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Abstract: The application of Unmanned Air Vehicles (UAV)-enabled Cognitive Radio (CR) is widely used due
to the convenience and high mobility of the UAV. In the UAV-based Cognitive Radio Network (CRN), the
throughput optimization scheme in single radian is firstly investigated, in which the sensing radian is optimized
to maximize the average throughput of UAV. Then, a multi-radian throughput optimization scheme based on
Cooperative Spectrum Sensing (CSS) is studied to improve the sensing performance under the non-ideal
channel, and the throughput of the UAV is maximized by utilizing an Alternative Iterative Optimization (AIO)
algorithm. The simulation results show that the proposed scheme has better performance on improving the
throughput of the UAV and ensuring the Quality-of-Service (QoS) of the Primary User (PU) when the channel

fading is serious.

Key words: Cognitive Radio (CR); Unmanned Air Vehicle (UAV); Spectrum Sensing (SS); Frame structure;

Vol. 42No. 8
Aug. 2020

Throughput

1 35§
Ik, JTEAML(Unmanned Air Vehicle, UAV)

WekR E B 202001-14; BlEIHHA: 2020-04-30; 4% HIAR: 2020-07-08
SEEEE: B xd_huhang@126.com

HEWH: FRERRER S (61571460, 61901509, 61671475), 141
Ja B A AR (BX201700108), % TR K%K KIS (XZIK
2019033), TE LRGBS SMFEBOIHTEESE (YNLX1904025)
Foundation Items: The National Natural Science Foundation of
China (61571460, 61901509, 61671475), The National Postdoctoral
Program for Innovative Talents (BX201700108), The President
Foundation of Air Force Engineering University (XZJK
2019033), The Innovation Foundation of Air Force Engineering
University (YNLX1904025)

T RE I 22 FF % S B R 1 187 2 ME UM H kbR 2 06
RN NRER N R R 0 T — R 7 %, 23
WFFRN B2 K% . UAVERYINH T EH173),
ZAAE . BRI SR SRS, A A A R
A B AR WA M UAVH] LLSE VF 2 528 I 55
UAVIEREAT R BAL TN 2 AR AR RE R L, X
58 T HAE AR H R J7 T R AT R SR,
UAVHHIEE VF 2 Bha, Hodh — A B Bh ik 2
ARE FHIRFR G, IT RGN 4P D2D(Device-to-
Device) i {5 ORI EL M (Internet of Things, IoT)!"
PR R, PG TR SR K. TN EZETAE
fEIEEE S-#if%, IEEE L-SBLL K Tk, F2: A0


http://radars.ie.ac.cn/CN/10.11999/JEIT200056

8 1

BH T T ANLRES IR e A ek BB 5T 1935

BRIT B, IXLCHT B VE 2 HA IR 2R M 45 (WTWIFT,
W, IEEE 802.15.4M %), &Fh TGN 2% 1)
FLAFAL T A ML A3 B0 5 b0 5ok, At 7 sk &om
SERTIIC

INHITEZE H (Cognitive Radio, CR)fEN—Fi$2
FHARE R H A, v LS S (Secondary
User, SU)#HLAH = H /7 (Primary User, PU) 5
W, fEInterweave AN, SURAERMNFIPU
NPT A G FHPU RIS U RE . 5k Ak
Tk, SUKTHPUMIESR TIE, Wik, &, %«
SRR R T AREEPURISU R IR 45 i & (Quality-
of-Service, QoS) & IEEN . H T 1 % I AN
TP, R P A U T RE R
AN, SERGIMERE I AEEAR, BT HE H P E A R
H1(Cooperative Spectrum Sensing, CSS) A3 &
FPEREMY, FECSSHY, ARG 45 F R A
& (Fusion Center, FC)F|H##n “AND” #EN .
“OR” HEMIFN “n-out-of-K” HENZEMH H 4 /v sk,
BARCSSH] LLFR FH BRI PE R, 38 IR 0 it i Fr it
&, (HRECSSTHARRZ MR H, ¥ S8 e
I () ROk e 18, PR, JE sk pIe A e e ) mp
CASE IR IR 0 B % A ik AL A

HHl, 45&UAVAICRM S FIAH B FE Skt
beieb, SCHER[14)8F 9T T UAVIEAE B oRBEEOR, JF
7 HHIE T CRIMUAV AT LY UA VIR R R 8 1 ok
HERE: CER[15)8F 50 T MIMOW A G4 H R 5
f_EATHERS, FIHUAVAE NS PUMSU L %
uli(Base Station, BS)FIE{E: SCHR[16]8@ 1 # 7K
WIS HL(Air to Ground, A2G)FERR(STERLAL, Xf
A2GHEER ) SV Re AT T AT ARSUHE
COA B FUR 2R b, AN AT AL 28 A58 5 4y
Br T UAVIEA2GAETE T R0 75 ik 20 4 il e,

TRAISIEE ()
(a) 24ENEITE ML 25 452 54

AL (B-5)

TEARIERS AL A L htk_E AR BRI, S RLUAV
TR, NS EeE R mERe, AR
— R ZIECSSHEREMMMTR, ZHEELEA
e A SR I P T I K B KA S TE A LI 48 1K
TR TS AR, (RS REN, AT R
Al LMEUAVIRTS B 4F ARt g, H 2 I CSSH;

