5 longitude and latitude information of the airport, and outputs target
| ocations as blind target location signals 30 to I D code addition apparatus
13. The concrete process of target detector 29 are shown in FIG 11. A

vi deo quantization process of step S40 carries out A/ D-conversion of an

vi deo signal obtained fromoptical sensor8/d8. A picture recognition process
of step $S41 detects 10 | um nance changes of pixel between the present
frame picture and the preceding frame picture. Step S42 deci des targets
fromthe | um nance change of the pixel in reference to their sizes and

vel ocities, and outputs target locations if the pixels are assuned as
targets. The process of |ID code addition apparatus 13 is simlar to that of

the first 15 epbodi ment 1. - shown in a process chgrt of FIG[|12, a
blind target detecfoR529 coordi pal®s an AS arget inpdt 20 gnal of 22ep
S20 and an ASK/ SS rget inputj|s/gnal of/’stép S21. In cation
correlation _procesk _of step S22| since there are locatidn error_areas__
obtai ned by|vehicle target detegtor 23 and |ocation errdr areas ob ai ndd by
an I — o |
ASDE ASR/SSR
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20 . ASDE target detector 12, a location correlation is calculated to
identify the targets to be in the sanme | ocation in consideration of errors,
if centers of targets do not accord but the targets are within a
predet.erm ned area. In step S23, a tracking filter tracks targets of which
correl ati on process of |ocations have be@M8inished, and then outputs

| ocation information and I D codes to a nulti-function display 14 in order
to display synbols of 25 the targets by neans of graphic drawi ng. As
descri bed above, this enbodi nent enables to nonitor entire airport surface.
It al so has an advantage that use of the optical sensor 27 does not.
interfere other radio waves in the airport. Thus airport safety is nore
assured. 13 Enbodinent 4 It is possible to warn an abnormal access or a
possi bl e collision between




ai rpl anes or between vehicles and airplanes via nulti-function display 14
by adding the collision forecasting apparatus 31 to the construction of the
third enbodi nent. 5 FIG 13 is a functional block diagram show ng an
airport surface traffic systemof the fourth enbodi nent. The el enents

havi ng the sane reference nunbers in FI Q0/18 as those of FIG 1 are the
sane portions or espondi ng portions. Accordingly the detailed

expl anation of thg sane gortions is omtted. An operation of the fourth
enbodi nent is nowW ex@lainjed wwith FIG 14. FIG 10
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fqrecasting apparatus 31. A location forecasti g
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di spl ayed via multi-function display 14. As described above, since a
collision forecasting warning is notified to air 20 traffic controllers
via nmulti-function display 14, airport safety is nore assured. Enbodi ment 5
It is possible to add airplane ID codes to departing airplanes by
connecting SSR node-S transnitter / receiMdil833 and a | ocation

determ nation apparatus 35 to the 25 construction of the above

enbodi ment, and detecting a location and a beacon code of airplanes
carrying a SSR node-S transmtter. A fifth enbodi nent is now expl ai ned.

FIG 15 is a functional block diagram show ng an airport surface traffic
systemof the fifth enbodi nent. The | emBPit s havi ng the sane reference

nunbers in FIG 15 as those of FIG t he sane portions or the
correspondi ng porti ons.—Accor-di-Agly—t — - detalled expl anation of the
same portions is omitted. :
| ", S40
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14 Operation is now explained using FIG 15, FIG 16 and FIG 17. Since
alrplanes carrying an SSR node-S transnitter is capabl e of individual
inquiries, the airplane gives SSR node-S inquiries signal and receives
response signals by SSR node-S receivers 33 which are set at |east three
pl aces and then outputs a reception 5 12/d8gnal 34 to location

determ nati on apparatus 35. As shown in the process chart of FIG 16, the
| ocati on determ nati on apparatus 35 decddes SSR node-S response signal (a
response signal recglygg_ilgplgLIglane carrying_transponder_corresponding
to SSR node-S) at {npde-S code decodi ng process of step S60. The | catlon
determ nati on app%ratus 35 then determnes target location by at

