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Improved energy detection scheme of cognitive anti-jamming system

based on simultaneous transmitting and receiving

LI Haitao' , LI Jiayu', FANG Zheng’
(1. Faculty of Information Technology, Beijing University of Technology, Beijing 100124, China;

2. School of Electronic, Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract; In order to enhance the anti-jamming operational capability of cognitive anti-jamming system based on simultaneous transmitting and

receiving in the complex electromagnetic environment, an improved energy detection scheme based on the system was studied and the closed

expressions of detection probability, false probability and outage probability of the system under Rayleigh fading channels were derived. The scheme

decides the detection threshold by obtaining the result of comparison between the self-interference channel capacity and the required transmission

speed for receiver. Simulation results show that the effect of receiver impacted by self-interference can be reduced and the outage performance of the

system can also be improved by the proposed detection scheme.
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AR ZE 230 {5 B A 0 i 7 B B e D IR AR
o AR L AR A PR TR T 4 R
WG, A 45 G AE BT TP 38 AE S T 5% 55 A G 4L
AR — BT AR ALY B
B IE N RS . X T IR R T E T
7520, BT TR RE I E R gLt 2 0 , — il
Jr BRI AT 08 T A R W) 2 nl e
Il N A R —GE F BOR , 7R
BRE B AZLRE 1 55 D7 TTHR A BT RY S, RE N EAE
LBl ki R A S

e — M 1 N F0 B T ( Cognitive  Anti-
Jamming, CAJ) {5 R G, 44 W IR0 5 15 B A%
ST A T AR, AT 4R R A BT A ST
UEAF, 35 [ AR 256 % AW H BT 7R TR /3 5 A5
A R gE, HOR A & (Simultaneous
Transmitting And Receiving, STAR) HART 0 sz
TIBECT LRI (5 i & RN AR, R T 545

«  UWeFs BHE:2016 - 06 —22

i3 52 AR R SR AR SR BR

FET STAR HOAR AL, [A) e A N e 4
(STAR Cognitive Anti-Jamming, SCAJ) T {E#&E =
BARIET 2T . AT K IEAF 5 1 [ 7
SEAEHMUI A TG R, SRS B TR, $2 T
TH TG RGEMERE" . E— Bl oLk
RS, i & K6 ( Energy Detection, ED) 'ﬁijy
— M IEAUE T SR R A B T k)
FAUE M SCHR[13 ] SR Al 40 ED Sk b7 4 3%
N, BHFE T SCA] RGEHRHLIERE  (H R RESE 4
fift i Z e A ik vt 8 14 B T HUE 54 SCAT REE
A ARSI 1 BE AR R

1 REGEE

HIRWE 1 PR SCAY 15 RS0, fER S,
5 A AR AR AR RIC G, SHR A
e AR S AT U/Q TR, il T PR AR

EEWE Ais B T REERSHORE R S50 % R s B2 S G155 YT B H (2013ZC15003 )
PEB R B (1972—) 35, W) 2, B30, 1t A 501, E-mail : lihaitao@ bjut. edu. cn



- 166 - e AN o 4

5539 &

@a_____{§§}__+WA %m
A

; ey "
| e >
S
A
ey e | (e <‘ P
i W [ s @ e 38

— ik
Wl || I

e il

QRS

Bl 1 SCAJ {5 5
Fig.1 SCA] transceiver

( Voltage Controlled Amplifier, VCA) I j K%
(Power Amplifier, PA) J5 2R K% FIFIE
RN T I B A, el iy TS
How, ROIE AR A T ALE S (Self-
Interference, SI) i xq , Fi Al ETZ(ZiE T SCAJ &
GRS S AT AR
y=a /Ehx +B8 /Eghgxg +n, ac 0,1} Be[0,1]
(1)
AP W8 o =0 R TAEHUF NI TIE S,
a = 13R7R TARBUR WAFAE TS 5 5 by 0 THMS
5 R B SCAT 8 4t 4 Wi oms 19 15 18 28 v R AX,
W MIHE 2 T5 220 o, (83 R34 5 h g SCAT
RG] B B e i BT IEE R R
BRI E A E T 2K o WB R 53 435 [y [P
Hilhy |2 MBI EHCY Vo, F1 1 /o, (45K
A5 By N B SR e g 1 2235 2 5 LE A
Wy Bel0,1]3pmATIMARN, 5B =00,
A (D) FRARFN R CAT RGNS SR,
M0 <p<1 i, (1) FIR SCAT RGEHMF 54
T sn JEXRME I Z DA E N Ny B InE =
S
2 HitsEERNEE
R Hy Fmiit Bt N AETEE S %, B a =0
R H, ZORBINAFAESE S 2, Bl e = 1o AR
BRI, D) RIS S AT S
B N/E:hSIxSI +n H,
Tem T {Ehlxl +ﬁ\/E:hSIxSI +n H,
:—EEDF' JSCAJ%ﬂJ{Ej‘?gE/‘JE%% Igﬁ*ﬂ/}'i% s> Yscay E/‘J
BERE Yoo IRAIEEMG ) 1A
{O'SCAJO =,32E510'hSI +N, H,