ARAEAF B TE 5™ BN W] DU RO AR T IR B s A
B, fRFEQOS.
2 1REGEY

R NEN TR, INETE AL 2% HBS 1
UAVA %, BS, NS5UAVIHHTEE RIS, BS,A
HPUATEA G &, HUAVEPU KBS,z A5
Tt E. PUEBS, 85 & N Rp, UAVIEASULL KAT
W0 AT T UABS A OB EHUE -, uEs
NRs, ¥ATEENH. UAVH—A AT EE
DT RAT I B, AT BT B J2% 6B S R0 A B s 84
i, UAVAUTEAR I BIPUZS B I R F PUSTRE 958 5+
MBS A& . ez, RS UAVIER
JATRATRE R, DA AR TN G, KA AT 9IRS
R I R A SRS o R — A RAT B BEUA
NLIREE N B, EEIE NS, fE¥iRE B — B,
W) SR BT Bt 5 Ry
s (1)

BS,, PUFUAVHIHA B S B L(b) s, 4054
B, PAMSAH. BUAVEzH M Na, UAVE
PUMIEEE Fy: dsp = \/H2 + B2+ R% — 2RsRp cosa,
UAV 5BS, Z I8 {188 Hydss = /RS + H2,

Fhi QR XA FIBES B EME 5, (578K
RERBEBR PN R, @ € {S, P}, j € {P,B}. 1%
W2, AEAE RS T AR

tg =

\\l\iPB(hPB)
RP \\

(b) 3gENFNTC AL L A

(SRS N I e



1936 T o5 fF B ¥ Wi 424
(1) Hu[fi (Ground to Ground, G2G)f5i&, pX _ Rsfs\ oo S NLoS! (4

WBOR Fhes, PUSBS, 2 [zt mpe 11 - QE Ty AT, X e {LoS.NLos} ()

4, 1518 NAEMIE (Non-Line of Sight, NLoS){51& . Hof, X = /22X 110 Y(B). AIEA2GAEIE R 1Y
(2) ZHi(Air to Ground, A2G) (518, Wi @%*%Z%ﬂ*"{lﬂjmzjj

B 1 hep Flhsp, 1245 T8 7 7E — € KM 2 N AL EE
(Light of Sight, LoS){FiEEiNLoSI5iE, Xk T
To N5 Hi T8 A & BOAD A DL RS REAE DT
FHOCHR 18] %0, i'i.ﬁﬁ%)ﬁ?_l“ﬂ?ﬂLoS%jEE@ﬁ%
LoS _
RBREA: pij 1+ w1 oxp(— w2(9ij o)’ Hrr,

0i5 79 o N5 Hi T3 A5 ¥ % (AT A (A1), wi
wo NREIRFIESH. SEEM T, K58
i A, B EE I FEER PSR,
R EAEIE T R R R, (5 1EH i ik 208

1
(2)
PL;;

h%(dij) = = , X € {LoS,NLoS}
(dij)

Horp, RS IFAF B AE LoS MIN LoS T Ff1 7 1
KR THMEENLEN, XEREHBEEM, Xe
{LoS,NLoS}. PL(dij) RoniFl {5 BB T, i
JET R A B AR iR, HRBA N PLY(dy;) =

m1<“ﬂ%)+LL Hof R E, b

i, Lx NLoSELNLoSHE M iF- 5% .
UAVF]F FL P B AL B ES f8 FH RE AR v 8%

PUMTAERES . IREUAVEIREIRIGES A
y(m) = ps(m)h;;(m) +n(m), m=1,2,- M (3)

Hoh N PURR & 24, 5= 1% R P U,
p=0FRPURIR: s(m)WPURIHHLIGR S5
Py (m)Fi 552 (8, n(m)ERUAVEE
BRI . MOVERESEE, M=tsfo, fRRAEH
. y(mMRERGENEG) = 3> ly(m)P,
S NHCR RS KNS, SRR TN A
P SCHR[20], R 2 HE 2 F0KG I ME 2R 7E LoS FINLoS
53 F 4h 51 PXOS) = B(E() > Ap=0) =
Q(Q;Q M?ﬁﬁmmmmzam@>A

M=U=Q<<;—WX—Q ﬁ(iﬂlﬂ,:ﬁ¢

oZFEME A IR, NN RE RS I W, X e {LoS,
2

NLoS}, v WW'ﬁ@ﬂFW% Po AP U

O EES '
“+oo
H OB Q) £ % R NQ Vﬁ/
I8 B B bR

'LL2
(=) au mriEmsttiE,
BAONP:, B RATE Y

Pf LOSPLOS (1 _ plélgS)PfNLoS } (5)

Py = PP + (1= ) RIS

3 BIERMEFMHEML

AT TR UA VRS e 5 A] Sz 2545 ik
B S . UAVIHBS s, HAAmY %
NPs. {PUZ R, SUBAKLH 58 P 4L S 5 8
XCHCo, LoSFINLoSH FiE 18 T FBAALAT B 4L ik

