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(57) ABSTRACT

Disclosed are methods for communication channel setting
and connection establishment in a new UAS CNPC system
which can dynamically allocate a UA controlling a commu-
nication frequency resource to efficiently operate multiple
UAs to channels in a limited UA control dedicated fre-
quency band in a national airspace and be applied even to a
next-generation P2MP type CNPC system, in order to stably
operate the UA and extend the demand of the UA. That is,
the present invention has been made in an effort to provide
a method for setting a UA controlling communication chan-
nel between a ground radio station (GRS) and an unmanned
aircraft (UA), which is used for supporting dynamic allo-
cation and management of a UA controlling communication
channel and a procedure for establishing connection ofa UA
controlling communication channel among a ground control
system (GCS), the ground radio station (GRS), and the
unmanned aircraft (UA).

(Continued) 20 Claims, 12 Drawing Sheets
UA
REQUEST ACCESS
(VA NON-CHPC LINK)
A i
s
b
:
-
e
AND PILOT (USING WIFE 430
LTE, BLUETOOTH, ETC.
REQUEST ACCESS (VIA NON-CNPE LINK} (W.T. GCS |D INFRRMATION)
ACCESS (V14 NON-CNPC
145
NOTIFY COMPLETION OF ENPC CHANMEL SETTING
{VEA NON-CAPC LINK) (YIT. UA ID INFORKATION)




US 10,104,708 B2

Page 2
(51) Imt. ClL
HO4W 16/14 (2009.01)
HO4W 24/02 (2009.01)
HO4B 7/185 (2006.01)
HO4W 84/10 (2009.01)
(52) US. CL
CPC ... HO4B 7/18506 (2013.01); HO4W 84/105
(2013.01)

(58) Field of Classification Search

CPC ....cccee. HO04W 76/021; HO4W 84/105; HO4B
7/18506; HO4B 7/155
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

9,798,329 B2* 10/2017
2004/0125784 Al 7/2004
2009/0164638 Al 6/2009
2015/0043493 Al* 2/2015

2015/0319769 Al* 11/2015

2017/0161968 Al*
2018/0123678 Al*

6/2017
5/2018

* cited by examiner

Shattil ...........c.......

Lee et al.
Jang et al.

Gajanan ................
Grabowsky

Ki€ oot
Frolov ............

B64C 39/024

HO4W 16/14

370/329

HO04W 72/1236

455/510

GO7C 5/008
HO04B 7/18506



U.S. Patent

FIG.1A

Spectrum
Authority

Oct. 16,

2018 Sheet 1 of 12

GCS GRS

ALLOCATE 1 SET CHANNEL AMONG SA, GCS, AND GRS
(1PRIMARY+1BACKUP OR 1PRIMARY) AND REGISTER GCS/GRS |NFORMATION
IN SA (CNPC CHARACTERISTIC, POSITION, ANTENNA PATTERN, ETC.,)

(W.T. GCS 1D INFORMAT ION
[ DETERMINE VALID 6CS 115

REQUEST ACCESS
(VIA NON-CNPC LINK)

110

VERIFY AGCESS
{VIA NON-CNPC LINK)
W.T. GRS ID INFORMAT{ON

|
| DETERMINE VALID GCS J~-120

REQUE

GOS 1D INFORMATION INCLUDING
ALLOCAT ION CHANNEL INFORMATION,
DHSTINATION UA INFORMAT IO
GRS D INFORMATION, ETC.})

| SET CNPC CHANNEL 125

VIA NON-CNPC LINK) (W.T

T 1 SET CNPC CHANNEL SEJTING

NOTIFY COMPLETION OF

CNPC CHANNEL SETTING

(VIA NON-CNPC LINK)
W.T. GCS ID INFORMATION

GCS, OPERATION MANAGER,

AND PILOT

LTE. BLUETOOTH, ETC. )

(USING WIFT, ~130

US 10,104,708 B2

UA

REQUEST ACCESS (VIA NON-CNPG LINK) (W.T. GCS ID INFPRMATION)

GCS/OPERATION

DETERMINE VALID
MANAGER/P1LOT

VERIFY ACCESS (VIA NON-CNPC JINK) (W.T. UA 1D INFORMATION) 125

[DETERMINE VALID UAJ~140

REQUEST 1 SET CNPC CHANNEL
{W{T. GCS ID INFORMATION

INFO

SETTING (V1A NON-CNPC L |NK)
CLUDING ALLOCATION CHANNEL
ATION, UA 1D INFORMATIDN, GRS ID INFORMATION, ETC.,)

NOTIFY COMPLETION OF CNPC CHANNEL SETTING
(VIA NON-CNPC LINK) (WAT. UA ID INFORMATION)

SET CNPC

CHANNEL 1%

10A 10B

10C



U.S. Patent Oct. 16, 2018 Sheet 2 of 12 US 10,104,708 B2

FIG.1B

DOES
GCS REQUEST
CONNECT 1ON?,

DOES
GCS REQUEST
CONNECTION?

DOES
GCS REQUEST
CONNECT 1ON?2

REQUEST CNPC LINK CONNECTION
{VIA NON-CNPC LINK) (W.T. GCS 1D
INFORMATION INCLUIBING DESTINATION

UA INFQBMATION)

REQUEST CNPC LINK CONNECTION (VIA CNPC LINK)
{WJT. GRS ID INFORMATION INCLUDING SOURC
GCS| INFORMATION, UA D INFORMATION, ETC.|

DETERNINE |59
VALID GCS/GRS

ACCEPT CNPC LINK CONNECTION (VIA CNPC LINK)
(W.T. UA 1D INFORMATION INCLUDING DESTINATION
GCS| INFORMATION, GRS 1D INFORMATION, ETCL,)

I

ACCEPT CNPC LINK CONNECTION
(VIA|NON-CNPC LINK) (W.T1. GRS ID INFORMAT]ON
INCLUDING SOURCE HF 1D INFORMATION)

l COMPLETE CNPC LINK CONNECTION AND START COMMUNICATION f‘*155

L

REQUEST CNPC LINK CONNECTION (VIA CNPC LINK)
(W.TJ UA ID INFORMATION INCLUDING DESTINATION
GCS INFORMATION, GRS 1D INFORMATION, ETC.f

REQUEST CNPC LINK CONNECTION
ON-CNPC LINK) (W.T. GRS ID INFORMATION

(Vi
CLUDING SOURCE UA 1D INFORMATION, ETQ..)

-

DETERWTNE
VALID UA/GRS |60

ACCEPT CNPC LINK CONNECTION
(VIA NON-CNPC LINK) (W.T. GCS ID INFORMAT/ION
INCLUDING DESTINATION UA INFORMATION}

ACCEPT CNPC LINK CONNECT!ON

A CNPC LINK) {W.T. GRS 1D INFORMATIO

INCLUDING SOURCE GCS [NFORMATION,
UA ID INFORMATION, ETC.,)

<

COMPLETE CNPC LINK CONNECTION AND START COMMUNICATION f\—165




U.S. Patent Oct. 16, 2018 Sheet 3 of 12 US 10,104,708 B2

Spectrum GGCS
Author i ty (or pilot, OPERATOR) GRS UA

1 1 1
ALLOCATE 1 SET CHANNEL AMONG SA, GCS, AND GRS (1PRIMARY+1BACKUP
OR 1PRIMARY) AND REGISTER GCS/GRS INFORMATION IN SA 210
{CNPC CHARACTERISTIC, POSITION, ANTENNA PATTERN, ETC.,)

REQUERT ACCESS (VIA NON-CNPC JLINK)
(W.T. GCS ID INFORMATION

FIG.2A

[ DETERMINE VALID 605 J~215

VERIFY ACCESS (VIA NON-CNPCILINK)
W.T. GRS 1D INFORMATION

I
{ DETERMINE VALID 6CS |~220

REQUEST 1 SET CNPC CHANNEL SHTTING
(VIA NON-CNPC LINK) (W.T. ALLOCATION
CHANNHL INFORMATION, DESTINATJION UA

INFORMATION, GCS 1D INFORMATION | ETC. )

| SET CNPC CHANNEL J~-225

NOTHFY COMPLETION OF CNPC CHANNEL
SETTING {VIA NON-CNPC LINK)
(IW.T. GRS 1D INFORMATION

GCS REQUEST
ONNECT 10N

Y
REQUEST CNPC L
(VIA NON-

qW.T. GCS (D
INCLUD{NG DESTINAT)

)

230
18
LOCATIO LOCATIO ALLOCATION
INFORMAT 10N INFORMAT ION INFORMAT ION
INCLUDED IN INCLUDED IN INCLUDED IN

CONNECT 10N
EQUEST

Y Y

REQUEST CNPC L INK CONNECT YON
{(VIA CNPC ALLOCATION CHANNEL AND COMMON
CHANNEL) [(W.T. INCLUDING
CHANNEL JALLOCATION/SOURCE GCS HFORMATION
ANDJDESTINATION UA ID INFORMATION)

i
DETERMTIE
240—NaL 1D GCS/GRS

ACCEPT C%fc LINK CONNECTION (VIAI CNPC LINK)

(W.T. UA 1D INFORMATION INCLUDING DESTINATION
GCS INFORMATION AND GRS 1D {NFORMATION)

1
[DETERMINE VALID UA}~215

ACCEPT CNPC LINK CONNELTION (VIAINON-CNPC LINK)
W.T. GRS ID| INFORMAT ION
INCLUDING SOURCE|UA INFORMAT]ON)

[

2504~ DETERNINE VALID UA}
i

255\/’“i COMPLETE CNPC LINK CONNECTION AND START COMMUNICATION I

REQUEST |CNPC LINK CONNECTION (VJA CNPC
ALLOCAT{ON CHANNEL AND COMMON CHANNEL)
(W.T. |GRS ID INFORMATION INCLUDING

DESTINATION UA INFORMATION)

Coon) (o) (ooc) (o) 20E 20F




U.S. Patent Oct. 16, 2018 Sheet 4 of 12 US 10,104,708 B2

{ 204 ) { 208 > (2¢ ) (210 ) { 20E ) { 20F )
l

260~ DETERMINE VALID GRS |

FI1G.28 REQUEST [CNPC CHANNEL ALLOCATION} INFORMATION
VIA CNPC COMMON CHANNEL
W.T. UA 1D INFORMATION)

[ DEERMINE VALID UA J~-265

PROVIDE |CNPC CHANNEL ALLOCATION|INFORMATION
(VIA CNPC ALLOCATION CHANNEL AND COMMON
CHANNEL) | (W.T. GRS 1D INFORMATION INCLUDING
CHANNEL ALLOCAT!ON/SOURCE GCS INHFORMATION AND
DESITINATION UA [D INFORMATIION)

270~ DETERMINE VALID 6CS |

ACQCEPT CNPC LINK CONNECTI&N
(V[A CNPC ALLOCATION CHANNEL)

(W.T. UA ID INFORMATION INCLUDING]|DESTINATION

GCS 1D INFORMATION AND GRS 1D INFORMATION)

AQCEPT CNPC LI CONNECT!$N
(VIA CNPC LINK) (W.T| GRS ID INFORMATION
INGLUDING SOURCELUA INFORMATION)

275 DETERMINE VALID UA]

!
280~-/’ﬁ COMPLETE CNPC LINK CONNECTION AND START COMMUNICATION l

REIQUEST CNPC LINK CONNECTJON
VIA CNPC COMMON CHANNEL
W.T. UA 1D INFORMATION

[DETERMINE VALID UA}~-285

PROVIDE CNPC| CHANNEL ALLOCATION INFORMATION
(VIA CNPC COMMON| CHANNEL) (W.T. GRS ID INFORMATION
INCLUDING OHANNEL ALLOCAT!ON/SOURCH GCS

INFORMAT |ON AND| DESTINATION UA 1D INFOHMATION)

1
[DETERMINE VALID GRS J~-290
RESPOND TQ COMPLETION OF CNPC CHAi?EL SETTING

(VIA CNPC ALLOCATION CHANNEL) (W.T. A ID INFORMATION
INCLUDING DESTINATION GCS INFORMATION)

REQUEST CNPC LINK CONNECTION (V1A NON-CNPGC LINK)
(W.T. GCS D INAORMATION INCLUDING SOURCE UA INFORMATION)

[DETERMINE VALID UAJ~-295
ACCEPT CNjg LINK CONNECTION (VIA KON-CNPC LINK)

{W.T. GCS ID INFORMATION INCLUDING
DESTINATION UA [NFORMATION)

ACCEPT|CNPC LINK CONNECTION {VJlA CNPC
ALLOCAT|Olff CHANNEL) (W.T. GRS ID |NFORMATION
INCLUDING SOURCE GCS INFORMATHON)

|DETERMINE VALID GRS J~298
i
299~——|  COMPLETE CNPC LINK CONNECTION AND START COMMUNICATION |




U.S. Patent Oct. 16, 2018 Sheet 5 of 12 US 10,104,708 B2

FIG.3A
Spectrum GCS
Author i ty (or pilot, OPERATOR) GRS UA
l |
] ALLOCATE 1 SET CHANNEL }-st0
l

] ROUEST 1 SET CHANNEL SETTING |35

I NFORMATION
INCLUDED IN

INFORMAT1ON
INCLUDED IN

INFORMAT IO
INCLUDED 1IN

REQUEST CNPC LINK CONNECT fON
(VIA NON-CNPC COMMON CHANNEL)

330~ SEARCH FREQUENCY }

T
DETERMINE VALID
335~ GRS/GCS AND VERIFY
ALLOCATION CHANNEL

AQCEPT CNPC LINK CONNECT (N
{VIA NON-CNPC COMMON OR ALLOCATION CHANNEL)

[DETERMINE VALID UAJ~—340

AQCEPT CNPC LINK CONNECTIQN
(VIA NON\ENPC LINK)

345+ DETERMINE VALID UA]

!
350\-"4 COMPLETE CNPC LINK CONNECTION AND START COMMUNICATION I

e
REQUEST CNPC LINK CONNECT {|ON
(V1A CNPC COMMON CHANNEL

(sn) Cam) (ac) (am) Cae) (o)




U.S. Patent Oct. 16, 2018 Sheet 6 of 12 US 10,104,708 B2

FIG.3B

( 30A ) ( 308 > { 30C ) ( 300 ) @ 30F

355~ SEARCH FREQUENCY ]

1
360~PETERMINE VALID GRS]

REQUEST CNPC CHANNEL ALLOCATION
INFORMATION (VIA CNPC COMMON JCHANNEL)

]
DETERMINE VALID UAI~\«365

PROVIDE [CNPC CHANNEL ALLOCATION| INFORMATION
VIA CNPC COMMON CHANNEL

370—] DETERMINE VALID GCS |

1
[VERIFY ALLOCATION INFORVATION J~t 375

AQCEPT CNPC LINK CONNECTIQN
{VIA CNPC[ COMMON OR ALLOCATION CHANNEL)

CEPT CNPC LINK CONNECT PN
(VIA NONACNPC LINK)

=

380~ DETERMINE VALID UA}

!
385~-/”{ COMPLETE CNPC LINK CONNECTION AND START COMMUNICATION l

L .