measur enent -10 using a difference of arrival tinme of receptloﬂ nals
from SSR node-S tdansnitter / receiver 33 which are equi pped at t Hr

di fferent places, Jand outputs location information gnd beacon -codds, The
process of |ID codq4 addition apparatus 13 is the sang as that of tHe(f)rst
enbodi ment. As shqwn in a proces§ chart of FIG 17, |SSR node-S inqum ng
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15 process of step 61 coordi nates ASDE target input signal of step 20
and ASR/ SSR target input signal of step 21. Since error ranges of |ocation
obtai ned by a |l ocation determ nati on apparatus 35 and error ranges of

| ocati.on obtained by ASDE target detector 12 do not exactly match, a

|l ocation correlation is calculated to i dd¥ 18y targets to be in the sanme

| ocati on 20 I n consideration of errors, if centers of targets do not
accord but the s are within a predeternmined area. In step S23, a
tracking filter typackls targets of which correlation process of |ocations
have been finishedy, gnd then outputs location information and ID codes to a
rrulti-functimﬁi é 4 in order to display synbols of the targets by
means of grﬁ’p]i.ﬂ; i np. .25 As descri bed above, since targets

t aki ng of f |\§a§t ty chl detected and al so I D codes are added, duti of
the air traffic I ys are reduced and airport safety is nore ass d.
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What is clainmed is: an airport surface detection radar for detecting

targets noving in an & rt; 5 a first target detector for
outputting location information of targets calculating target |ocation
obtained froma signal outputted fromthe rt surface detection radar; a

first nonitoring radar for detecting tardéf%sin air ar. ound airport; a
second nonitoring radar for receiving response gnals fromthe targets; 10
a second target detector for outputing locati. nformation of targets and
beacon code information in response to target 1 tion information fromthe
first nonitoring radar and signals fromthe seco nonitoring radar; a
flight schedule information p ssor |forqeutputting flight schedul e

i nformati on of airplanes; 15 n ID (identification) e addition
apparatus for determ pning targets anc eir_locations in response to 1tion
information outputted fromthe Tirst Jand the second | ,
S50 l\
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$52
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target detectors, ad | D code according to the beacon code information and .
the flight schedule ormation, and outputting |ocation information and ID
codes of targets as di ay data; and 20 di spl ay apparatus for
indicating |ocations of targets noving on the airport s ce and synbol s
and | D codes corresponding to the targets/i8 response to display 2. The
airport surface traffic control systemof claim1, further conprising: 25
a GPS (d obal Positioning System) transnitter carried on target airplanes
for transmtti ion information and I D code information of the
targets which arzcal ulated in response to signals received fromthe GPS
satellite; an* target detector for receiving |ocation information
and I D code i fp@g of targets fromGPS transnitter and decodi ng, and
out put ting Hai tz&ge 30 | ocations and said ID code information to the
| D code addi\H u
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where, the system determ nes targets and their |ocations according to

| otation information of the first and the third target detectors, adds ID
codes. according to said code information received fromthe third target
detector, and outputs |ocation infornati?ékﬁguil D codes of the targets as
di splay data. 5 3. The airport surface t c control systemof claim 2,
further conprising: an optical sensor for detecting areas where the airport
surface detection radar can not detect; and a fourth target detector for
outputting location information of targets to the ID 10 code addition
apparatus according to said optical sensor; where, the system determ nes
targets and their locations according to |ocation information of the first
and the fourth target detectors. 4. The airport surface traffic control

systemof claim3, further conprising: {5 4 a collision :
forecasting apparatus for cal culating ppssipility gf—Bfiture collision
according to |l ocation change of the tar obt ai ged from di splay data
whi ch are —_——
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dlsplayed on the ID code adding apparatus, and outputting a collision
warni ng signal to the nulti-function display when there is a risk of a
collision; where, the systemforecasts collision warning according to the
collision 20 _forecasting warning Sig{i? 5. The airport surface traffic
control systemof claim4, further conpr lﬁg at | east three SSR node-S
receivers for receiving SSR node-S responses fromthe targets which are
taki-ng of f and outputting reception signals; and 25 a |location
determi nation agpafalus Tor defermning Tocation of targets according to
reception signaf¥\{rom SSR node-S receivers, and outputing | ocat i oh
I nformati on an argets to 1D code hgdition
=
éé