Py ‘hLOS 2
% 4 51 O = ) ey -

P |hNLoS 2
b&<1+ ) MPUAEAERS, SURALHT%E A
E‘J%Eﬁﬁﬁ%iﬁ(%&, LoSHFINLoSHFETE T 11 #AL

LoS |2

WA ANCES —log, (10— )
NLoS P |hNLOS ° G2G |2
FICT® =log, (1+2—|—PhG2G|)’ Horp Pp hpg”|
FORTEBS AR IPUR TR, BIEMFMEE
AAERERS, WIS BR8Pl 5y

Cy = anscLOs +(1- pI§ES) C(lJ\ILOS} )

C, = LoS CLOS +(1— péﬁs) Ci\ILoS
HCo>Cro PUEHBIMARMP (0 =0)%R, PU
FAEKMBEMNARR=1)FXK, Rp=0)+1
(n=1)=1,

UAVAERNSU & FHIPURISR B AT TAERS, 17AE
P T«

51 P m E%F%%%o@%%F
IMV%%ﬁzﬁ %,Mﬁﬁkﬂm
(k=0)

%%2}Wﬁﬁ,mm%%%%%cﬁ%%T
U AV f% i & $ﬁ <h,ﬁ$ﬁﬂfmﬂ
(h=1)

PRI R Ro(X B) = =
(1= RO AR f) = Z=LR(u=1)(1 - B
(A B)Cr o BHILUAV IR EE 2 1 Pk 5 ml 5

R(X, B) = Ro(X, B) + Ri(A, B) (7)

kAR A1 B 2 SR UA VI AR R 5T
FEB, LMER S TR PUR R I e KALUAV K 2k
PESFY . B, AR T P, A
NPUMRBIF RS (ELPRIEHL R, Padii¥1,
BIWAEIEEES02.22WRANARHEF, E$E P =

log, {14

B Pp -0



8 1

BH T T ANLRES IR e A ek BB 5T 1937

0.9, FHF R, WRPUEHAB N ER100% )
Ry, BARTUAVIEZ . i, B
PURIAAERE L (= U, fFlanP(p =1) <0.3,
MEEAE 2 T AR FE IR 2R B ) 3 ;1%?@7%%»&
TWAME R, HT Co>Cr, P(p=0)>
(n=1), HQ-P) > (1-Py), Jﬂz%ﬁ(ﬂﬁ’iiﬂ%
FAFE ST TP HELE. RaRRTFHHELERT
UE, ZAfbim @ RIR A

max RA(X, B) = Ro(A, B)

st Pa\B) > Py } (8)

0<p<B

dR(B) _ res | VVERs[
apg = bse 2\/727161;

(1 — Psp

T <o, M.

e >0, g
Q@)MEF A, ZHr >0, Q(x) <05, X (4)F, =
Bsh >0, u st
H(B

R(B) <05, X4 7% [ploh
) >0, R(BRX

nu,dﬂ()iwmzﬁ or
B

Ra(8)% T8I 1K S 25 § dRs(B) _

433 T
16>MW%1@mm0a)( = 0)f

B) d3 B
ONCH (_ (1 5) CEB) | 2de(5)> CoP:

B) &8 B d8
TRD <o, Ry 3T

H P () < 0.5,
FEIX RIS € [0, BIf{)i4 5 w3

dRA( )
a3 < CoPr(n=0) (_B + BQ(E))
<Oé%ﬁ%%ﬁz+moﬁ%,%HWHw5,E
B0, BT, Ra(A)AME— KA, 7775 2
5o AT — o0, Ra(9) BRI I B
A, SRR AERA .
B R AR AILER U AV AE A BRI

2
d?P(B

a2

(n=0),
g, 2
LR nngA“”

REL: FSER. £ DWEan, T
RSN, AT UAZIEUAV AT 2 dsp 22 A 0)

VORI, DA AR R R A,
RAR2: Sh&EM. BRBUAV WIT— g
IS, WO RIS B = 2L i T

24/2w v

TR FNINE LT A, A = Aol £ Pa(Xo, B) =
PoffE &K I B ME . & BA<Xx, #H
Ro(A1, B) < Ro(Mo, B)FIR1(A1, B) < Ri(Xo, B), HIE
XA B (8), M RE A I B AE L Ao, BP
Py = Palif, “FHE SRS R E. Wi, ik
I 5= (8) AT R4k N

B

r%xmw>@3)ammaawm%}

st. 0<pB<B
9)
2N KR (9) 42 Ra (8) K T8I M LAk i
A P(B)%f AR 1M T4

Xp( 1( LoS | LoS / Rsfb) >]
2
exp (;(eNLoS+VNLoS ,5%) >] (10)

YBEUAV RATAL B FAS LT s, 7 AT — U
SRR, A A e I
4 ZINECSSEMHEMHiL

TR M — P U AV A U R 1 SR 3
Lk U 4 1 2 I BECSS BV . UAVAR T AR ik
RS BE N LA R o (A B, e M 2 AT
B e g S R A5 BT S W )4 B34 25 . UAVIZE
AR IR AR R SR, A T s
Lk BB FOR AT I R A e, IR

{15 5 A o 6 R IG FE  25A IED f
AR Bo MR, N AR AR B P, e
TS = NBo, Wt HEHINE B — NBo. FOTE
R T R 1R S R S, SR “OR”
VO, B SR AT — AN R A W 45 SR R P U AR
7, ML 1 5E PUTETEE . SO FECSSE A
“OR” 0N 31 K 5 M0 2 T B0 D0 26 235
AN Qr=1—(1—-P)"FMQa=1—(1- PV,