290 SEARCH COVION
CHANNEL FREQUENCY

REQUEST CNPC LINK CONNECT ION
VIA CNPC COMMON CHANNEL

DETERMINE VALID UA r\«392

PR*XIDE CNPC CHANNEL ALLOCATION
INFORMATION (VIA CNPC COMMON |CHANNEL)

[ DETERMINE VALID GRS |~394

I
[ VERTFY ALLOCATION INFORMAT ION J~—395

RESPOND JO CNPC CHANNEL SETTING COMPLETION
(VIA CNPC_COMMON OR ALLOCATION [CHANNEL)

REQUEST CNPC LINK CONNECTIDN
(VIA NON-CNPC LINK)

[DETERMINE VALID UA }~396

AQCEPT CNPC LINK CONNECT [N
{VIA NON-CNPC LINK)

AQCEPT CNPC LINK CONNECT QN
(VA CNPC ALLOCATION CHANNEL)

DETERMINE VALID GRS }\«397

!
398\-/—1 COMPLETE CNPC LINK CONNECTION AND START COMMUNICATION I




U.S. Patent

Oct. 16, 2018

Sheet 7 of 12

Spectrum
Author ity

GCS
(or pilot, OPERATOR)

GRS

1 I
l ALLOCATE 1 SET CHANNEL

410

FIG.4A

] RQUEST 1 SET CHANNEL SETTING

}\,415

CHANNEL IN
ALLOCATION

QUEST CNPC
(VIA NON;

CHANNEL IN
ALLOCATION
CHANNEL

pg

CEPT CNPC L
{VIA NONH

REQUEST CNPC LINK CONNECTI
[A INITIAL SETTING CHAN

US 10,104,708 B2

UA

CHANNEL IN
ALLOCATION
CHANNEL

INCLUDED 1IN
ONNECT 10N

ON
EL
IN CNPC ALLOCATION CHANNEL

—r

430—1 SEARCH FREQUENCY |

1
DETERWINE VALID GRS/GCS AND
VERIFY ALLOCATION CHANNEL
ACCEPT CNPC LINK CONNECT I
(VA CNPC ALLOCATION CHANNEL)
[DETERMINE VALID UA}~—440

K CONNECT DN
PC LINK)

1-+435

A

445+~ DETERMINE VALID UA}

COM

45044

PLETE CNPC LINK CONNECT!

ON AND START COMMUNICAT

v

e

REQUEST CNPC LINK CONNECTI
(VIIA INITIAL SETTING CHAN
CNPC ALLOCATION CHANNEL)

ON
EL

455

SEARCH FREQUENCY |

I
460~—| DETERMINE VALID GRS |

CNPC CHANNEL ALLOCATION{INFORMAT ION
INITIAL SETTING CHANNEL 1IN
CNPC ALLOCATION CHANNEL

REQUEST
(v

A

[DETERMINE

VALID UA J~465

PROVIDE
(VIA

CNPC CHANNEL ALLOCATON
INITIAL SETTING CHANNEL
CNPC ALLOCAT ION CHANNEL
4704~ DETERMINE VALID 6CS |
4754 VERIFY ALLOCATION INFORMATION |

ACCEPT CNPC LINK CONNECTIQN
(VIIA CNPC ALLOCATION CHANNHL)

INFORMAT | ON
IN

AG

DEPT CNPC L1

K CONNECT G
CNPC LINK)

(VIA NON

480~——{DETERMINE VALID UA}

485

T
COMPLETE CNPC LINK CONNECTION AND START COMMUNICATION I

40A

40B

400



U.S. Patent

F1G.4B

Oct. 16, 2018 Sheet 8 of 12 US 10,104,708 B2

40A 40B

UEST CNPC LINK CONNECT!
{VIA NON-CNPC LINK)

40C

RE

INFORMAT ION
INCLUDED N

INFORMAT ION
INCLUDED IN

INFORMATION
INCLUDED IN

QUEST CNPC LINK CONNECT
A CNPC ALLOCATION CHANN

SEARCH FREQUENCY
AND BANDWIDTH

I
DETERMINE VALID GRS/GCS AND

ON
EL)

490~

49171 VERIFY ALLOCATION CHANNEL
AGCEPT CNPC LINK CONNECTIPN
(V{A CNPC ALLOCATION CHANNEL)
|DETERMINE VALID UA}~492
AOCEPT CNPC LINK CONNECTIQN
(VIA NON-CNPC LINK)
7\
493——{DETERMINE VALID UA
i
4944 COMPLETE CNPC LINK CONNECTION AND START COMMUNICATION |
REQUEST CNPC CHANNEL
ALLOCATION INFORMATION
(VIIA CNPC ALLOCATION CHANNEL)

500~ DETERMINE VALID UA]

501—

SEARCH FREQUENCY

49571 "AND BANDWIDTH

]
496—PETERMINE VALID GRS

CNPC CHANNEL ALLOCATION|INFORMATION
| A CNPC ALLOCATION CHANNEL)

REQUEST
(v

[DETERMINE VALID UA }—497

PROVIDE CNPC CHANNEL ALLOCATI
{(VIIA CNPC ALLOCATION CHANN

ON INFORMAT ION
FL)

498~ DETERMINE VALID GCS |

1
499~ VERIFY ALLOCATION INFORMATION |

CEPT CNPC LINK CONNECT!
| A CNPC ALLOCATION CHAN

DN

Al
{(V

CEPT CNPC LINK CONNECTI
{VIA NON-CNPC LINK)

N
EL)

T
COMPLETE CNPC LINK CONNECTION AND START COMMUNICATION

! |




U.S. Patent Oct. 16, 2018 Sheet 9 of 12 US 10,104,708 B2

FIG.5A

No

ARE GPS AND DATABASE POSSESSEDZ ===

VERIFY PRIMARY CHANNEL LIST

ALLOCATABLE AT PRESENT POSITION 510
] 504
NO
FROM P2P?
Yes
Energy Detection ? 1o o /COMKHFE%’FED’?
3 VES /515
[ DESIGNATE INITIAL ENERGY DETECTION FREQUENCY WINDOW |
! 7550
[ PERFORM FFT FOR EACH DESIGNATED FREQUENCY WINDOH |
[} 525
[PERFORY ENERGY DETECTION FOR EACH DESIGNATED FREQUENCY WINDOK |
1S WINDON IN No
THICH ENERGY SUM WITH ADJACENT WINDOW 1S MORE THAN =

HRESHOLD VALUE PRESENT?

s
535 ves /REMAINING
| SEQUENTIALLY SELECT WINDOW IN LARGER ORDER OF ENERGY SUM | SELECTED
7 =10 WINDOW
- RESENT?
{REDUCE SEARCH RANGE TO SELECTED AND ADJACENT WINDOW RANGE |
I 545
| SET WINDOW CONSIDERING ALLOCATABLE MAXINUM BANDWIDTH |
1 /550

l SEARCH WINDOW POSITION HAVING MAXIMUM
ENERGY VALUE WITHIN SEARCH RANGE

NO SEQUENTIALLY SET WINDOW CONSIDERING
CORRESPONDING BANDWIDTH IN LARGER 565
ORDER AMONG ALLOCATABLE BANDWIDTHS

IS ENERGY  VALUE MORE THAN THRESHOLD VALU

/555 )
SEARCH PRESENCE OF FREQUENCY CHANNEL FOR EACH SEARCH WINDON POSITION HAVING NAXIMM | _c-q
ALLOCATABLE CENTER FREQUENCY AROUND SELECTED ENERGY VALUE WITHIN SEARCH RANGE
POSITION (E.G., USING RS SIGNAL)

S ENERGY
VALUE MORE THAN THRESHOLD
VALUE?
YES

SEARCH PRESENCE OF FREQUENCY CHANNEL FOR
EACH ALLOCATABLE CENTER FREQUENCY AROUND 575
/560 BELECTED POSITION {E.G., USING RS SIGNAL)

[ VERY WHETHER OWN INFORMATION IS INCLUDED IN SELECTED CHANNEL [

NO

IS CHANNEL PRESENT?

YES

IS VERIFYIN
ANNEL INFORMATION REQUIREDZ

IS _CHANNEL PRESENT?
IS INFORMATION INCLUDED? YES
VERIFYIN
YES ANNEL INFORMATION REQUIRED
END
YES

S INCLUDED IN SELECTED CHANNEL

VERY WHETHER OWN INFORMATION
| 580
NO

END IS _INFORMATION INCLUDED?




U.S. Patent Oct. 16, 2018 Sheet 10 of 12 US 10,104,708 B2

FIG.5B

Energy Detection ? 50D

610~—f1 DESIGNATE INITIAL ENERGY DETECT{ON FREQUENCY WINDOW [
]
615~v—1 PERFORM FFT FOR EACH DESIGNATED FREQUENCY WINDOW [

1
620 PERFORM ENERGY DETECTION FOR EACH
DESIGNATED FREQUENCY WINDOW

1S WINDOW 1N
FHICH ENERGY SUM WITH ADJACENT WiNDOW

MORE THAN THRESHOLD VALUE
PRESENT?

YES
625~»/1 SEQUENTIALLY SELECT WINDOW IN LARGER ORDER OF ENERGY SUM I 50C

|
630-——{ REDUCE SEARCH RANGE TC SELECTED AND ADJACENT WINDOW RANGEI

1
635‘,,1 SET WINDOW CONSIDERING ALLOCATABLE MAXINUM GRS BANDWIDTH [

1
640~/1 SEARCH WINDOW POSITION HAVING MAXIMUM l

ENERGY VALUE WITHIN SEARCH RANGE 508

NO

UE MORE %HAN THRESHOLD VALLE?

YES

SEARCH PRESENCE OF FREQUENCY CHANNEL FOR EACH
645~ ALLOCATABLE CENTER FREQUENCY AROUND
SELECTED POSITION (E . G., USING RS SIGNAL)

NO SEQUENT{ALLY PRESENCE OF
CHANNEL IN LARGER ORDER ~655
AMONG ALLOCATABLE SLOT NUMBERS

IS CHANNEL PRESENT?
YES

IS VERIFYING
CHANNEL INFORMATION REQUIRED?