0
apparatus; where, {he tgrmnes targets andltheir |ocation
according to locatfon | tyo? and the first tarpet detector, a dds

| D codes accord jto n 30 code inforjmation fron1the|k_4ation
determ nation a at ‘ ',ILI*
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VWhat is clainmed is: 1. An airport surface traffic control system
conprising: an airport surface detection radar for detecting targets within
a first range nmoving in an airport; 5 a first target detector for
outputting location information of targe y calculating target |ocation
obtained froma signal outputted fromth /. rport surface detection radar;
a first nonitoring radar for detecting targets within a second range,

| arger than said first range, in the air around the airport; 10 a
second nmonitoring radar for receiving identification signals from
transponders in the second, |arger, range targets; a second target detector
for outputting identification and | ocation information of second, |onger,
range targets in response to target |ocation information fromthe first
nmoni toring radar and identificat information in response to the
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15 identification si gnals fromthe second nonitoring radarf
schedul'e information processor for outputting flight schedd] g f,nfgrm@c;otgga
-of airplanes; an ID (identification) cade addition apparat

‘identifying targets and their locations in response to the i dentification
and | ocati on aTReoREEURIMCEUTRLHEFTE Cdvraon 2¥sThe second target detector,

adding an I D code according to the identification code information and the
flight schedule information, and outputting location information and ID
codes of targets as display data; and for correlating the |ocation of

targets noving fromthe second_to the flrst ra}g}g when detected by both the
first and second target detecfBSIRAN QBHIHERISIOIVRE said ID code to the

correlated target 25 detected at the first, shorter, range by the airport
surface detection radar and the first target detector; a display apparatus

for indicaish r&ﬁpbﬁ%fa@@%ra?ﬁc Eg{t f ﬂT‘B\\/x'dQ(g cﬂ Iagte@t'sr &U(/fn C&m Q diffort
oo o Spettea OVl R L R
code an air tra ic con&ol?er ang iev tes sa ety ofana 1atxon control. An airport surface tra

system comprises airport surface monitoring radars (1,2,3) which detects targets moving on an

airport surface, Airport Surface Detection Equipment (ASDE) target detector (12) which

_ detects targets by an output signal of the airport surface monitoring radars (1,2,3), a second

monitoring radar (17) which receives response signals from airplanes and from an airport

- monitoring radar which control airport, ASR/SSR target detector (18) which detects targets,

~ ID code addition apparatus (43) which adds an ID code to targets based on a signal from a

Flight Data Processor (FDP) (21) which stores flight schedule data of axrplanes and a multi-

~function display (14) which displays targets.

Figure 1



v v

\ i
30« previously identified in response to the irdentification information
fromthe second target detector and transferred to:-the target by the ID
code (apparat us. 2. The airport surface traffic control systemof claim1,
further conprising: a GPS (G0 Fﬁ5 St—i—gm,g,g,( M@m)ansmtter carried
on target airplanes for t ransmi ?dl oCajson ' intormation and | D code
i nformati on of the targets which are calculated in response to signals .
recei ved'from%lﬁgﬂﬁggqel lite; and a third target detector for receiving
‘location info b D code information of targets from GPS
transm.tter and decoding; and outputting said target |ocations and said ID
code information to thex ID code addltlon apparat us 5. where, the
syst em det er m nes—targ@partauitice{HacCRORED:] RPESHIEs ey

i nformation of the f h Lrd .t  dete rs ds_| D cegdes
according to said c%’hﬁ%&&%ﬁ%&%&%@ﬁ@g&t@ﬁg%é% moﬂ?cgjt’%?lb% [PFlet ect or,
and outpuyts |ocati Qffirst target detector for outputting location information of targets .
_ calculating target location obtained from a signal outputted from the aipgort sm_'face
detection radar; '

a first monitoring radar for detecting targets in air areg/around airport;
a second monitoring radar for receiving responseignals from the targets;