B CSS H A7k T 48 28 Qu LI AE 55 22k i1 1
e, R HFRIAEEP =1 (1-Qu)~. Fifl
W F 280 B Ro(M Bo, ) = 2= VB0 p )

(1= Pr(X, Bo))N Co FIR1(X, Bo, N) =
H(1-P)NCy,

ARATTEARUECSSEEAR B AN RE T I T, fifk
Je 05 2 e oIk B RN R R0 R R A&, N B R AL
UAVIR B EEE PG, BT Ro(A, Bo, N) >
Ri(X, Bo, N), UAV IR 1 k& AR 4k 1) @
i VY|



1938 mF 5 F B

42 %

SURHILEE () THUBAINEE (B,)
(a) 24ENFNTC AL 2% 45271

st Qa(A Bo, N) > Qa
0< NBy<B, N=1,2, -

it W Bo FIN & K1, X=X & W EQa(o,
Bos N)=Qa i e B AT M B . B < Ao, 3
Y2 I A Qa(M, Bo, N) > Qa = Qa(Xo, fo, N)
BB S #5 FF ik & Ra(A1, Bo, N) = Ro(A1, Bo, N) <
Ro(Mo, Bo, N) & o, A=, BIQa = Qa(o,
Bos N)=Quaft, Ra(Xo, Bo, N)EUSH KA. 1E— i
SERIN, BT ORI Iy R RE A AR 2, HY
A=No, AR (1) AT i AE

dRA(Bo)
dBo

lgga]i{{ RA()\,ﬁO,N) :RU()‘yﬁoaN)
’ (11)

=CoP(n=0) [_

Bo

_ N
%_N(l_ﬁ> (1= Pi(Bo))

LI (B-3)
(b) INENTE AN 44 JE 1 CS S 45 44

K 2 ZINECSSILEH

_ B—Npyp

rﬁr;z’%(RA(ﬂo,N)— 2] Pr(y:O)(l—Pf(ﬂo))NCO

st. 0< Nﬁo < _B7 N = 1,2,
(12)
NFERAAC R (12), BRENRFEAZ, £
U=B/N, ftbla@in]&nrnN

max Ra(Bo) = <1—@> Py = 0)(1 = Px(50))™ Co

U
s.t. 0 S 60 S U
(13)
wn=(9), A (13)FEFE AN &, 2 Ra(Bo)
Xt BosR 1 T FI2[ S

N—1dP(Bo)
dBo

(14)

d24, U

U

d*R(Bo) — CoPy( = 0) lQN(l — BB de(ﬂ0)+ (N (1 _ @) (1— Pf(,Bo))N_2>

-QN—DC@@Q)—G—me

dBo

d?Ry(Bo)

A28
o dRa(By) .
ﬁommgﬁﬁﬁ%§0d—ﬂo =+o0o, B(IJILHU 4o
<0, KMk, 780 € [0,URGHEIN, FELEHRM B
SRPE L™, (HAFRA(B™ )G i RAE, FIH —/rikmr
60" RZ, AL EDLo, FATIEFNN B =N T
DL I # 2SR A N*=N3§g2r_§}233< Ry(N, Bo),
E¢Mm={§mmﬁﬁﬁtm%°%%,ﬂmz
B AR A SR AT S K IR I Bo R R R B i
ENPECEA L, FEikunE,

5 MESERS5SH
AR A SR IS 22 IR CS S 7 i &

2 P(Bo) <05, <0, Ra(Bo) KT

dRa(Bo)

d?Py(Bo)

dwg)] (15

W7 AR BB RIS BT AL, T E SN2,

®1 XBERRUEZE

WG k=0,i=0,N = N;, iRZEMHBERS;

1: while |[Ra(Bo, ;s Ni) — Ra(Bo, _,,Ni-1)| >4 do
2:  FIHZomE, SRIN = N sAtinE Bo™

3 4&Po,,, =po”

4. FIRIMEsE, KifBo, , o R ECR N

5: A Niy1 =N~

6:  RHRA(Bo, > Nit+1)

7. Ak=k+1l, i=i+l

8: end

. Bo™ = Bo,,N* = Ni




8 1

BH T T ANLRES IR e A ek BB 5T 1939

5.1 BERNMELTEMHUER

3L T UAV S A B EnPERE, 1E
B A7 AE S A 0 B AN T U AV (1)~ 35 75 ik & RadA
Bl KA. MW, EESERARET,
B UAV S ffia = 0(rad), EI3fE/R TUAV
TEARFER RATIHRE TR, BAINE LS RAZ AR R
thzk. mr%n, BEESMIGIN, Pk ERA SR L
Ft, BB K Hmax Ry J5 218 N . JR A2 B AR
BRI IS s B RS, (HI 22 (1 I R 1) FE
¥ S EUE T RN, 2R, BEAN, BEEFEUAV
AT N, SIS N, P R AR K
fHmax RAJE/N .