YES
650~/1VERY WHETHER OWN INFORMATION IS INCLUDED IN SELECTED CHANNEL[

TS VERIFYIN
ANNEL INFORMATION REQUIRED2

NO

IS _INFORMAT|ON INCLUDED? YES
VERY WHETHER OWN INFORMATION IS

INCLUDED IN SELECTED CHAMNEL [ 959

1S INFORMATICN INCLUDED >

YES

:

END

NO



US 10,104,708 B2

Sheet 11 of 12

Oct. 16, 2018

U.S. Patent

2T 01O ST (3")
60| TNV Q3103135 NI GIGTTONT S|
NOLIVAHOIN| NHO HIHITHI AMIA
SEEATTON T NOI LYNHOINT 5]
TINNVHO QL0738 NI QNN
SI NOTLVNHOAN| NHO HIHITHI AHIA
59~
ZINGSTd T3NSI
O
N
MIANN 1 Iy ,
0691 ooy 43040 HIDHYT NI TINNVHD o ¢IN3STUd TINNYHD S
40 JONIST4d ATV ININDIS
(WNBTS S SNTSA B 3)
. NOILISOd GILOTTIS ONAOHY AONIND3H-
YIIND TTBVIVOOTY HOVI HO4 TINNVHO MISHON
107S AW IXYA T199LYO0TIY 40 JONISTHd HOMV3S
ZTTVA QI0MSTHHL NYHL FHON IV
N A0HNT. S|
09 ToNVE TO0VIS NIFLTR ITTVA ADUaNG
ALY 1A WO1L1SOd 10GHIA KOS
SHIQTRONYE TTavIv00 TV BNORY 53040
009~ WIOHYT NI LA IHONYS SNTANOJSTHH00
s ONTHITISNOD HONNTH 135 ATTVILNINOIS
HOGN
IR
NIN VI3

S|

d0s

209

28914



U.S. Patent Oct. 16, 2018 Sheet 12 of 12 US 10,104,708 B2

F16.6
1000
1300
1100
MEMORY
1310 1320 . |user iNTERFACE] 4,
) z PROCESSOR INPUT DEVICE
ROM RAM
Iy
. |user inTERFACE]
1200 OUTPUT DEVICE
1600 P 1700
A ]
NETHORK
STORAGE |NTERFACE




US 10,104,708 B2

1
METHODS FOR INITIAL CHANNEL
SETTING AND CONNECTION
ESTABLISHMENT IN UNMANNED
AIRCRAFT SYSTEMS (UAS) CONTROL AND
NON-PAYLOAD COMMUNICATION (CNPC)

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of
Korean Patent Application No. 10-2016-0010025 filed in the
Korean Intellectual Property Office on Jan. 27, 2016, the
entire contents of which are incorporated herein by refer-
ence.

TECHNICAL FIELD

The present invention relates to unmanned aircraft sys-
tems (UAS), and particularly, to methods for initial channel
setting and connection establishment in UAS terrestrial
control and non-payload communication (CNPC).

BACKGROUND ART

Since a UA controlling communication channel in the
related art is fixedly allocated by targeting point-to-point
(P2P) type CNPC systems in the related art for a long time
(in general, 1 year or more), when communication is estab-
lished once initially in the P2P type CNPC system in the
related art, the communication establishment is not changed,
and as a result, it is difficult to support a dynamic channel
allocation scheme.

In the case of an upward time division multiple access
(TDMA)/downward frequency division multiple access
(FDMA) based point-to-multipoint (P2MP) type system,
since one ground radio station (GRS) forms a CNPC link
with multiple UAs at the same uplink frequency, it is difficult
to apply a communication channel and CNPC connection
setting scheme in the P2P type CNPC system in the related
art as it is.

SUMMARY OF THE INVENTION

The present invention has been made in an effort to
provide a method for communication channel setting and
connection establishment in a new UAS CNPC system
which can dynamically allocate a UA controlling commu-
nication frequency resource to a channel to efficiently oper-
ate multiple UAs in a limited UAS control dedicated fre-
quency band in a national airspace and be applied even to a
next-generation P2MP type CNPC system, in order to stably
operate the UAS and extend the demand of the UAS. That
is, the present invention has been made in an effort to
provide a method for setting a UAS controlling communi-
cation channel between a ground radio station (GRS) and an
unmanned aircraft (UA), which is used for supporting
dynamic allocation and management of a UAS controlling
communication channel and a procedure for establishing
connection of a UAS controlling communication channel
among a ground control system (GCS), the ground radio
station (GRS), and the unmanned aircraft (UA).

The technical objects of the present invention are not
limited to the aforementioned technical objects, and other
technical objects, which are not mentioned above, will be
apparently appreciated to a person having ordinary skill in
the art from the following description.
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An exemplary embodiment of the present invention pro-
vides a method for communication channel setting and
connection establishment in an unmanned aircraft system
including a spectrum authority (SA) system, a ground con-
trol system (GCS), a ground radio station (GRS), and an
unmanned aircraft (UA), including: supporting, by the SA
system, dynamic channel allocation and management in a
database for efficiently allocating and managing a limited
frequency resource for controlling the unmanned aircraft;
and initially setting and establishing communication con-
nection of a control non-payload communication channel
allocated according to the dynamic channel allocation
among the GCS, the GRS, and the UA, wherein a point-to-
point (P2P) type in which the GCS directly communicates
with the UA or a point-to-multipoint (P2MP) type in which
the GCS communicates with the UA through a plurality of
GRSs interlocked on a network is supported.

In the initially setting and the establishing of the com-
munication connection, a CNPC channel of the GRS may be
set by the GCS and the CNPC channel of the UA may be set
by the GCS or a pilot or an operation manager receives
information from the GCS through a terminal and directly
inputs the corresponding information in the UA to the CNPC
channel.

The initially setting and the establishing of the commu-
nication connection may include requesting, by the GCS, an
access to the GRS, determining, by the GRS, whether the
GCS is valid to respond to an access acceptance to the valid
GCS, determining, by the GCS, whether the GRS is valid to
request CNPC channel setting to the valid GRS, setting, by
the GRS, the CNPC channel and transmitting a setting
completion message to the GCS, requesting, by the GCS or
a terminal of a pilot or an operation manager, an access to
the UA, determining, by the UA, whether the GCS or the
terminal of the pilot or the operation manager is valid and
responding to the access acceptance to the corresponding
device when the GCS or the terminal of the pilot or the
operation manager is valid, determining, by the correspond-
ing device, whether the UA is valid to request the CNPC
channel setting to the valid UA, setting, by the UA, the
CNPC channel and transmitting the setting completion mes-
sage to the corresponding device, requesting, by the GCS,
CNPC communication link connection to the GRS, request-
ing, by the GRS, the communication link connection to the
UA through the allocated CNPC channel, determining, by
the UA, whether the GCS and the GRS requesting the link
connection are valid to accept the connection to the valid
GRS through the allocated CNPC channel, and accepting, by
the GRS verifying the connection acceptance, the connec-
tion to the GCS.

The initially setting and the establishing of the commu-
nication connection may further include requesting, by the
UA, the CNPC communication link connection to the GRS
through the allocated CNPC channel, requesting, by the
GRS, the communication link connection to the GCS, deter-
mining, by the GCS, whether the GCS and the UA request-
ing the link connection are valid to accept the connection to
the valid GRS, and accepting, by the GRS verifying the
connection acceptance, the connection to the UA through the
allocated CNPC channel.

For any one of the GRS, the UA, and the GCS, or the
terminal of the pilot or the operation manager to communi-
cate with the other one among remaining components, a
transmission message may include identification informa-
tion thereof so as to be a basis for determining whether any
one is valid and the transmissions message includes identi-
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fication information of the other one so as for only the other
one which is a counter entity to verify related information.

When the GCS or the terminal of the pilot or operation
manager requests the CNPC channel setting to the valid UA,
the transmission message may include allocation channel
information, GRS ID information, and destination UA 1D
information, when the GCS requests the CNPC communi-
cation link connection to the GRS, the transmission message
may include the destination UA ID information, when the
GRS requests the communication link connection to the UA
through the allocated CNPC channel, the transmission mes-
sage may include the source GCS ID information, when the
UA accepts the connection to the valid GRS through the
allocated CNPC channel, the transmission message may
include the destination GCS ID information, when the GRS
accepts the connection to the GCS, the transmission mes-
sage may include the source UA ID information, when the
UA requests the allocated CNPC communication link con-
nection to the GRS, the transmission message may include
the destination GCS ID information, when the GRS requests
the communication link connection to the GCS, the trans-
mission message may include the source UA ID informa-
tion, when the GCS accepts the allocated connection to the
valid GRS, the transmission message may include the des-
tination UA ID information, or when the GRS accepts the
connection to the UA through the allocated CNPC channel,
the transmission message may include the source GCS ID
information.

In the initially setting and the establishing of the com-
munication connection, the CNPC channel of the GRS may
be set by the GCS, and the CNPC channel setting between
the UA and the GRS may be attempted through a common
channel or the allocated CNPC channel by the GRS which
receives a request for the communication channel setting
and connection establishment of the GCS or attempted by
the GRS which receives a request for the communication
channel setting and connection establishment of the UA
through a common channel.

The initially setting and the establishing of the commu-
nication connection may include requesting, by the GCS, the
access to the GRS, determining, by the GRS, whether the
GCS is valid to respond to the access acceptance to the valid
GCS, determining, by the GCS, whether the GRS is valid to
request the CNPC channel setting to the valid GRS, setting,
by the GRS, the CNPC channel and transmitting the setting
completion message to the GCS, requesting, by the GCS, the
CNPC communication link connection to the GRS, provid-
ing, by the GRS, channel allocation information and source
GCS ID information to the UA through the allocated CNPC
channel or the common channel and requesting the commu-
nication link connection, determining, by the UA, whether
the GRS and the GCS are valid to accept the communication
link connection to the valid GRS, and determining, by the
GRS, whether the UA which accepts the connection is valid
and accepting the communication link connection to the
GCS.

The initially setting and the establishing of the commu-
nication connection may include requesting, by the GCS, the
access to the GRS, determining, by the GRS, whether the
GCS is valid to respond to the access acceptance to the valid
GCS, determining, by the GCS, whether the GRS is valid to
request the CNPC channel setting to the valid GRS, setting,
by the GRS, the CNPC channel and transmitting the setting
completion message to the GCS, requesting, by the GCS, the
CNPC communication link connection to the GRS, request-
ing, by the GRS, the communication link connection to the
UA without providing the CNPC channel allocation infor-
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mation, determining, by the UA, whether the GRS is valid
to request the CNPC channel allocation information to the
valid GRS, determining, by the GRS, whether the UA
requesting the CNPC channel allocation information is valid
to provide the CNPC channel allocation information and the
source GCS 1D information to the valid UA, determining, by
the UA, whether the GCS is valid to accept the communi-
cation link connection to the GRS, and accepting, by the
GRS, the communication link connection to the GCS.

The initially setting and the establishing of the commu-
nication connection may include requesting, by the GCS, the
access to the GRS, determining, by the GRS, whether the
GCS is valid to respond to the access acceptance to the valid
GCS, determining, by the GCS, whether the GRS is valid to
request the CNPC channel setting to the valid GRS, setting,
by the GRS, the CNPC channel and transmitting the setting
completion message to the GCS, requesting, by the UA, the
CNPC communication link connection to the GRS through
the common channel, determining, by the GRS, whether the
UA is valid to provide the CNPC channel allocation infor-
mation to the valid UA through the common channel,
determining, by the UA, whether the GRS is valid to respond
to channel setting completion to the valid GRS through the
common channel or the allocation channel, requesting, by
the GRS, the CNPC communication link connection to the
GCS, determining, by the GCS, whether the UA is valid to
accept the link connection to the GRS, and accepting, by the
GRS, the link connection to the UA through the allocated
CNPC channel.

For any one of the GRS, the UA, and the GCS, or the
terminal of the pilot or the operation manager to communi-
cate with the other one among remaining components, a
transmission message may include identification informa-
tion thereof so as to be a basis for determining whether any
one is valid and the transmissions message may include
identification information of the other one so as for only the
other one which is a counter entity to verify related infor-
mation.

When the GCS requests the CNPC channel setting to the
GRS, the transmission message may include the allocation
channel information and the destination UA ID information,
when the GCS requests the CNPC communication link
connection to the GRS, the transmission message may
include the destination UA ID information, when the GRS
requests the CNPC communication link connection to the
UA, the transmission message may include the channel
allocation information, the source GCS ID information, and
the destination UA ID information, when the UA accepts the
connection to the GRS, the transmission message may
include the destination GCS ID information, when the GRS
accepts the connection to the GCS, the transmission mes-
sage may include the source UA ID information, when the
UA requests the link connection to the GRS, the transmis-
sion message may include the destination GCS ID informa-
tion, when the GRS requests the communication link con-
nection to the GCS, the transmission message may include
the source UA ID information, when the GCS accepts the
connection to the GRS, the transmission message may
include the destination UA ID information, or when the GRS
accepts the connection to the UA, the transmission message
may include the source GCS ID information.

Two or more common uplink and downlink frequency
channels may be designated and managed by the SA in order
to avoid interference among the GRSs which are simulta-
neously initially set, a common time slot may be designated
at an uplink frequency of multiple UA supporting GRSs, or
a common time slot may be designated at an uplink fre-
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quency of multiple UA supporting GRSs and two or more
common downlink frequency channels may be designated
and managed by the SA system in order to avoid the
interference among the GRSs which are simultaneously
initially.

An initial setting common channel may be set with a
minimum bandwidth among channel bandwidths which are
applicable at a center frequency of the allocated CNPC
channel regardless of the size of the bandwidth of the
allocated CNPC channel, or an initial setting common
channel may be set with not the number of time slots
allocated at an uplink frequency of the multiple UA sup-
porting GRSs but the minimum number of slots among the
number of applicable channel slots.

In the initially setting and the establishing of the com-
munication connection, a search range may be reduced
through energy detection and it may be verified whether the
channel is present with respect to an allocatable bandwidth,
the bandwidth and the time slot position, or the bandwidth
and the time slot number and the time slot position for each
center frequency allocatable within the reduced search
range, and as a result, the UA does not receive uplink
channel allocation information through the GRS or GCS, but
directly searches the frequency, the bandwidth, the time slot
number, or the time slot position through an uplink signal of
the GRS.