10 a second target detector for outputing location'information of targets and
beacon code information in response to target lgeation information from the first -
(N monitoring radar and signals from the secopd
a flight schedule information ppe

information of airplanes;

monitoring radar;

essor for outputting flight schedule

15 an ID (ldentlﬁcatlon) code addmon apparatus for dctenmmng targets and their
locations in response to lgeation mformatlon outputted from the first and the second

target detectors, addipg ID code according to the beacon code information and the

flight schedule ip# rmatioﬁ, and outputting location information and ID codes of

targets as display data; and

20 ‘gdisplay apparatus for indicating locations of targets moving on the aifport
surf#ce and symbols and ID codes corresponding to the targets in response to display
~ (CAMCEL C,LA—lM t ,5 RE'PLAC% By New cLam | )
2. The airport surface traffic control system of claim 1, further comprising:
25 - a GPS (Global Positioning System) transmitter carried on target airplanes for

transmitting location information and ID code information of the targets which are
calculated in response to signals .received from the GPS satellite; and
a third target detector for receiving location information and ID code
information of targets from GPS transmitter and decoding, and outputting said target
30 locations and said ID code information to the ID code addition apparatus;



i nff'orimati on and I D codes of the targets as display data. 3. The airport
surface traffic control systemof claim2, further conprising: 10

an optical sensor for detecting ) V\&e: e the airportysurface detection
radar .can not detect; and a four hﬁgm %m&h’}ut putting |ocation
I nformation of targets to the I D code addl9i on apparatids according to said

optical sensor; 15 where, the system determ nes targets and their
| ocat i ons accor di ngvitege, [thecsystemndeteniines targessiansk thein loctions acconding todo€ationt h

target detectors. 4. T i rport surface traffic rol, system of claim 3,
fur Sher - conpr Spition o a5 e B AfsSiaprseadib I oPres aeBmithede peig

possibility o heSH Fefli ' ‘ﬁp@tﬁ the targets
obt ai ned fromagéi%ﬁgr@a at%@%&g?{e&%@&rﬁ%figﬁ%ﬁ%n t g&f ncode addi ng
appar at us, andnformationtand ID aodes lof theitangets/as displgy datgnal to the nul ti-function

di splay when there is a risk of a collision;” where, the system forecasts
col I'i si oA war ni ng according to the collision forecasting warning signal.

3. The airport surface traffic control system of claim 2, further comprising;
an optical sensor for detecting areas where the airport surface detection radar
can not detect; and '
a fourth target detector for outputting location. information of targets to the ID
10 code addition apparatus according to said optical sensor; |
where, the systém determines targets and their locations according to location

\_ information of the first and the fourth target detectors.

4. The airport surface traffic control system of claim 3, further comprising:
15 a collision forecasting apparatus for calculating possibility of future collision
according to location change of the targets obtained from display data which are
displayed on the ID code adding apparatus, and outputting a collision warning signal
to the multi-function display when there is a risk of a collision;
where, the system forecasts collision warning according to the collision

20 forecasting warning signal.

5. The airport surface traffic control system of claim 4, further comprising:
at Jeast three SSR mode-S receivers for receiving SSR mode-S responses
from the targets which are taking off and outputting reception signals; and
25 a location deteﬁnaﬁon apparatus for determining location of targets
according to reception signals from SSR mode-S receivers, and outputing location
information and beacon code information of the targets to ID code addition apparatus;
where, the system determines targets and their locations according to location
information and the first target détector, and adds ID codes according to said beacon

30 code information from the location determination apparatus.