MUAVAE T 318 BRAVIRESR, BEEUAV AT
MBS, UAVS ) I M ofE]0, 2n]yu [ i 2
BRI . TR CAT I UAV KATELIE G
Tt Fr, HBMMERE R 2RSS, HEk2S
Bl gn¥AT — A& 6 mighite, B4R BS54

*2 HESH

28 Hufl SH HifE SH HfE

Rp(m) 320 B(rad) w/3 P(p=1) 0.2
Rg(m) 50 w1 9.6 Lyos 3
H(m) 60 w2 0.28 Lnros 10
f(kHz) 500  fs(kHz) 60 Py 0.9
Py(W) 10 Pp(W) 10 Qa 0.9
3.45
3.40
5
jus]
% 3.3
=8
e
S 3.30
=
3.25 B
— =20
3.20 :

2 4 6 8 10
B (x107 rad)

K 3 Rl ERANSIE B2 1] i 5% 72 i 2%

8 . . .
’. Aav=10
7 . o =20
— [ ) =
2 6 4 s+ v=30
= // A
= 5 / /\ %
X 4r 4 \‘«
* 3 (r’l "\ \\\\
o 3¢ e g
2 / " “ \
ok’ S
1 2 1 1

0 =3 2x/3 =« 4n/3 5n/3 2m
« (rad)

Bl 4 B 5 RATHI A 56 R th 2%

H AR AT, &RINES Fimax RAfFHUAV
KATM B . RITME MBI HUAVES
Tl e B

H AR E 5 Ml &, EUAVI KAT RN
UGN EE Je 3 fevs b, HMUAV S x bl f
a=rRIUAVEPUEE & Sy, ksl g
RN B4, BEEUAV VATALE 4, max Ra
SN YA . TRAT B R S B A i g
P B LI I BE 3G K, AT A AL S 9T RE Fllmax Ry
FH LI/ o
5.2 ZECSSEMEMEMULER

FATRAL T UAVTE Z JUE CSSEAF T A
TRENPERE, E T A7 R S A I BB I Bo " R UK
M ERE N, FEUAVH X5 8 Raik 2 5
KAl TEFFSBRALIRA NHFFLUAVLE 1A MLE 4
M2 I ECSSEmM A BRI TR, B UAVE
il ffa = n(rad), UAVH) KIT#Ev = 20 m/s,
BI625 H T U IS Bo AR BE, Ra 5 NG &R it
2. HE6T A, FAERIKIVERREN, {FRAIA
Bl AE, HEEECodghn, N*9E/N. BHUSLUEIZE
4R RS EL T 2 R B ERE RS
WS o

BI7TER T 5 F A F RN E N, Rabl
TUBRATIIRE Bo BRI 5 R M2k o AT RIAFAE S I Ak
AN Bo™, fH RaTK B 5 KAE,  H B U S0 5K

3.440
I A P
< 3.435 7
o T~ % A /:
Z 3430 P o
& ) ¥
— 3.425 ‘\\ /,/
= 3.420 | \"/
E ' *’\ /" av=10
£ 3415 o v=20
) ¢+ v=30
3.410 ; : :

0 w3 2n/3 = 4n/3 5%/3 2%

a (rad)
K 5 max R 55 RAT PR A 28

3.45
3.40 [7P%sge
= 3.35 i
F\A 3.30
£ 325
~ 320
= 315
= 3.10
3.05
3.00

—+ 3,=0.001
- 3,=0.002
- 3,=0.003

5 10 15 20 25 30 35 40
N

K 6 RabBOnsl FZEE N o< 2 2k



1940 B 7 5

f&

ny
B %

i 425

5 Bo P3G TN, A6 Ra BN AT e AR 1 B8 oI 2 N 7E
AW . 2 Bo b KB — B FEEERT, Bt B SN
FEHEN =1, X2&FAMBEAINE L8R, A~
T LN CSS Ty xRt et ATtk
MUAVAE T BN EELRA R, R4 ©AT & 1
WUAVI RATIRE L Tl #r, KIS HI1/24 %
ATREBAPY, ARt 25 74 A A e 9IRS Bo 5 A Ra sk
Bl RAE B INE B NS R 2k . i EI8a]
i, BEEBoMIIE K, fERAIE R RKEMN ZMES
R R, FFEE TR L, 2Bk
i, N*=1; BEEHEUAV AT E RS, JMfaly
Ti, NEITE AR 48 A g S A e Lly FRAR, el
IERE NN, UAVEPUfEw = n(rad)if #E &
BT, CETyEN, NYEROKs SIEMSREL, B
{E M Ly B i, 22 9K CS S ARAN AE S Jn I i
BoB/NHITEDL N BA R, Mk, 7EEIERE
B2, RAS YR BURR, UAVEFEXRHZIK
JE CSSTELARKARTH IR G B g 1 P ek B, DUARALE
HQoS.
6 ZERIE

A SCHEE TN AN SRR 5T T UAVAE
A2GAEIE T IR 8, UAVEEBS 4T F
JAVE BRI B A B A . AE DRAEP U QoS T
N, A T IR RAPIRES TR AR AN SICEE DL KA
RPNt At . X TUAVEZIECSS, #HAL

3.45
3.40
—~ 3.35
N
% 3.30 §
& 325 ,,':;'
= 320 §
= 315 ¢
&= 310
3.05
3.00 . ; X . X
1 2 3 4 5 6 7
By (x10 ¥ rad)
B 7 Ra 51U R8I Bo 195 Z i 28
10 v . :
9 bt -¢-a=0
g ok +a=n/3
7 L a=2x/3
6 - —“—Q=T
Lo
4
2 W
1