(2)

(3)

_ 2
T scajl _Ela-hl +B ESIU'),S, +N, H,

:—th:‘ :USCA]O%%E—\‘ Ho EH‘ YSCAJ E@E@%ﬁ;gsmn %‘%R
H, B Yoo, BB . ARG SCHR (13,15 ]l 4, 75
REEMR P —EM AT, B TR B BK,
RIRER P, (H/N 7R Py —ER T B B
SR, Py RIS R . el AU 4015 50
8 G0 ) 1 B 7 A AR Y B T, DA T IR T
SCAJ RGP THLRETT
HISCRR[ 16 1 AT 1, 24 SCAT % 25 WL 3 42 il
(4 8 P05 18 2 AR T WL T 75 1 i s AR
ATHLE 5 0k SR # il 3, B SCAT R Gk
S TG A ROR) PR B D) e e 2 ek e
W5 P MER A THES. HATIEEERER
TR L A, Al AR 4 SOk (17 - 18 ]
TS A T TR o
ASTHY TR SR ) 32 SR Ay - AR AR R By
B, B LS8 AR R T 5 TR 5 /s
i Va I xg FI (D) RO R | 2 HLA
B B TS RS S AT RE AN ; fe 2, DI ]
BRECHA A A5 B TR U 5 AT RE R A
e FIEVERE I HTANE
TEfbeie Hy 8 R ekt ED 5095 iR IUE 5
SRR
v =k(B/Eghgxg) +n, ke {0,1}  (4)
A, B R B HLAE T E I xgo 24
ke = O g eI T LA U H oK s = 1 B g
AEEBOEF AL, HEA « 5 hy, BIES v,
(RERE Y, IR PR Oy 43 A2 M 2% 5 bR
WER N
() =2x?e( )lo(fj) x=0  (5)

ﬁq:‘,wz :NO/2,52 =K2,82E51 ‘hSI ‘2,]0< : )ﬂﬂzlﬁ/l‘
H— B IE DL ZE/R Rk, MG ED B3 1
= T



56 1]

B 5« R CR NFI BT T R G R Btk A

A Bk - 167 -

P{'PRV :Pr{logz(l +ySI‘hSI‘2)2VSI9YOBA‘HO} +
Pr{10g2(1+y51‘h51‘2)<VSI,Y123)\‘H (6>
P, T P AR AR B

2Vg-1
IPRV Sl A
P =e (vsmm \0) +

7“ SI v /\ i g,,
f (BF /8—)0'/1“6 sI (7)
/E\:EF‘!'YSI :,8 ESI/NO i‘%/j_\‘ﬁq:ﬁ[:'fg? :':l:[fA(SGlf'

Interference to Noise Ratio, SINR) ;A F/RFERH]
I TIR s & ARRBE R HITRT T BR R Ve R UL EE
Attt B TGS I e ME A i+
)2, FEAR B H, B T, SR et ED 5
IERRE S A
¥e = VEhx +k(B/Eqhgxg) +n, ke {0,1}
(8)
AR S RE R R ML AR 4 B R s ] 3 (5) %%
o AT RS, A s =E [h | +BEg [ hy |*
MR P 5 SRR