The initially setting and the establishing of the commu-
nication connection may include verifying, by the UA, a
channel list allocatable at a present position by referring to
the database to set a search candidate band when possessing
a GPS and a channel allocation database, performing the
energy detection in a full band or the search candidate band,
selecting the center frequency allocatable through the energy
detection, verifying whether the channel is present for each
uplink frequency bandwidth allocatable between the GRS
and the UA at the allocatable center frequency, and verifying
downlink channel information by veritfying whether infor-
mation of the UA itself is present in the verified channel.

The performing of the energy detection may include
designating an initial energy detection frequency window,
performing FFT for each designated frequency window,
performing the energy detection for each designated fre-
quency window, and verifying a frequency window in which
an energy sum with an adjacent frequency window is more
than a threshold value, and the selecting of the center
frequency may include sequentially selecting frequency
windows in an order in which the energy sum is the larger,
and reducing the search range to ranges of the selected
frequency window and the adjacent frequency window.

The method may include: after the reducing of the search
range, setting a frequency window considering an allocat-
able maximum bandwidth; selecting a window position
having a maximum energy value within the search range;
searching whether the frequency channel is present for each
allocatable center frequency in the vicinity of the selected
window position; determining whether the maximum energy
value is more than the threshold value and thereafter,
sequentially setting, when the maximum energy value is not
more than the threshold value, the windows sequentially
considering the corresponding bandwidth in the order in
which the allocatable bandwidth is the larger, and selecting
the window position having the maximum energy value
within the corresponding search range; verifying whether
the channel is present for each uplink frequency bandwidth
allocatable between the GRS and the UA for each allocat-
able center frequency; and verifying the downlink channel
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information by verifying whether the information of the UA
itself is present in the verified channel.

The initially setting and the establishing of the commu-
nication connection may further include verifying whether
there is the information of the UA itself in the verified
channel according to the presence of the channel, sequen-
tially setting, when the information of the UA itself is not
included, the windows considering the corresponding band-
width in the order in which the allocable bandwidth is the
larger, and selecting the window position having the maxi-
mum energy value within the corresponding search range,
reverifying whether the channel is present for each uplink
frequency bandwidth allocatable between the GRS and the
UA for each allocatable center frequency, and verifying the
downlink channel information by verifying whether the
information of the UA itself is present in the verified
channel.

The initially setting and the establishing of the commu-
nication connection may further include verifying whether a
channel having the maximum number of allocatable slots is
present in the verifying of the presence of the channel and
verifying whether there is the information of the UA itself in
the verified channel, reverifying whether the uplink channel
allocatable between the GRS and the UA is present sequen-
tially in the order in which the number of allocatable slots is
the larger when the information of the UA itself is not
included, and verifying the downlink channel information
by verifying whether the information of the UA itself is
present in the verified channel.

According to exemplary embodiments of the present
invention, a method for communication channel setting and
connection establishment in unmanned aircraft systems
(UAS) dynamically supports CNPC channel setting between
a ground radio station (GRS) and an unmanned aircraft (UA)
and CNPC link connection among a ground control system
(GCS), the ground radio station (GRS), and the unmanned
aircraft (UA), and as a result, a spectrum authority (SA) can
manage all frequencies without fixedly allocating all of the
frequencies to a specific CNPC system in real time and
dynamically allocates all of the frequencies only when
operating a UAS CNPC system and immediately recovers
after completing the operation of the UAS CNPC system to
allow another UAS CNPC system to reuse the frequencies,
thereby increasing limited CNPC frequency utilization.

The present invention can be applied even in a next-
generation upward TDMA or downward FDMA based
P2MP type UAS controlling communication system includ-
ing multiple UAS supporting GRSs as well as a P2P type in
the related art.

The exemplary embodiments of the present invention are
illustrative only, and various modifications, changes, substi-
tutions, and additions may be made without departing from
the technical spirit and scope of the appended claims by
those skilled in the art, and it will be appreciated that the
modifications and changes are included in the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a flowchart for describing a method for CNPC
manual channel setting and manual connection establish-
ment in a UAS according to an exemplary embodiment of
the present invention.

FIG. 1B is a continued flowchart of FIG. 1A.
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FIG. 2A is a flowchart for describing a method for CNPC
automatic channel setting and automatic connection estab-
lishment in a UAS according to an exemplary embodiment
of the present invention.

FIG. 2B is a continued flowchart of FIG. 2A.

FIG. 3Ais a flowchart for describing a P2P type automatic
initial setting method in the case of using a common channel
for initial CNPC channel setting in a UAS according to an
exemplary embodiment of the present invention.

FIG. 3B is a continued flowchart of FIG. 3A.

FIG. 4Ais a flowchart for describing a P2P type automatic
initial setting method in the case of using a CNPC channel
allocated for initial CNPC channel setting in a UAS accord-
ing to an exemplary embodiment of the present invention.

FIG. 4B is a continued flowchart of FIG. 4A.

FIG. 5A is a flowchart for describing a process in which
a UA searches an uplink frequency, a frequency bandwidth,
and a time slot in an initial CNPC channel process (P2P type
and P2MP type) in a UAS according to an exemplary
embodiment of the present invention.

FIG. 5B is a continued flowchart of FIG. 5A.

FIG. 5C is a continued flowchart of FIG. 5B.

FIG. 6 is a diagram for describing one example of a
method for implementing a spectrum authority (SA) system,
a ground control system (GCS), a ground radio station
(GRS), an unmanned aircraft (UA), and the like of a UAS
according to an exemplary embodiment of the present
invention.

It should be understood that the appended drawings are
not necessarily to scale, presenting a somewhat simplified
representation of various features illustrative of the basic
principles of the invention. The specific design features of
the present invention as disclosed herein, including, for
example, specific dimensions, orientations, locations, and
shapes will be determined in part by the particular intended
application and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present invention throughout the
several figures of the drawing.

DETAILED DESCRIPTION

Hereinafter, some exemplary embodiments of the present
invention will be described in detail with reference to the
exemplary drawings. When reference numerals refer to
components of each drawing, it is noted that although the
same components are illustrated in different drawings, the
same components are designated by the same reference
numerals as possible. In describing the exemplary embodi-
ments of the present invention, when it is determined that the
detailed description of the known components and functions
related to the present invention may obscure understanding
of the exemplary embodiments of the present invention, the
detailed description thereof will be omitted.

Terms such as first, second, A, B, (a), (b), and the like may
be used in describing the components of the exemplary
embodiments of the present invention. The terms are only
used to distinguish a component from another component,
but nature or an order of the component is not limited by the
terms. Further, if not contrarily defined, all terms used herein
including technological or scientific terms have the same
meanings as those generally understood by a person with
ordinary skill in the art. Terms which are defined in a
generally used dictionary should be interpreted to have the
same meaning as the meaning in the context of the related
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art, and are not interpreted as an ideal meaning or exces-
sively formal meanings unless clearly defined in the present
application.

All components required for all flight processes, which
include a control communication system such as take-off/
cruising, flight control, landing/recovery, and the like in
addition to an unmanned aircraft (alternatively, a mounted
radio station) which is a standalone communication system
are collectively referred to as an unmanned aircraft system
(hereinafter, referred to as UAS) or a remotely piloted
aircraft system (hereinafter, referred to as RPAS).

The UAS is constituted by unmanned aircraft ground
control equipment, an unmanned aircraft, and a data link and
the data link is a wireless data link between a ground radio
station and the unmanned aircraft and a UAS data link may
be generally divided into a UAS ground control and non-
payload communication (hereinafter, referred to as CNPC)
link and a UAS payload link.

The payload data link as a link for transmitting data
associated with payload execution generally has a wider
band than a CNPC data link. On the contrary, the CNPC link
as a link for transferring data associated with unmanned
aircraft flight control, UAS state monitoring, and CNPC link
management is constituted by a pilot/ATC relay link and a
UAS control link. The pilot/ATC relay link is a communi-
cation link for relaying voice and data between an air traffic
control (hereinafter, referred to as ATC) center and a pilot
through the unmanned aircraft and the UAS control link is
a link for transferring safety cruising associated control
information between the pilot and an unmanned aircraft. The
UAS control link may be redivided into a telecommand
(hereinafter, TC) link and a telemetry (hereinafter, referred
to as TM) link, and the TC link is an uplink for transferring
flight trajectory control information, and all UAS control
information required for safety flight, and the like from the
pilot on the groundto the unmanned aircraft and the TM link
is a downlink for transferring a position/altitude/speed of the
unmanned aircraft, an operation mode and an operation state
of the UAS, navigation assisted data, detection and avoid-
ance associated tracking/weather radar/image information
from the unmanned aircraft to the pilot on the ground.

As a frequency for an unmanned ground CNPC link, a C
(5030 to 5091 MHz) band distributed to a new dedicated
band is primarily considered in WRC-12 and besides, an
aviation movement business distributed band such as an L
(960 to 1164 MHz) band in which a reference is provided so
as to be used as an aviation movement business in the
WRC-12 may be considered. The C band is advantageous in
that a frequency jamming influence with the system in the
related art and multi-path delay spread are small, while it is
disadvantageous in that using a directional antenna needs to
be considered in order to secure a link margin and a Doppler
influence is five times larger than that of the L band.
Contrary to this, a low-frequency band distributed to other
aviation movement business, such as the L band has a better
propagation characteristic than the C band (the L band has
lower propagation loss than the C band by 14 dB), but
existing aviation systems including distance measurement
equipment (DME), automatic dependent surveillance—
broadcast (ADS-B), a tactic air navigation system (TA-
CAN), and the like are crowdedly operated, and as a result,
it is difficult to secure the frequency and the multi-path delay
spread is large. Therefore, in general, a presecured C band
is considered as a base link of the ground CNPC and a
low-frequency band (L. or UHF band) is anticipated to be
used for increasing CNPC link availability for safe flight of
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the unmanned aircraft. Of course, the C band and the L. band
may be used reversely thereto.

Next, a ground CNPC link connection type includes a
point-to-point (P2P) type and a network based point-to-
multipoint (P2MP) type. The P2P type as a concept in which
one ground control station (hereinafter, referred to as GCS)
directly forms a data communication link with the
unmanned aircraft (UA) (alternatively, a standalone com-
munication system) is a type primarily considered in the
existing unmanned aviation system. A channel for the CNPC
needs to be allocated in order to operate the UAS CNPC
system and in the existing P2P type CNPC system, however,
a spectrum authority (hereinafter, referred to as SA) (sys-
tem) is fixedly allocated with the channel at the time of
registering the UAS CNPC system for a long time (in
general, 1 year or longer). As a result, in the existing P2P
CNPC system, when communication configuration is per-
formed once at an initial stage, the communication configu-
ration need not be changed.

On the contrary, a network based P2MP type is a type in
which ground radio stations (hereinafter, referred to as GRS)
are connected to interlock with each other on a network and
each GCS exchanges information with the unmanned air-
craft through a ground network and the GRS. For application
and extension of public and private aircrafts, the P2MP type
which may form a communication link together with mul-
tiple aircrafts and a nationwide network needs to be con-
sidered as a next-generation CNPC link and a related
technology regarding the P2MP type UAS CNPC system has
not yet been complete.

Therefore, a communication technology for efficiently
using unmanned controlling communication frequency
resources which may be all applied in the existing CNPC
system and a next-generation CNPC system supporting the
multiple unmanned aircrafts so as to efficiently operate the
multiple unmanned aircrafts in a limited unmanned aircraft
control dedicated frequency band is required for stable
operation of the unmanned aircraft and extension of the
demand of the unmanned aircraft.

The present invention has been made in an effort to
provide a method for communication channel setting and
connection establishment in a new UAS CNPC system,
which may dynamically allocate to a channel an unmanned
aircraft controlling communication frequency resource
which may efficiently operate the multiple aircrafts in the
limited unmanned aircraft control dedicated frequency band
in a national airspace and be applied even to a next-
generation upward TDMA/downward FDMA based P2MP
type CNPC system including multiple unmanned aircraft
supporting GRSs as well as the existing P2P type, for the
stable operation of the unmanned aircraft and the extension
of the demand of the unmanned aircraft. That is, the present
invention has been made in an effort to provide a method for
setting a UA controlling communication channel between a
ground radio station (GRS) and an unmanned aircraft (UA),
which is used for supporting dynamic allocation and man-
agement of a UA controlling communication channel and a
procedure for establishing connection of a UA controlling
communication channel among a ground control system
(GCS), the ground radio station (GRS), and the unmanned
aircraft (UA).

To this end, dynamic channel allocation and management
is required, which allows the spectrum authority (SA) to
dynamically allocate the frequency only when operating the
UAS CNPC system while managing all frequencies in real
time without fixedly allocating a specific frequency to a
specific CNPC system and recover the allocated frequency
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immediately after completing the operation to reuse the
frequency in other UAS CNPC systems and in such an
environment, the UAS CNPC system of the present inven-
tion may support the dynamic channel allocation and man-
agement.

In the method for communication channel setting and
connection establishment in the unmanned aircraft system
(UAS) of the present invention, the unmanned aircraft
CNPC system is primarily described, but the method may be
applied even to other systems having a similar operation
concept to the unmanned CNPC system. Further, a proposal
scheme is proposed by considering the dynamic channel
allocation and management, but may be similarly applied to
static channel allocation and management.