5. »The ai rport surfg,gg,LLaiHc control system of claim4,
conhpri si ngm25

SSR node- Sy ﬂ“‘“ﬂ“ﬂ“ r‘ﬂ“&e targets which are taking off
reception s \m ation determpation apparatus:

| ocati on of tarfet's accor di ng-to recepti - si gnhal s from SSR node- S

f

|.east three SSR node-S receiver

f

»
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receivers, and outputing |ocation 30 I nformati on and beacon code

i nfor mation of the targets to I D code addition apparatus;

where, the system

determ nes targets Whet isclaimed écat i ons accor di ng to | ocation information
and the first target detector, and adds ID codes according to said beacon

code informaion fromthe | ocat i on det erm nati on apparatus.
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15

20

30

. An airport surface traffic control system comprising:

an airport surface detection radar for detecting targets within a first range
moving in an airport; '

a first target detector for outputting location information of targets by
calculating target location obtained from a signal outputted from the airport surface
detection radar;

a first monitoring radar for detecting targets within a second range, larger
than said first range, in the air around the airport;

a second monitoring radar for receiving identification signals from
transponders in the second, larger, range targets; | '

- asecond target detector for outputting identification and location information
of sécond, longer, range targets in response to target location information from the
first monitoring radar and identification code information in response to the
identification signals from the second monitoring radar; |

a flight schedule information processor for outputting flight schedule
information of airplanes;

anID (1dent1ficat10n) code addition apparams for identifying targets and their
locations in response to the identification and location information outputted from
the second target detector, adding an ID code according to the identification code
information and the flight schedule information, and outputting location information
and ID codes of targets as display data; and for correlating the location of targets
moving from the second to the first range when detected by both the first and
second target detectors, and for transferring said ID code to the correlated target
detected at the first, shorter, range by the airport surface detection radar and the
first target detector; ' |

a display apparatus for indicating locations of targets moving on the airport
surface on the basis of the location information from the first target detector and
symbols and ID codes corresponding to the targets on the basis of the ID code
previously identified in response to the identification information from the second
target detector and transferred to the target by the ID code apparatus.

2. The airport surface traffic control system of claim 1, further comprising:

a GPS (Global Posmonmg System) transmitter carried on target airplanes for
transmitting location information and ID code information of the targets which are



e —

I L L I

10

15

20

25

REPLACEMENT SHEET

Date 29JAN.1997

calculated in response to signals received from the GPS satellite; and
a third tatget detector for receiving location information and ID code
information of targets from GPS transmitter and decoding, and outputting said target

locations and said ID code information to the ID code addition apparatus;
where, the system determines targets and their locations according to location

information of the first and the third target detectors, adds ID codes according to said
code information received from the third target detector, and outputs location

_ information and ID codes of the targets as display data.

3. The airport surface traffic control system of claim 2, further comprising:

an optical sensor for detectmg areas where the airport surface detection radar
can not detect; and

a fourth target detector for outputting _lomﬁon. information of targets to the ID

code addition apparatus according to said optical sensor;

where, the system determines targets and their locations according to location

' information of the first and the fourth target detectors.

4. The airport surface traffic control system of claim 3, further comprising:
~ acollision forecasting apparatus for caléulating possibility of future collision

according to location change of the targets obtained from display data which are
displayed on the ID code adding apparatus, and outputting a collision warning signal
to the multi-function display when there is a risk of a collision;

where, the system forecasts collision warning according to the collision
forecasting warning signal.

5. The airport surface traffic control system of claim 4, further comprising:

at least three SSR mode-S receivers for receiving SSR mode-S responses
from the targets which are taking off and outputting reception signals; and

a location determination apparatus for determining location of targets
according to rcceptlon sxgnals from SSR mode-S receivers, and outputing location

30 mformatmn and beacop podq information of the targets to ID code addition apparatus;

where, the system determines targets and their locations according to location
information and the first target detector, and adds ID codes according to said beacon
oodc_i:},fpgi_ngt;iog'__f__rg_@ the location determination apparatus.