(==

B, (X107 rad)

8 IR S N 5 Bo ¥ 26 & il £k

BE A FRB S A B IR AN S . 15
HARRY], BREMNEERE 2 0 BIERE R
AUestE, B3 AL T S8 RT DLR L M A ok
UAV KGR 268 ek s At il i, ) Bk B A £ 08
FRBOTEMGOLN, M T RIS R T R
$e i 2 9 CSSTT Zxf TARFEP U QoS A2 Tt
UAVIB(EPEREA H LA RCR, 207 IREUAVE]
CSSHIFRMIF TTH N P E B o
2 % XM

(1] NIU Haoran, GONZALEZ-PRELCIC N, and HEATH R W.
A UAV-based traffic monitoring system-invited paper[C].
The 87th IEEE Vehicular Technology Conference (VTC
Spring). Porto, Portugal, 2018: 1-5. doi: 10.1109/vtcspring.
2018.8417546.

(2] Wik, AR, B BN A SRS S BT YR 72 ().

BT 515 B 23], 2018, 40(6): 1271-1278. doi: 10.11999/JEIT
170877.
GAO Yang, LI Dongsheng, and CHENG Zexin. UAV
distributed swarm situation awareness model[J]. Journal of
Electronics & Information Technology, 2018, 40(6):
1271-1278. doi: 10.11999/JEIT170877.

(3] fidE, BT, EoF, & ETYERE SN K P RBOEE 5T

R[], TRERESHR, 2018, 50(1): 133-139. doi: 10.15961/
j-jsuese.201700160.
NI Lei, DA Xinyu, WANG Shu, et al. Research on satellite
covert communication based on the information encryption
of physical layer[J]. Advanced Engineering Sciences, 2018,
50(1): 133-139. doi: 10.15961/j.jsuese.201700160.

[4]  BOKRTK, VA2, JEEE, 55 BT IRASSMRRRNEE TE LA

MU BE A FREVE[T). B+ 515 B 54, 2019, 41(4): 967-972.
doi: 10.11999/JEIT180491.
ZHAO Taifei, XU Shan, QU Yao, et al. Cluster—based
algorithm of reconnaissance UAV swarm based on wireless
ultraviolet secret communication[J]. Journal of Electronics
& Information Technology, 2019, 41(4): 967-972. doi:
10.11999/JEIT180491.

5] GUPTA A and JHA R K. A survey of 5G network:
Architecture and emerging technologies[J]. IEEE Access,
2015, 3: 1206-1232. doi: 10.1109/ACCESS.2015.2461602.

[6) SULTANA A, ZHAO Lian, and FERNANDO X.
Energy—efficient power allocation in underlay and overlay
cognitive device-to—device communications[J]. [ET
Communications, 2019, 13(2): 162-170. doi: 10.1049/iet-
com.2018.5464.

[7] LI He, OTA K, and DONG Mianxiong. Learning IoT in
Edge: Deep learning for the internet of things with edge
computing[J]. IEEE Network, 2018, 32(1): 96-101. doi:
10.1109/MNET.2018.1700202.


http://dx.doi.org/10.1109/vtcspring.2018.8417546
http://dx.doi.org/10.1109/vtcspring.2018.8417546
http://dx.doi.org/10.11999/JEIT170877
http://dx.doi.org/10.11999/JEIT170877
http://dx.doi.org/10.11999/JEIT170877
http://dx.doi.org/10.11999/JEIT170877
http://dx.doi.org/10.15961/j.jsuese.201700160
http://dx.doi.org/10.15961/j.jsuese.201700160
http://dx.doi.org/10.15961/j.jsuese.201700160
http://dx.doi.org/10.15961/j.jsuese.201700160
http://dx.doi.org/10.11999/JEIT180491
http://dx.doi.org/10.11999/JEIT180491
http://dx.doi.org/10.1109/ACCESS.2015.2461602
http://dx.doi.org/10.1109/ACCESS.2015.2461602
http://dx.doi.org/10.1049/iet-com.2018.5464
http://dx.doi.org/10.1049/iet-com.2018.5464
http://dx.doi.org/10.1049/iet-com.2018.5464
http://dx.doi.org/10.1109/MNET.2018.1700202
http://dx.doi.org/10.1109/vtcspring.2018.8417546
http://dx.doi.org/10.1109/vtcspring.2018.8417546
http://dx.doi.org/10.11999/JEIT170877
http://dx.doi.org/10.11999/JEIT170877
http://dx.doi.org/10.11999/JEIT170877
http://dx.doi.org/10.11999/JEIT170877
http://dx.doi.org/10.15961/j.jsuese.201700160
http://dx.doi.org/10.15961/j.jsuese.201700160
http://dx.doi.org/10.15961/j.jsuese.201700160
http://dx.doi.org/10.15961/j.jsuese.201700160
http://dx.doi.org/10.11999/JEIT180491
http://dx.doi.org/10.11999/JEIT180491
http://dx.doi.org/10.1109/ACCESS.2015.2461602
http://dx.doi.org/10.1109/ACCESS.2015.2461602
http://dx.doi.org/10.1049/iet-com.2018.5464
http://dx.doi.org/10.1049/iet-com.2018.5464
http://dx.doi.org/10.1049/iet-com.2018.5464
http://dx.doi.org/10.1109/MNET.2018.1700202

8 1

BT

WNHITE AL 226 Hh ¢ 0 il et A ok I AL 7

1941

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

SALEEM Y, REHMANI M H, and ZEADALLY S.
Integration of cognitive radio technology with unmanned
aerial vehicles: Issues, opportunities, and future research
challenges[J]. Journal of Network and Computer
Applications, 2015, 50: 15-31. doi: 10.1016/j.jnca.2014.
12.002.