In the unmanned aircraft CNPC system of the present
invention, initial channel setting for a CNPC channel (in-
cluding the frequency, a channel bandwidth, and even a time
slot in the case of the P2MP type) to be used between the
ground radio station (GRS) and the unmanned aircraft (UA),
which is dynamically allocated from the spectrum authority
(SA) is required after the unmanned aircraft flies. As an
initial setting process of the communication channel before
the flight of the unmanned aircraft CNPC system, an autono-
mous setting scheme and a manual setting scheme may be
considered.

First, CNPC manual channel setting of the ground radio
station (GRS) and the unmanned aircraft (UA), which sup-
ports the dynamic channel allocation and management for
efficiently using a limited unmanned aircraft controlling
spectrum and a method and a procedure of CNPC manual
connection establishment among the ground control system
(GCS), the ground radio station (GRS), and the unmanned
aircraft (UA) are described. The manual setting scheme is a
scheme in which a pilot directly sets radio resource infor-
mation to be used in the unmanned aircraft (UA) in the
unmanned aircraft (UA). The channel setting of the ground
radio station (GRS) is performed through the ground control
system (GCS) and as the channel setting of the unmanned
aircraft (UA), various schemes including a scheme that
directly sets the channel through the ground control system
(GCS) or a scheme in which the pilot or an operation
manager receives information to be input into the unmanned
aircraft (UA) from the ground control system (GCS) and
directly sets the information in the unmanned aircraft (UA)
may be considered. For example, a scheme that directly
performs communication setting in the unmanned aircraft
(UA) through a wireless network such as WiFi, Bluetooth, or
existing LTE by using a CNPC setting program installed in
a smart phone or a personal computer (PC) and a scheme
that directly inputs the information through an input device
mounted on the unmanned aircraft (UA) may also be con-
sidered. The manual setting scheme may be a scheme that
may operate by a simple protocol because the pilot may
directly input the information in the unmanned aircraft (UA)
and verify the input information only by a simple acknowl-
edgement (ACK). However, the pilot or operation manager
who will manually perform the communication setting needs
to stand by in the vicinity of the unmanned aircraft (UA).

FIG. 1A is a flowchart for describing a method for CNPC
passive channel setting and passive connection establish-
ment in a UAS according to an exemplary embodiment of
the present invention. FIG. 1B is a continued flowchart of
FIG. 1A. FIGS. 1A and 1B show a CNPC manual channel
setting procedure of a ground radio station (GRS) and an
unmanned aircraft (UA) before the unmanned aircraft (UA)
takes off and a CNPC manual connection establishment
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procedure among a ground control system (GCS), the
ground radio station (GRS), and the unmanned aircraft
(UA).

A scenario may be considered, in which the ground
control system (GCS) requests setting of a channel allocated
from a spectrum authority (SA) to the ground radio station
(GRS) and requests the channel setting to the unmanned
aircraft (UA) after receiving a response to the setting.

The spectrum authority (SA) may allocate one set channel
(one primary channel or one primary channel and one
backup channel) to be used in the ground control system
(GCS) and the ground radio station (GRS) and in this case,
corresponding base information (a CNPC characteristic, an
operation position, an antenna pattern, and the like) is
registered and managed in the spectrum authority (SA)
together with identification information of the ground con-
trol system (GCS) and the ground radio station (GRS) (110).

First, for the channel setting, the ground control system
(GCS) makes an access request to the ground radio station
(GRS) through non-CNPC links such as WiFi, LTE, Blu-
etooth, Ethernet, and the like together with information
(GCS identification information) through which the ground
radio station (GRS) may identify whether the GCS is valid.
Herein, the GCS identification information may become a
phone number, a medium access control (MAC) address, an
identifier (ID), and the like. The ground radio station (GRS)
determines whether the GCS which makes the access
request is the valid GCS (115) and when the GCS is valid,
the ground radio station (GRS) makes an access acceptance
response together with the identification information (GRS
identification information) thereof through the non-CNPC
link. The ground control system (GCS) determines whether
the GRS is valid based on the GRS identification informa-
tion included in an acceptance response message of the GRS
(120) and thereafter, when the GRS is valid, CNPC channel
information allocated from the SA, destination unmanned
aircraft identification information, and the like are trans-
ferred to the GRS through the non-CNPC link together with
the GCS identification information/GRS identification infor-
mation to request 1 set of CNPC channel setting. The ground
radio station (GRS) sets a channel for a destination
unmanned aircraft and a CNPC based on the transferred
information (125) and thereafter, transfers a setting comple-
tion message to the GCS through the non-CNPC link.

A direct setting scheme is performed through the ground
control system (GCS) or a pilot or an operation manager
performs such a procedure even with respect to the
unmanned aircraft (UA), and as a result, the UA also
performs the channel setting for the CNPC with the GRS
through the CNPC channel allocated to the GCS (130 to
145). That is, the access request is made to the unmanned
aircraft (UA) through the non-CNPC links such as WiFi,
LTE, Bluetooth, Ethernet, and the like together with infor-
mation (GCS identification information) to identify whether
the GCS is valid by using the ground control system (GCS)
or a terminal of the pilot or the operation manager (130). The
unmanned aircraft (UA) determines whether the GCS or the
pilot or operation manager (terminal) which makes the
access request is valid (135) and when the GCS or the pilot
or operation manager (terminal) is valid, the UA makes the
access acceptance response together with the identification
information thereof (UA identification information) through
the non-CNPC link. The ground control system (GCS) or the
pilot or operation manager (terminal) determines whether
the UA is valid based on the UA identification information
included in the acceptance response message of the UA
(140) and thereafter, when the UA is valid, the CNPC
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channel information allocated from the SA, GPS identifica-
tion information and the like are transferred to the UA
through the non-CNPC link together with the GCS identi-
fication information/UA identification information. The UA
sets the channel for the destination unmanned aircraft and
the CNPC based on the transferred information (145) and
thereafter, transfers the setting completion message to the
GCS through the non-CNPC link.

As described above, the GCS may access the GRS earlier,
but the GCS accesses the UA earlier to complete the CNPC
channel setting of the UA earlier and the GCS may perform
the CNPC channel setting process of each of the GRS and
the UA by simultaneously accessing the GRS and the UA.

As described above, when the CNPC channel setting is
completed, the GCS, the GRS, and the UA need to be
CNPC-connected. Since the GCS, the GRS, and the UA
have already acquired the identification information among
them during the CNPC channel setting process in advance,
the GCS, the GRS, and the UA attempt the CNPC-connec-
tion by using the same. The GCS or UA may perform a
CNPC connection request as illustrated in FIG. 1B.

First, for the CNPC connection, when the ground control
system (GCS) attempts the connection request, the ground
control system (GCS) transfers destination UA information
together with the GCS identification information while
making the CNPC connection request to the GRS through
the non-CNPC link. The GRS transfers source GCS identi-
fication information together with the GRS identification
information/UA identification information while making the
connection request to a destination UA through the set
CNPC channel link according to the connection request of
the GCS. After the UA verifies whether the GCS and GRS
which request the CNPC connection are valid based on the
corresponding identification information (150), when the
UA transfers a CNPC connection acceptance to the GRS
(including the UA identification information, the GRS iden-
tification information, and the GCS identification informa-
tion) and the GRS transfers the CNPC connection accep-
tance to the GCS (including the UA identification
information and the GPS identification information), the
CNPC connection among the GCS, the GRS, and the UA is
completed and unmanned aircraft controlling communica-
tion may start (155).

Similarly, a case in which the UA attempts the CNPC
connection request is progressed in a similar scheme to the
case in which the GCS attempts the connection request as
described above. That is, for the CNPC connection, when
the UA attempts the connection request, the UA transfers
destination GCS information together with the UA identifi-
cation information while making the CNPC connection
request to the GRS through the set CNPC channel link. The
GRS transfers the UA identification information together
with the GRS identification information/GCS identification
information while making the connection request to the GCS
through the non-CNPC link according to the connection
request of the UA. After the GCS verifies whether the UA
and the GRS which request the CNPC connection are valid
based on the corresponding identification information (160),
when the GCS transfers the CNPC connection acceptance to
the GRS (including the UA identification information, the
GRS identification information, and the GCS identification
information) and the GRS transfers the CNPC connection
acceptance to the UA (including the GCS identification
information, the UA identification information, and the GRS
identification information), the CNPC connection among the
GCS, the GRS, and the UA is completed and the unmanned
aircraft controlling communication may start (165).
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The scheme of FIGS. 1A and 1B may be applied to both
the P2P type and P2MP type CNPC systems. In FIGS. 1A
and 1B, “w.t. ~identification information” is information
required for verifying who transmits the connection request
at a receiver side and its own GCS/GRS/UA identification
information (“w.t. ~identification information”) included
together with the allocation channel and CNPC destination
GCS/GRS/UA identification information (“w.t. ~identifica-
tion information”) is information included so as for only a
receiver which knows the included identification informa-
tion (“w.t. ~identification information™) to verify transmis-
sion information. In general, the connection request may be
performed in such a manner that allows a transmitter to
encrypt and transmit the connection request based on the
identification information (“w.t. ~identification informa-
tion”) and only a receiver which knows the identification
information (“w.t. ~identification information™) to decode
the connection request. In the case where a security of a link
among the GCS, GRS, and the UA has been already secured,
the identification information (“w.t. ~identification informa-
tion”) may not be included.

FIG. 2A is a flowchart for describing a method for CNPC
automatic channel setting and automatic connection estab-
lishment in a UAS according to an exemplary embodiment
of the present invention. FIG. 2B is a continued flowchart of
FIG. 2A. FIGS. 2A and 2B show a CNPC autonomous
channel setting procedure of a ground radio station (GRS)
and an unmanned aircraft (UA) before the unmanned aircraft
(UA) takes off and a CNPC autonomous connection estab-
lishment procedure among a ground control system (GCS),
the ground radio station (GRS), and the unmanned aircraft
(UA).

An autonomous setting scheme is a scheme that transfers
to the UA the frequency band (channel) and the bandwidth
allocated to the UA through the UA CNPC system. That is,
during the channel and bandwidth setting process among the
GRS and the UA, intervention by the pilot or operation
manager is not required.

The spectrum authority (SA) may allocate one set channel
(one primary channel or one primary channel and one
backup channel) to be used in the ground control system
(GCS) and the ground radio station (GRS) and in this case,
corresponding base information (a CNPC characteristic, an
operation position, an antenna pattern, and the like) is
registered and managed in the spectrum authority (SA)
together with identification information of the ground con-
trol system (GCS) and the ground radio station (GRS) (210).

First, for the autonomous channel setting, the ground
control system (GCS) makes an access request to the ground
radio station (GRS) through non-CNPC links such as WiF1i,
LTE, Bluetooth, Ethernet, and the like together with infor-
mation (GCS identification information) through which the
GRS may identify whether the GCS is valid similarly to the
manual setting scheme. Herein, the GCS identification infor-
mation may become a phone number, a medium access
control (MAC) address, an identifier (ID), and the like.
When the GCS which makes the access request is valid
(215), the GRS makes the access acceptance response
together with the identification information (GRS identifi-
cation information) thereof through the non-CNPC link. The
GCS determines whether the GRS is valid based on the GRS
identification information included in the acceptance
response message of the GRS (220) and thereafter, transfers
the CNPC channel information and the destination UA
identification information allocated from the SA to the GRS
through the non-CNPC link together with the GCS identi-
fication information. The GRS sets the channel for the
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destination unmanned aircraft (UA) and a CNPC based on
the transferred information (225) and thereafter, transfers the
setting completion message to the GCS.

Next, the CNPC channel setting of the UA and the
connection setting among the GCS, the GRS, and the UA are
autonomously set through the CNPC link between the GRS
and the UA unlike manual setting. In the CNPC connection
setting between the GRS and the UA, the GRS may attempt
the connection request earlier and the UA may attempt the
connection request earlier.

For the CNPC channel setting and CNPC autonomous
connection, when the ground control system (GCS) attempts
the channel setting and connection request, the ground
control system (GCS) transfers the destination UA informa-
tion together with the GCS identification information while
making the CNPC connection request to the GRS through
the non-CNPC link (230).

When the GRS makes the connection request (including
channel allocation information) to the UA (235), the GRS
makes the connection request by transferring the CNPC
channel information and the source GCS identification infor-
mation allocated to the UA together with the GRS identifi-
cation information/UA identification information to the des-
tination UA. In this case, the connection request may be
made through the CNPC allocation channel received from
the GCS or a predetermined CNPC common channel which
all GRSs and UAs may access is designated to make the
connection request through the channel. As described below,
when the received CNPC allocation channel is used, since
the UA does not know uplink information of the received
allocation channel, a process of searching an uplink channel
is first required so as for the UA to receive related informa-
tion. When the connection request is made while including
the channel allocation and the source GCS information, only
the corresponding UA needs to be allowed to verify the
information.

After the UA verifies whether the GCS and the GRS
which request the CNPC connection are valid based on the
corresponding identification information (240), when the
UA transfers the CNPC connection acceptance to the GRS
(including the UA identification information, the GRS iden-
tification information, and the GCS identification informa-
tion) and the GRS determines whether the corresponding
UA is valid (245) and thereafter, transters the CNPC con-
nection acceptance to the GCS (including the UA identifi-
cation information and the GRS identification information),
the GCS determines whether the corresponding UA is valid
(250) and thereafter, the CNPC connection among the GCS,
the GRS, and the UA is completed and the unmanned
aircraft controlling communication may start (255).

When the GRS does not include the channel allocation
information at the time of making the connection request
(235), it is verified whether the UA and the GRS first verifies
whether the UA and the GRS are valid each other through
the CNPC common channel (260 and 265).

Thereafter, the GRS provides the allocated CNPC channel
information and source GCS identification information to
the destination UA together with the GRS identification
information/UA identification information. Herein, when the
CNPC allocation frequency channel is used, the destination
UA identification information and downlink allocation chan-
nel information used so as for the UA to request the
allocation channel information to the GRS are also provided.
Thereafter, after the UA verifies whether the GCS is valid
with respect to the CNPC connection request based on the
corresponding 1D information (270), when the UA transfers
the CNPC connection acceptance to the GRS (including the
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UA identification information, the GRS identification infor-
mation, and the GCS identification information) and the
GRS transfers the corresponding acceptance to the GCS
(including the UA identification information and the GRS
identification information), the GCS determines whether the
corresponding UA is valid (275) and thereafter, the CNPC
connection among the GCS, the GRS, and the UA is
completed and the unmanned aircraft controlling commu-
nication may start (280).

On the contrary, when the UA attempts the CNPC channel
setting and connection request to the GRS, since the UA may
not know the allocated channel information, the UA uses a
common channel which all GRSs and UAs may access. For
the CNPC connection, when the UA attempts the connection
request, the UA transfers the UA identification information.
The GRS compares the identification information of the UA
which makes the connection request and the identification
information of the destination UA received from the GCS to
determine whether the UA is valid (285) and thereafter,
provides the channel allocation information and source GCS
information to the corresponding UA through the uplink
common frequency channel. In this case, a transmission
message (signal) may include the destination UA identifi-
cation information so as for only the corresponding UA to
verify related information such as transferred information,
and the like. The UA determines whether the GRS is valid
(290) and thereafter, notifies the CNPC channel setting
completion to the GRS through a downlink CNPC allocation
channel (alternatively, the common channel) based on the
received channel allocation information (including the UA
ID information, the GRS ID information, and the GCS 1D
information). The GRS receives channel setting completion
information from the UA and thereafter, makes the CNPC
connection request to the GCS through the non-CNPC link
similarly in the manual setting. After the GCS verifies
whether the UA and the GRS which request the CNPC
connection are valid based on the corresponding identifica-
tion information (295), when the GCS transfers the CNPC
connection acceptance to the GRS (including the UA iden-
tification information, the GRS identification information,
and the GCS identification information) and the GRS trans-
fers the CNPC connection acceptance to the UA (including
the GCS identification information, the UA identification
information, and the GPS identification information), the
UA determines whether the GRS is valid (298) and there-
after, the CNPC connection among the GCS, the GRS, and
the UA is completed and the unmanned aircraft controlling
communication may start (299).

The scheme of FIGS. 2A and 2B may be applied to both
the P2P type and P2MP type CNPC systems. In FIGS. 2A
and 2B, “w.t. identification information” is information,
which is required for verifying who transmits the identifi-
cation information at a receiver side and the GCS/GRS/UA
information (“w.t. identification information”) included
together with the allocation channel and CNPC destination
GCS/GRS/UA information (“w.t. identification informa-
tion”) is information included in the transmission message
(signal) so as for only a receiver which knows the corre-
sponding identification information (“w.t. identification
information”) to verify transmission information. In general,
the connection request may be performed in such a manner
that allows a transmitter to encrypt and transmit the con-
nection request based on the identification information and
only a receiver which knows the identification information
to decode the connection request. In the case where the
security of the link among the GCS, GRS, and the UA
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entities has been already secured, the identification infor-
mation (“w.t. identification information”) may not be
included.

In the scheme of FIGS. 2A and 2B, as a CNPC commu-
nication link which the GRS uses for initially autonomously
setting the communication with the UA before take-off
regardless the GCS before the UA takes off, a method using
the CNPC common channel and a method using the CNPC
allocation channel received from the GCS may be consid-
ered.

In the P2P type, as the CNPC common channel, a UA
initially setting CNPC common frequency channel may be
designated. In this case, in order to avoid common channel
interference among the GRSs which are simultaneously and
initially set, two or more common channels (uplink/down-
link frequency channel) may be designated and managed by
the SA. In the P2MP type, the CNPC common channel may
designate a common time slot at a GRS uplink frequency for
initially setting the UA and designate the common time slot
at the GRS uplink frequency for initially setting the UA and
a CNPC common downlink frequency channel. In this case,
in order to avoid the common channel interference among
the GRSs which are simultaneously and initially set, two or
more common downlink frequency channels may be desig-
nated and managed by the SA. That is, in order to avoid the
interference among the GRSs which are simultaneously and
initially set, two or more common uplink and downlink
frequency channels are designated or managed by the SA
system, the common time slot is designated at the uplink
frequency of the multiple UA supporting GRSs, or the
common time slot is designated at the uplink frequency of
the multiple UA supporting GRSs and simultaneously, two
or more common downlink frequency channels may be
designated and managed by the SA system in order to avoid
the interference among the GRSs which are simultaneously
and initially set.

On the contrary, when the CNPC allocation channel
received from the GCS is used, a process of searching the
allocation uplink/bandwidth/time slot (in the case of the
P2MP) is required so as for the UA to verify the connection
request of the GRS. When the CNPC allocation channel is
used in the P2P type, the allocation frequency channel
bandwidth may be used as it is and the minimum bandwidth
may be used only in initial setting. When the allocation
frequency channel bandwidth may be used as it is, frequency
search and channel bandwidth search are required, while the
frequency search is just performed when the minimum
bandwidth is used only in the initial setting. When the CNPC
allocation channel is used in the P2MP type, a method using
the allocation time slot as it is and a method using the
minimum time slot only while the initial setting may be
considered. When the allocation time slot is used as it is, the
frequency/channel bandwidth search and searching the num-
ber of allocation time slots and the positions thereof are
required, while when the minimum time slot number is used,
only the time slot position is just searched together with the
frequency/channel bandwidth search. That is, the initial
setting common channel may be set with the minimum
bandwidth among channel bandwidths allocatable at the
center frequency of the allocated CNPC channel regardless
of the bandwidth size of the allocated CNPC channel or the
initial setting common channel may be set with not the
number of time slots allocated at the uplink frequency of the
multiple UA supporting GRSs but the minimum slot number
among the number of allocatable channel slots.

FIG. 3A is a flowchart for describing a P2P type automatic
initial setting method in the case of using a common channel
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for initial CNPC channel setting in a UAS according to an
exemplary embodiment of the present invention. FIG. 3B is
a continued flowchart of FIG. 3A.

In the case of the P2P type, for allocation of the common
channel for the initial setting to the respective GRSs, the SA
designates a specific common channel for each airspace
volume based on a frequency reuse plane in an entire
airspace and the GRS in the airspace volume performs initial
setting with the UA by using a designated specific common
channel. In this case, when a plurality of GRSs in the same
airspace volume uses the same specific common channel in
order to simultaneously attempt the initial setting, interfer-
ence may occur, and as a result, two or more specific
common channels are set per airspace volume to allow each
GRS to randomly select the specific common channel,
thereby avoiding the interference. As another method, the
interference may be avoided by a scheme in which the SA
allocates and recovers the common channels for each GRS
which initially sets the common channels like channel
allocation and management for the CNPC.

Information on the specific common channel which may
be used in the airspace volume is included in a database
(DB) of the SA, the GCS may verify the common channel
information which may be used by accessing the SA (310),
and designate even the common channel information to be
used when the SA allocates the CNPC channel and notify the
designated common channel information to the GRS
through the GCS (315). When the GRS uses the specific
common channel, the UA needs to search the specific
common channel used by the GRS for initial setting of the
CNPC link between the GRS and the UA. Since a fixed
channel bandwidth is used as the specific common channel,
the UA searches only the frequency for the specific common
channel.

Processes of FIGS. 3A and 3B are similar to those of
FIGS. 2A and 2B, however, in order for the UA to search the
frequency for the specific common channel, processes
including frequency search after the GRS requests the link
connection when there is allocated channel information
(330), frequency search after the GRS requests the link
connection when there is no allocated channel information
(355), verifying the allocation channel information after
determining whether the GCS is valid (375), frequency
search before the UA requests the CNPC link connection
(390), verifying the allocation channel information after
determining whether the GRS is valid (395), and the like are
added. Herein, in mutual communication such as the
request, the acceptance, and the like of the CNPC link
connection in the UA/GRS, the common channel is used,
however, after the allocation channel is set as the UA verifies
the allocation channel information (375/395), the corre-
sponding allocated CNPC channel is used as the common
channel in UA-GRS communication.

In FIGS. 3A and 3B, remaining processes of 335, 340,
345, 350, etc., are similar to processes of 240, 245, 250, 255,
etc., in FIGS. 2A and 2B.

FIG. 4Ais a flowchart for describing a P2P type automatic
initial setting method in the case of using a CNPC channel
allocated for initial CNPC channel setting in a UAS accord-
ing to an exemplary embodiment of the present invention.
FIG. 4B is a continued flowchart of FIG. 4A. FIG. 4A
illustrates CNPC channel connection establishment for the
connection request in the GRS in the case of using the initial
setting channel among the CNPC channels and FIG. 4B
illustrates CNPC channel connection establishment for the
connection request in the GRS in the case of using the CNPC
channel bandwidth.
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The spectrum authority (SA) may allocate the CNPC
channel (including the initial setting channel) to be used in
the GCS and the GRS and manage the allocated CNPC
channel in the database (DB), the GCS may verify the CNPC
channel (including the initial setting channel) which may be
used by accessing the SA (410), and the SA may notify the
CNPC channel (including the initial setting channel) to the
GRS through the GCS when allocating the CNPC channel
(415).

The process of FIG. 4A and the process of FIG. 4B are
similar to the CNPC channel connection establishment pro-
cesses 310 to 385 for the connection request in the GRS
during the process of FIG. 3A/3B, respectively.

However, when the initial setting channel of the CNPC
channel of FIG. 4A is used, processes including frequency
search after the GRS requests the link connection when there
is allocated channel information (430), frequency search
after the GRS requests the link connection when there is no
allocated channel information (455), verifying the allocation
channel information after determining whether the corre-
sponding GCS is valid (475), and the like are added in order
for the UA to search the frequency. Herein, in the mutual
communication such as the request, the acceptance, and the
like of the CNPC link connection in the UA/GRS, the initial
setting channel is used, however, after the allocation channel
is set as the UA verifies the allocation channel information
(375), the corresponding allocated CNPC channel is used in
the UA-GRS communication. In FIG. 4A, remaining pro-
cesses of 435, 440, 445, 450, etc., are similar to the pro-
cesses of 335, 340, 345, 350, etc., in FIG. 3A/3B.

When the bandwidth of the CNPC channel of FIG. 4B is
used, processes including frequency search after the GRS
requests the link connection when there is allocated channel
information (490), frequency search after the GRS requests
the link connection when there is no allocated channel
information (495), verifying the allocation channel informa-
tion after determining whether the GCS is valid (499), and
the like are added in order for the UA to search the
frequency. Herein, in the mutual communication such as the
request, the acceptance, and the like of the CNPC link
connection in the UA/GRS, the corresponding allocated
CNPC channel is used. In FIG. 4B, remaining processes of
491, 492, 493, 494, etc., are similar to the processes of 335,
340, 345, 350, etc., in FIG. 3A/3B.

As such, in the case of performing initial setting by using
the CNPS channel received between the GRS and the UA,
the UA does not know the received channel information.
Thus, when the allocation channel used by the GRS needs to
be searched, in the case where many types of allocation
channels are present, the GRS needs to research simultane-
ously the allocation frequency and the allocation bandwidth
by considering the many types of allocation channels and
thus the searching time may be increased. In order to reduce
the searching time, in the initial setting, as illustrated in FI1G.
4A, an initial setting channel having a bandwidth which is
not larger than an allocable bandwidth other than the allo-
cated bandwidth may be fixedly used. For example, in the
case of RTCA MOPS Baseline Radio, in the uplink, three
data classes are present and the data classes have channel
bandwidths of 30/60/90 kHz, respectively. In this case,
regardless of the size of the bandwidth that receives the
initial setting channel, an initial setting channel of 30 kHz
Data Class]l having a minimum bandwidth at a central
frequency of the allocated CNPC channel may be created.
Since the initial setting channel bandwidth is smaller than
any allocated channel bandwidth and thus the effect of the
interference considered when the SA allocates the channel is
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small, it is determined that there is no problem in utilization.
In this case, the UA knows the channel bandwidth and thus
searches only the frequency to reduce the searching time.

As illustrated in FIG. 4B, in the case of using the
allocation channel bandwidth as it is, the UA needs to notify
the downlink allocation channel capable of requesting the
channel allocation information when the allocation informa-
tion is not included at the time of making the connection
request. In the case of using the CNPC allocation bandwidth,
unlike the case of using the common channel, only when the
UA acquires the downlink channel information through the
uplink, the UA may know the downlink allocation channel
and thus the UA may not first request the connection.