NI Lei, Da Xinyu, HU Hang, et al. Outage constrained
robust transmit design for secure cognitive radio with
practical energy harvesting[J]. IEEE Access, 2018, 6:
71444-71454. doi: 10.1109/ACCESS.2018.2881477.

XU Wenbo, WANG Shu, YAN Shu, et al. An efficient
wideband spectrum sensing algorithm for unmanned aerial
vehicle communication networks[J]. IEEE Internet of Things
Journal, 2019, 6(2): 1768-1780. doi: 10.1109/JI0T.2018.
2882532.

AQUINO G P, GUIMARAES D A, MENDES L L, et al.
Combined pre-distortion and censoring for
bandwidth—efficient and energy—efficient fusion of spectrum
sensing information[J]. Sensors, 2017, 17(3): 654. doi:
10.3390/s17030654.

FAN Lisheng, LEI Xianfu, YANG Nan, et al. Secrecy
cooperative networks with outdated relay selection over
correlated fading channels[J]. IEEE Transactions on
Vehicular Technology, 2017, 66(8): 7599-7603. doi:
10.1109/TVT.2017.2669240.

KISHORE R, GURUGOPINATH S, MUHAIDAT S, et al
Sensing—-throughput tradeoff for superior selective
reporting—based spectrum sensing in energy harvesting
HCRNs[J]. IEEFE Transactions
Communications and Networking, 2019, 5(2): 330-341. doi:
10.1109/TCCN.2019.2906915.

SANTANA G M D, CRISTO R S, DEZAN C, et al.

on Cognitive

Cognitive radio for UAV communications: Opportunities
and future challenges[C]. 2018 International Conference on
Unmanned Aircraft Systems (ICUAS). Dallas, USA, 2018:
760-768. doi: 10.1109/ICUAS.2018.8453329.

SBOUI L, GHAZZAI H, REZKI Z, et al. Achievable rates of
UAV-relayed cooperative cognitive radio MIMO systems[J].
IEEFE Access, 2017, 5: 5190-5204. doi: 10.1109/ACCESS.

[16]

[17]

[18]

[19]

[20]

21]

EHT

it
Wi 5, 19894k, T, BESUITIAEIEE TN,
W&
I

!

2017.2695586.

ZHENG Yi, WANG Yuwen, and MENG Fanji. Modeling
and simulation of pathloss and fading for air-ground link of
HAPs within a network simulator[C]. 2013 International
Conference on Cyber—Enabled Distributed Computing and
Knowledge Discovery. Beijing, China, 2013: 421-426. doi:
10.1109/CyberC.2013.78.

AL-HOURANI A, KANDEEPAN S, and LARDNER S.
Optimal LAP altitude for maximum coverage[J]. IEEE
Wireless Communications Letters, 2014, 3(6): 569-572. doi:
10.1109/1wc.2014.2342736.

MOZAFFARI M, SAAD W, BENNIS M, et al. Drone small
cells in the clouds: Design, deployment and performance
analysis[C]. 2015 IEEE Global Communications Conference
(GLOBECOM). San Diego, USA, 2015: 1-6. doi: 10.1109/
GLOCOM.2015.7417609.

GHAZZAI H, GHORBEL M B, KADRI A, et al.
Energy—efficient management of unmanned aerial vehicles
for underlay cognitive radio systems[J]. IEEE Transactions
on Green Communications and Networking, 2017, 1(4):
434-443. doi: 10.1109/TGCN.2017.2750721.

LIANG Yingchang, ZENG Yonghong, PEH E C Y, et al.
Sensing—throughput tradeoff for cognitive radio networks[J].
IEEE Transactions on Wireless Communications, 2008,
7(4): 1326-1337. doi: 10.1109/twc.2008.060869.

LIU Liang, ZHANG Shuowen, and ZHANG Rui. CoMP in
the Sky: UAV placement and movement optimization for
multi—user communications[J]. IEEE Transactions on
Communications, 2019, 67(8): 5645-5658. doi: 10.1109/
TCOMM.2019.2907944.

B, 19614F4, LA, BFRJ7 A NICEE S
HAR.
B, 199744, Wik, BERT RN TEL L.