Meanwhile, the initial automatic setting process in the
P2MP type is similar to the P2P type, but some differences
are present as follows. First, in the case of the uplink
common channel in the P2MP type initial automatic setting
process using the common channel for the initial setting, the
P2MP type GRS has already been allocated with the uplink
frequency from the SA and communicates with other UAs
through the allocated uplink frequency, and thus it is difficult
to use another uplink common frequency. Accordingly, in
the uplink common channel in the P2MP type, a specific slot
in the uplink frequency used by the P2MP type GRS is used
as the common channel. In the case of the downlink com-
mon channel, like the P2P type, the common frequency
channel is assigned under the SA management.

On the other hand, in the case of the P2MP type automatic
initial setting process using the allocated CNPC channel for
the initial setting, the UA also needs to search locations and
the number of allocation slots together with the searching of
the allocation frequency and the allocation bandwidth. In the
case of radio technical commission for aeronautics (RTCA)
minimum operational performance standards (MOPS) base-
line radio, 8 channel bandwidths are present, three allocable
slots are present in each bandwidth, and a plurality of
allocation slot positions are present according to the channel
bandwidth, and thus it is expected that the searching time of
the CNPC allocation channel will be increased compared
with that of the P2P type. Accordingly, even in the P2MP
type, in order to reduce the searching time, at the time of the
initial setting, the initial setting channel having the number
of'slots which is not larger than the number of allocable slots
other than the number of received time slots may be fixedly
used. For example, in the case of the RTCA MOPS baseline
radio, in the uplink, three data classes are present and the
data classes have the time slot number of 1, 2, and 3,
respectively. In this case, regardless of the time slot number
that receives the initial setting channel, an initial setting
channel of 1 slot data class 1 having a minimum number of
slots may be created at a middle position among the allo-
cated CNPC time slots. Since the number of initial setting
time slots is smaller than the number of allocated time slots
of any channel, the effect of interference considered when
the SA allocates the slots is small and thus it is determined
that there is no problem in utilization. In this case, the UA
knows the time slot number and searches only a central
frequency, a bandwidth, and a slot location to reduce the
searching time. As a result, the initial automatic setting
procedure of the P2MP type CNPC system represents the
same procedure as a case of changing the frequency search-
ing to the frequency/bandwidth searching in the initial
automatic setting process of the P2P type CNPC system or
changing the frequency and bandwidth searching to fre-
quency/bandwidth/slot number/slot location or the searching
of frequency/bandwidth/slot location searching. That is, by
reducing the searching range through energy detection and

10

15

20

25

30

35

40

45

50

55

60

65

20

verifying the presence of the channels with respect to the
allocable bandwidth, the bandwidth and the time slot loca-
tion, or the bandwidth, the time slot number, and the time
slot location for each central frequency allocable in the
reduced searching range, the UA may directly search the
frequency, the bandwidth, the time slot number, and the time
slot location through the uplink signal of the GRS without
receiving the uplink channel allocation information through
the GRS or the GCS.

As a method for reducing the searching time in the P2P
type and the P2MP type, in the case where the UA may use
the GPS information and has the CNPS frequency utilization
DB in the national airspace, a candidate CNPC bandwidth
list is selected at the UA location by using the CNPC
frequency utilization DB to have the priority for the search-
ing frequency band, thereby reducing the searching time. If
not, the UA needs to blind-search the CNPC entire band.

FIG. 5A is a flowchart for describing a process in which
a UA searches an uplink frequency, a frequency bandwidth,
and a time slot in an initial CNPC channel process (P2P type
and P2MP type) in a UAS according to an exemplary
embodiment of the present invention. FIG. 5B is a continued
flowchart of FIG. 5A. FIG. 5C is a continued flowchart of
FIG. 5B.

In order to reduce the searching time, when the UA has the
GPS and has the channel allocation DB of the frequency (a
primary channel and the like) list acquired in the SA, the
frequency list (the searching candidate band) which may be
allocated in an area where the current UA is located through
the GPS and the like may be verified through the DB (510).

If the UA knows that the GRS forming the CNPC link is
the P2P type or the P2MP type (for example, in the case of
pre-setting), only the allocable CNPC channel form is
searched according to the P2P type and the P2MP type. In
the case where it is not known whether the GRS is the P2P
type or the P2MP type (for example, in the case of non-
presetting), the UA first searches the allocable CNPC chan-
nel (the searching candidate band) for the P2P type in which
the number of allocable channel forms is small (see FIG.
5A). However, in some cases, the UA may first search the
allocable CNPC channel form for the P2MP type (see FIG.
5B/50).

First, referring to FIG. 5A, with respect to the P2P type of
the GRS, the UA starts energy detection for the energy (the
signal size) of the receiving signal for previously known
candidate bands, with respect to the entire band for the
CNPC in the case of the blind detection, in order to reduce
the searching range. The UA designates a window by a
bandwidth unit in the initial energy detection (515), takes
fast Fourier transform (FFT) for each frequency bandwidth
window in order to show a frequency domain signal char-
acteristic (520), and then performs energy detection for each
frequency bandwidth window in the frequency domain
(525). Herein, the window size is larger than the allocable
unit channel bandwidth of the GRS.

Next, since the signal of the GRS may be present through-
out two adjacent windows, the detection energy sum of the
adjacent window and the current window exceeds a thresh-
old value to find the window location in the current window.
In this case, the window is sequentially selected from the
window location where the energy sum is large (535), and
the searching range is reduced to the adjacent window to the
corresponding window (540). In addition, within the
reduced searching range, a frequency bandwidth window is
set by a predetermined bandwidth unit by considering a
maximum allocable bandwidth (545) and a window location
having a maximum energy value is searched through the
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signal analysis in the frequency domain after the FFT (550)
to select the allocable central frequency.

When the maximum energy value of 550 exceeds the
threshold value, whether the channel is present is searched
for each allocable central frequency around the selected
corresponding window location (555). The UA needs to find
the allocable uplink frequency bandwidth between the GRS
and the UA in the allocable central frequency. To this end,
the UA assumes that the GRS transmits the uplink signal
with the bandwidth for each allocable uplink frequency
bandwidth and verifies whether the corresponding band-
width signal is present by using the frame structure (e.g. an
RS signal) in the bandwidth to verify the uplink channel
frequency and the bandwidth. The UA verifies whether the
information transmitted to the uplink channel from the GRS
is present in the corresponding uplink channel to verity the
downlink channel information included therein (560).

When the maximum energy value of 550 does not exceed
the threshold value, within the above reduced searching
range (540), a frequency bandwidth window is sequentially
set by a predetermined bandwidth unit by considering a
corresponding bandwidth in a larger order of allocable
bandwidths (565) and a window location having a maximum
energy value is searched through the signal analysis in the
frequency domain after the FFT (570) to select the allocable
central frequency.

When the maximum energy value of 570 exceeds the
threshold value, whether the channel is present is searched
for each allocable central frequency around the selected
corresponding window location (575). The UA needs to find
the uplink frequency bandwidth between the GRS and the
UA in the allocable central frequency. To this end, the UA
assumes that the GRS transmits the uplink signal with the
bandwidth for each allocable bandwidth and verifies
whether the corresponding bandwidth signal is present by
using the frame structure (e.g. an RS signal) in the band-
width to verify the uplink channel frequency and the band-
width. The UA verifies whether the information transmitted
to the uplink channel from the GRS is present in the
corresponding uplink channel to verify the downlink chan-
nel information included therein (580).

Referring to FIG. 5B/5C, with respect to the P2MP type
of the GRS, the UA progresses similarly to the process in
FIG. 5A.

That is, in FIG. 5B, processes 610 to 650 are similar to the
processes 515 to 560 in FIG. 5A. However, when the
maximum energy value of 640 exceeds the threshold value,
whether the channel is present is searched for each allocable
central frequency around the selected corresponding win-
dow location and whether a channel having a maximum slot
number is present is searched (645). The UA needs to find
the uplink frequency bandwidth between the GRS and the
UA in the allocable central frequency. To this end, the UA
assumes that the GRS transmits the uplink signal with the
bandwidth for each allocable bandwidth and verifies
whether the corresponding bandwidth signal is present by
using the frame structure (e.g. an RS signal) in the band-
width to verify the uplink channel frequency and the band-
width. In this case, when there is no channel having a
maximum slot number, the UA searches whether the channel
is present in a large order of the allocable slot number (655),
and verifies whether information transmitted to the uplink
channel from the GRS is present in the corresponding uplink
channel to verify the downlink channel information included
therein (660).

In FIG. 5C, processes 670 to 685 are similar to the
processes 565 to 580 in FIG. 5A. However, when the
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maximum energy value of 675 exceeds the threshold value,
whether the channel is present is searched for each allocable
central frequency around the selected corresponding win-
dow location and whether a channel having a maximum slot
number is present is searched (680). The UA needs to find
the uplink frequency bandwidth between the GRS and the
UA in the allocable central frequency. To this end, the UA
assumes that the GRS transmits the uplink signal with the
bandwidth for each allocable bandwidth and verifies
whether the corresponding bandwidth signal is present by
using the frame structure (e.g. an RS signal) in the band-
width to verify the uplink channel frequency and the band-
width. In this case, when there is no channel having a
maximum slot number, the UA searches whether the channel
is present sequentially in a large order of the allocable slot
number (690), and verifies whether information transmitted
to the uplink channel from the GRS is present in the
corresponding uplink channel to verify the downlink chan-
nel information included therein (695).

FIG. 6 is a diagram for describing one example of a
method for implementing a spectrum authority (SA) system,
a ground control system (GCS), a ground radio station
(GRS), an unmanned aircraft (UA), and the like of a UAS
according to an exemplary embodiment of the present
invention. The spectrum authority (SA) system, the ground
control system (GCS), the ground radio station (GRS), the
unmanned aircraft (UA), and the like of the UAS according
to the exemplary embodiment of the present invention may
be implemented by hardware, software, or a combination
thereof for CNPC channel setting and manual connection
establishment. For example, the spectrum authority (SA)
system, the ground control system (GCS), the ground radio
station (GRS), the unmanned aircraft (UA), and the like may
be implemented as a computing system 1000 illustrated in
FIG. 6.

The computing system 1000 may include at least one
processor 1100, a memory 1300, a user interface input
device 1400, a user interface output device 1500, a storage
1600, and a network interface 1700 connected through a bus
1200. The processor 1100 may be a semiconductor device
that executes processing of commands stored in a central
processing unit (CPU) or the memory 1300 and/or the
storage 1600. The memory 1300 and the storage 1600 may
include various types of volatile or non-volatile storage
media. For example, the memory 1300 may include a read
only memory (ROM) 1310 and a random access memory
(RAM) 1320.

Therefore, steps of a method or an algorithm described in
association with the exemplary embodiments disclosed in
the specification may be directly implemented by hardware
and software modules executed by the processor 1100, or a
combination thereof. The software module may reside in
storage media (that is, the memory 1300 and/or the storage
1600) such as a RAM, a flash memory, a ROM, an EPROM,
an EEPROM, a register, a hard disk, a removable disk, and
a CD-ROM. The exemplary storage medium is coupled to
the processor 1100 and the processor 1100 may read infor-
mation from the storage medium and write the information
in the storage medium. As another method, the storage
medium may be integrated with the processor 1100. The
processor and the storage medium may reside in an appli-
cation specific integrated circuit (ASIC). The ASIC may
reside in the user terminal. As yet another method, the
processor and the storage medium may reside in the user
terminal as individual components.

As described above, the method for communication chan-
nel setting and connection establishment for the CNPC
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system in the unmanned aircraft systems (UAS) dynamically
supports CNPC channel setting between a ground radio
station (GRS) and an unmanned aircraft (UA) and CNPC
link connection among a ground control system (GCS), the
ground radio station (GRS), and the unmanned aircraft
(UA), and as a result, the SA may manage all frequencies
without fixedly allocating all of the frequencies to a specific
CNPC system and dynamically allocates all of the frequen-
cies only when operating a UAS CNPC system and imme-
diately recovers after completing the operation of the UAS
CNPC system to allow another UAS CNPC system to reuse
the frequencies, thereby increasing limited CNPC frequency
utilization. Further, the present invention can be imple-
mented to be applied even in a next-generation upward
TDMA or downward FDMA based P2MP type UA control-
ling communication system including multiple UA support-
ing GRSs as well as a P2P type in the related art.

The above description just illustrates the technical spirit
of the present invention and various changes and modifica-
tions can be made by those skilled in the art to which the
present invention pertains without departing from an essen-
tial characteristic of the present invention.

Therefore, the exemplary embodiments disclosed in the
present invention are used to not limit but describe the
technical spirit of the present invention and the scope of the
technical spirit of the present invention is not limited by the
exemplary embodiments. The scope of the present invention
should be interpreted by the appended claims and it should
be analyzed that all technical spirit in the equivalent range
thereto is intended to be embraced by the scope of the
present invention.