4, 199544, 44, W A AN RETS.
2, 197TAEE, TR, WEITOT AR E A Sk,

TS R


http://dx.doi.org/10.1016/j.jnca.2014.12.002
http://dx.doi.org/10.1016/j.jnca.2014.12.002
http://dx.doi.org/10.1016/j.jnca.2014.12.002
http://dx.doi.org/10.1109/ACCESS.2018.2881477
http://dx.doi.org/10.1109/ACCESS.2018.2881477
http://dx.doi.org/10.1109/JIOT.2018.2882532
http://dx.doi.org/10.1109/JIOT.2018.2882532
http://dx.doi.org/10.1109/JIOT.2018.2882532
http://dx.doi.org/10.3390/s17030654
http://dx.doi.org/10.1109/TVT.2017.2669240
http://dx.doi.org/10.1109/TCCN.2019.2906915
http://dx.doi.org/10.1109/ICUAS.2018.8453329
http://dx.doi.org/10.1109/ICUAS.2018.8453329
http://dx.doi.org/10.1109/ICUAS.2018.8453329
http://dx.doi.org/10.1109/ACCESS.2017.2695586
http://dx.doi.org/10.1109/ACCESS.2017.2695586
http://dx.doi.org/10.1109/ACCESS.2017.2695586
http://dx.doi.org/10.1109/CyberC.2013.78
http://dx.doi.org/10.1109/lwc.2014.2342736
http://dx.doi.org/10.1109/GLOCOM.2015.7417609
http://dx.doi.org/10.1109/GLOCOM.2015.7417609
http://dx.doi.org/10.1109/TGCN.2017.2750721
http://dx.doi.org/10.1109/TGCN.2017.2750721
http://dx.doi.org/10.1109/twc.2008.060869
http://dx.doi.org/10.1109/twc.2008.060869
http://dx.doi.org/10.1109/TCOMM.2019.2907944
http://dx.doi.org/10.1109/TCOMM.2019.2907944
http://dx.doi.org/10.1109/TCOMM.2019.2907944
http://dx.doi.org/10.1016/j.jnca.2014.12.002
http://dx.doi.org/10.1016/j.jnca.2014.12.002
http://dx.doi.org/10.1016/j.jnca.2014.12.002
http://dx.doi.org/10.1109/ACCESS.2018.2881477
http://dx.doi.org/10.1109/ACCESS.2018.2881477
http://dx.doi.org/10.1109/JIOT.2018.2882532
http://dx.doi.org/10.1109/JIOT.2018.2882532
http://dx.doi.org/10.1109/JIOT.2018.2882532
http://dx.doi.org/10.3390/s17030654
http://dx.doi.org/10.1109/TVT.2017.2669240
http://dx.doi.org/10.1109/TCCN.2019.2906915
http://dx.doi.org/10.1109/ICUAS.2018.8453329
http://dx.doi.org/10.1109/ICUAS.2018.8453329
http://dx.doi.org/10.1109/ICUAS.2018.8453329
http://dx.doi.org/10.1109/ACCESS.2017.2695586
http://dx.doi.org/10.1109/ACCESS.2017.2695586
http://dx.doi.org/10.1109/ACCESS.2017.2695586
http://dx.doi.org/10.1109/CyberC.2013.78
http://dx.doi.org/10.1109/lwc.2014.2342736
http://dx.doi.org/10.1109/GLOCOM.2015.7417609
http://dx.doi.org/10.1109/GLOCOM.2015.7417609
http://dx.doi.org/10.1109/TGCN.2017.2750721
http://dx.doi.org/10.1109/TGCN.2017.2750721
http://dx.doi.org/10.1109/twc.2008.060869
http://dx.doi.org/10.1109/twc.2008.060869
http://dx.doi.org/10.1109/TCOMM.2019.2907944
http://dx.doi.org/10.1109/TCOMM.2019.2907944
http://dx.doi.org/10.1109/TCOMM.2019.2907944
http://dx.doi.org/10.1016/j.jnca.2014.12.002
http://dx.doi.org/10.1016/j.jnca.2014.12.002
http://dx.doi.org/10.1016/j.jnca.2014.12.002
http://dx.doi.org/10.1109/ACCESS.2018.2881477
http://dx.doi.org/10.1109/ACCESS.2018.2881477
http://dx.doi.org/10.1109/JIOT.2018.2882532
http://dx.doi.org/10.1109/JIOT.2018.2882532
http://dx.doi.org/10.1109/JIOT.2018.2882532
http://dx.doi.org/10.3390/s17030654
http://dx.doi.org/10.1109/TVT.2017.2669240
http://dx.doi.org/10.1109/TCCN.2019.2906915
http://dx.doi.org/10.1109/ICUAS.2018.8453329
http://dx.doi.org/10.1109/ICUAS.2018.8453329
http://dx.doi.org/10.1109/ICUAS.2018.8453329
http://dx.doi.org/10.1109/ACCESS.2017.2695586
http://dx.doi.org/10.1109/ACCESS.2017.2695586
http://dx.doi.org/10.1109/ACCESS.2017.2695586
http://dx.doi.org/10.1109/CyberC.2013.78
http://dx.doi.org/10.1109/lwc.2014.2342736
http://dx.doi.org/10.1109/GLOCOM.2015.7417609
http://dx.doi.org/10.1109/GLOCOM.2015.7417609
http://dx.doi.org/10.1109/TGCN.2017.2750721
http://dx.doi.org/10.1109/TGCN.2017.2750721
http://dx.doi.org/10.1109/twc.2008.060869
http://dx.doi.org/10.1109/twc.2008.060869
http://dx.doi.org/10.1109/TCOMM.2019.2907944
http://dx.doi.org/10.1109/TCOMM.2019.2907944
http://dx.doi.org/10.1109/TCOMM.2019.2907944