What is claimed is:

1. A method for communication channel setting and
connection establishment in an unmanned aircraft system
including a spectrum authority (SA) system, a ground con-
trol system (GCS), a ground radio station (GRS), and an
unmanned aircraft (UA), the method comprising:

supporting, by the SA system, dynamic channel allocation

and management in a database for efficiently allocating
and managing a limited frequency resource for con-
trolling the unmanned aircraft; and

initially setting and establishing communication connec-

tion of a control non-payload communication channel
allocated according to the dynamic channel allocation
among the GCS, the GRS, and the UA,

wherein a point-to-point (P2P) type in which the GCS

directly communicates with the UA or a point-to-
multipoint (P2MP) type in which the GCS communi-
cates with the UA through a plurality of GRSs inter-
locked on a network is supported, and

wherein the SA system dynamically allocates frequencies

only when operating an unmanned aircraft system
(UAS) control and non-payload communication
(CNPC) system and immediately recovers after com-
pleting an operation of the UAS CNPC system to allow
another UAS CNPC system to reuse the frequencies.

2. The method of claim 1, wherein in the initially setting
and the establishing of the communication connection, a
control and non-payload communication (CNPC) channel of
the GRS is set by the GCS, and the CNPC channel of the UA
is set by the GCS or a pilot or an operation manager receives
information from the GCS through a terminal and directly
inputs the corresponding information in the UA to the CNPC
channel.

3. The method of claim 2, wherein the initially setting and
the establishing of the communication connection includes

requesting, by the GCS, an access to the GRS,
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determining, by the GRS, whether the GCS is valid to
respond to an access acceptance to the valid GCS,

determining, by the GCS, whether the GRS is valid to
request CNPC channel setting to the valid GRS,

setting, by the GRS, the CNPC channel and transmitting
a setting completion message to the GCS,

requesting, by the GCS or a terminal of a pilot or an

operation manager, an access to the UA,

determining, by the UA, whether the GCS or the terminal

of the pilot or the operation manager is valid and
responding to the access acceptance to the correspond-
ing device when the GCS or the terminal of the pilot or
the operation manager is valid,

determining, by the corresponding device, whether the

UA is valid to request the CNPC channel setting to the
valid UA, setting, by the UA, the CNPC channel and
transmitting the setting completion message to the
corresponding device,

requesting, by the GCS, CNPC communication link con-

nection to the GRS, requesting, by the GRS, the com-
munication link connection to the UA through the
allocated CNPC channel,

determining, by the UA, whether the GCS and the GRS

requesting the link connection are valid to accept the
connection to the valid GRS through the allocated
CNPC channel, and accepting, by the GRS verifying
the connection acceptance, the connection to the GCS.

4. The method of claim 3, wherein the initially setting and
the establishing of the communication connection further
includes

requesting, by the UA, the CNPC communication link

connection to the GRS through the allocated CNPC
channel,
requesting, by the GRS, the communication link connec-
tion to the GCS, determining, by the GCS, whether the
GCS and the UA requesting the link connection are
valid to accept the connection to the valid GRS, and

accepting, by the GRS verifying the connection accep-
tance, the connection to the UA through the allocated
CNPC channel.

5. The method of claim 4, wherein for any one of the
GRS, the UA, and the GCS, or the terminal of the pilot or
the operation manager to communicate with the other one
among remaining components, a transmission message
includes identification information thereof so as to be a basis
for determining whether any one is valid and the transmis-
sions message includes identification information of the
other one so as for only the other one which is a counter
entity to verify related information.

6. The method of claim 4, wherein

when the GCS or the terminal of the pilot or operation

manager requests the CNPC channel setting to the valid
UA, the transmission message includes allocation
channel information, GRS ID information, and desti-
nation UA ID information,

when the GCS requests the CNPC communication link

connection to the GRS, the transmission message
includes the destination UA 1D information,

when the GRS requests the communication link connec-

tion to the UA through the allocated CNPC channel, the
transmission message includes the source GCS ID
information,

when the UA accepts the connection to the valid GRS

through the allocated CNPC channel, the transmission
message includes the destination GCS 1D information,



US 10,104,708 B2

25
when the GRS accepts the connection to the GCS, the
transmission message includes the source UA ID infor-
mation,
when the UA requests the allocated CNPC communica-
tion link connection to the GRS, the transmission
message includes the destination GCS 1D information,
when the GRS requests the communication link connec-
tion to the GCS, the transmission message includes the
source UA 1D information,

when the GCS accepts the allocated connection to the 10

valid GRS, the transmission message includes the
destination UA ID information, or

when the GRS accepts the connection to the UA through

the allocated CNPC channel, the transmission message
includes the source GCS ID information.

7. The method of claim 1, wherein in the initially setting
and the establishing of the communication connection, a
control and non-payload communication (CNPC) channel of
the GRS is set by the GCS, and the CNPC channel setting
between the UA and the GRS is attempted through a
common channel or the allocated CNPC channel by the GRS
which receives a request for the communication channel
setting and connection establishment of the GCS or
attempted by the GRS which receives a request for the
communication channel setting and connection establish-
ment of the UA through a common channel.

8. The method of claim 7, wherein the initially setting and
the establishing of the communication connection includes

requesting, by the GCS, the access to the GRS,

determining, by the GRS, whether the GCS is valid to
respond to the access acceptance to the valid GCS,

determining, by the GCS, whether the GRS is valid to
request the CNPC channel setting to the valid GRS,

setting, by the GRS, the CNPC channel and transmitting
the setting completion message to the GCS,

requesting, by the GCS, the CNPC communication link
connection to the GRS,
providing, by the GRS, channel allocation information
and source GCS 1D information to the UA through the
allocated CNPC channel or the common channel and
requesting the communication link connection,

determining, by the UA, whether the GRS and the GCS
are valid to accept the communication link connection
to the valid GRS, and

determining, by the GRS, whether the UA which accepts

the connection is valid and accepting the communica-
tion link connection to the GCS.

9. The method of claim 7, wherein the initially setting and
the establishing of the communication connection includes

requesting, by the GCS, the access to the GRS,

determining, by the GRS, whether the GCS is valid to
respond to the access acceptance to the valid GCS,

determining, by the GCS, whether the GRS is valid to
request the CNPC channel setting to the valid GRS,

setting, by the GRS, the CNPC channel and transmitting
the setting completion message to the GCS,

requesting, by the GCS, the CNPC communication link
connection to the GRS, requesting, by the GRS, the
communication link connection to the UA without
providing the CNPC channel allocation information,

determining, by the UA, whether the GRS is valid to
request the CNPC channel allocation information to the
valid GRS,

determining, by the GRS, whether the UA requesting the

CNPC channel allocation information is valid to pro-
vide the CNPC channel allocation information and the
source GCS ID information to the valid UA,
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determining, by the UA, whether the GCS is valid to
accept the communication link connection to the GRS,
and

accepting, by the GRS, the communication link connec-

tion to the GCS.

10. The method of claim 7, wherein the initially setting
and the establishing of the communication connection
includes

requesting, by the GCS, the access to the GRS,

determining, by the GRS, whether the GCS is valid to

respond to the access acceptance to the valid GCS,
determining, by the GCS, whether the GRS is valid to
request the CNPC channel setting to the valid GRS,
setting, by the GRS, the CNPC channel and transmit-
ting the setting completion message to the GCS,
requesting, by the UA, the CNPC communication link
connection to the GRS through the common channel,
determining, by the GRS, whether the UA is valid to
provide the CNPC channel allocation information to
the valid UA through the common channel,
determining, by the UA, whether the GRS is valid to
respond to channel setting completion to the valid GRS
through the common channel or the allocation channel,
requesting, by the GRS, the CNPC communication link
connection to the GCS,
determining, by the GCS, whether the UA is valid to
accept the link connection to the GRS, and
accepting, by the GRS, the link connection to the UA
through the allocated CNPC channel.

11. The method of claim 7, wherein for any one of the
GRS, the UA, and the GCS, or the terminal of the pilot or
the operation manager to communicate with the other one
among remaining components, a transmission message
includes identification information thereof so as to be a basis
for determining whether any one is valid and the transmis-
sions message includes identification information of the
other one so as for only the other one which is a counter
entity to verify related information.

12. The method of claim 7, wherein

when the GCS requests the CNPC channel setting to the

GRS, the transmission message includes the allocation
channel information and the destination UA ID infor-
mation,

when the GCS requests the CNPC communication link

connection to the GRS, the transmission message
includes the destination UA 1D information,

when the GRS requests the CNPC communication link

connection to the UA, the transmission message
includes the channel allocation information, the source
GCS 1D information, and the destination UA ID infor-
mation,

when the UA accepts the connection to the GRS, the

transmission message includes the destination GCS 1D
information,

when the GRS accepts the connection to the GCS, the

transmission message includes the source UA ID infor-
mation,

when the UA requests the link connection to the GRS, the

transmission message includes the destination GCS 1D
information,

when the GRS requests the communication link connec-

tion to the GCS, the transmission message includes the
source UA 1D information,

when the GCS accepts the connection to the GRS, the

transmission message includes the destination UA 1D
information, or



US 10,104,708 B2

27
when the GRS accepts the connection to the UA, the
transmission message includes the source GCS ID
information.
13. The method of claim 7, wherein
two or more common uplink and downlink frequency
channels are designated and managed by the SA in
order to avoid interference among the GRSs which are
simultaneously initially set,

a common time slot is designated at an uplink frequency

of multiple UA supporting GRSs, or

a common time slot is designated at an uplink frequency

of multiple UA supporting GRSs and two or more
common downlink frequency channels are designated
and managed by the SA system in order to avoid the
interference among the GRSs which are simultaneously
initially.

14. The method of claim 7, wherein

an initial setting common channel is set with a minimum

bandwidth among channel bandwidths which are appli-
cable at a center frequency of the allocated CNPC
channel regardless of the size of the bandwidth of the
allocated CNPC channel, or

an initial setting common channel is set with not the

number of time slots allocated at an uplink frequency of
the multiple UA supporting GRSs but the minimum
number of slots among the number of applicable chan-
nel slots.

15. The method of claim 1, wherein in the initially setting
and the establishing of the communication connection, a
search range is reduced through energy detection and it is
verified whether the channel is present with respect to an
allocatable bandwidth, the bandwidth and the time slot
position, or the bandwidth and the time slot number and the
time slot position for each center frequency allocatable
within the reduced search range, and as a result, the UA does
not receive uplink channel allocation information through
the GRS or GCS, but directly searches the frequency, the
bandwidth, the time slot number, or the time slot position
through an uplink signal of the GRS.

16. The method of claim 15, wherein the initially setting
and the establishing of the communication connection
includes

verifying, by the UA, a channel list allocatable at a present

position by referring to the database to set a search
candidate band when possessing a GPS and a channel
allocation database,

performing the energy detection in a full band or the

search candidate band, selecting the center frequency
allocatable through the energy detection,
verifying whether the channel is present for each uplink
frequency bandwidth allocatable between the GRS and
the UA at the allocatable center frequency, and

verifying downlink channel information by veritying
whether information of the UA itself is present in the
verified channel.

17. The method of claim 16, wherein

the performing of the energy detection includes

designating an initial energy detection frequency win-
dow,

performing FFT for each designated frequency win-
dow,

performing the energy detection for each designated
frequency window, and

verifying a frequency window in which an energy sum
with an adjacent frequency window is more than a
threshold value, and
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the selecting of the center frequency includes
sequentially selecting frequency windows in an order in
which the energy sum is the larger, and
reducing the search range to ranges of the selected
frequency window and the adjacent frequency win-
dow.
18. The method of claim 17, comprising:
after the reducing of the search range, setting a frequency
window considering an allocatable maximum band-
width;
selecting a window position having a maximum energy
value within the search range; searching whether the
frequency channel is present for each allocatable center
frequency in the vicinity of the selected window posi-
tion;
determining whether the maximum energy value is more
than the threshold value and thereafter, sequentially
setting, when the maximum energy value is not more
than the threshold value, the windows sequentially
considering the corresponding bandwidth in the order
in which the allocatable bandwidth is the larger, and
selecting the window position having the maximum
energy value within the corresponding search range;

verifying whether the channel is present for each uplink
frequency bandwidth allocatable between the GRS and
the UA for each allocatable center frequency; and

verifying the downlink channel information by verifying
whether the information of the UA itself is present in
the verified channel.

19. The method of claim 16, wherein the initially setting
and the establishing of the communication connection fur-
ther includes

verifying whether there is the information of the UA itself

in the verified channel according to the presence of the
channel,

sequentially setting, when the information of the UA itself

is not included, the windows considering the corre-
sponding bandwidth in the order in which the allocable
bandwidth is the larger, and

selecting the window position having the maximum

energy value within the corresponding search range,
revivitying whether the channel is present for each uplink
frequency bandwidth allocatable between the GRS and
the UA for each allocatable center frequency, and
verifying the downlink channel information by verifying
whether the information of the UA itself is present in
the verified channel.
20. The method of claim 16, wherein the initially setting
and the establishing of the communication connection
includes
verifying whether a channel having the maximum number
of allocatable slots is present in the verifying of the
presence of the channel and verifying whether there is
the information of the UA itself in the verified channel,

reviving whether the uplink channel allocatable between
the GPS and the UA is present sequentially in the order
in which the number of allocatable slots is the larger
when the information of the UA itself is not included,
and

verifying the downlink channel information by verifying

whether the information of the UA itself is present in
the verified channel.
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