, g P
PIPR\ _Pr{logz( 1 +M) =V, Y, =\ ‘ H, } +
Y1 ‘ hI ‘ +1
Ysi ‘hSI ‘2
Prilog, | 1+-=0 50— <V, Y, =ed [H, £ (9)
Y1 ‘ hl ‘ +1
ZiHE 1S
AR (I FLE B
v By, 0w !0,
Q( Ex +,32E5,y «/J)X
x=0,0<y<bh w ’ @
#e(—t/m;}/mm) dxdy ( 10)
0,0y,
Hiy, = E/N, T35 517 H (Interference

to Noise Ratio, INR) ; 250 b, =d/y4,b, = (ygx -
)/ by, by =y + 1) /yg o HTRIALFRTE, AL
/7"\(1):2‘/’51 _lo

3 RgHEGTE

AR T ER B RE S, T e AR L 48 ED
FRILRY SCAT RGP IR BT 0 5 1 1%
RV, R AR A O

Y1 ‘hr ‘2
Ysi ‘hSI * +1)
WIS, 4 £ =2" 14

Y1 ‘hl‘z <§}:1_
')’51“151‘2"‘1

PﬂmzPr{logz(l+ <V1} (11)

o-lslo-lfy
Pout:Pr{ SR e_#[71
Ty Y1 T Y5100
(12)
H 2 (6) F= (9) nJ AT, B ED Bk iy LA

%Mlogz (1 + Ysi ‘h’SI‘Z) = Vg Ml log, (1 +

Yo lhg [*) < Ve P47 1825 1 1 T4l i o]
P, SR TG ED 5034 1¢ SCAT R GEH I n]
HT LB S 1) o IR R A B, BRIV HE IR 1 R 2
HITEER P T LI

o | hs )
P =prf o1 +777“"h; ‘H)avs. Jogs Ly [y [ <V b
1 1
Ysi “151 ‘2 Y ‘h| ‘z
Pr{ I 1+———— ) <Vy,k 1+———— | <V,
r{ ng( Y ‘h| ‘z+1) ¥ ng( Vsi ‘h'\] ‘2+1) [}

(13)
Jfaife eIk, A =2" -1,¢ =2"" - 1,41t
AR (13) S5 A M —Tpg g5 5L, B

yalhy I’
Pr{10g2(1+y Th f;_'_l) Vg ,log, (1 +7, ‘h ‘ )<V}
g

=L’Yﬂe o) (]
0, Ys 10y, D
] B, (13 ) 55 5 A5 MRS

A |
Pr{log,z( 1 +y75‘h“2+1) <V, ,logz( 1
1 T

e /ya) (ypc+l
J’ 1 *Y/(f/r J’(d) v )(’V ’ ) 1
—e dx e
0 Oy, T,

J’T L *X/(T bCJ’(d)/y 0 (yatl) 1 7‘,/0,,‘(1)/

O, Y/ Lya—

—e ~Lonya+odn)/ (0,0, 7iys) ) ( 14 )

CIR RN

Y ‘hl ‘2

—— | <V
+751‘h51‘2 +1) ]}

*1/(r,,‘dy +

1-¢¢p >0

a

¥ (¢/ys) (yx+l)
f Lew,, d f Ty 1 e dy +
0 0

Ty, Ty,

A (d/ys) (yp+1) 1 -
J’ — e /(T,,de’ — w/o',,‘d:y

Oy, (7)) () ~(1/y) Ty,

1-{p<0
(15)
Jop =0 L g E R (15)
')’1(1 —§¢)
PAFR Sk, B
)41 -7¢>00f,

Pr{logz(l m\hqz\ )<Vs.,10&(1
N ‘h‘

=1 _e-l/<m,%) +e—d>/(cn,yq)

h P
+ pa ‘ 12‘ )<V,}
Vst ‘ hy ‘ +1

O, Vst e (0,74 ta,dy)/ (0,0, 77s) _ 1 ) +

0. Vs +0, Oy
@) g, Ysd

0'/,")’51{ +o, N

—(oyL +ay)/ (G0 yy) _ e (o, yL +o.7)/ (0,0, L7 ) +

e -/ (0,74) O Ys e~ (0,5 +o,y ) (0,0, y5)7

_ oy L royd) (00,70 - )
> €
g Ys t0 o

(16)
2) %1 -{p<OKf,

75[”151‘2
Prdlog, [ 1422500 ) < log, [ 1
e +y,\m\2+J o

Sl —e Vo) 4oty ThI
T, Ys 05,

W2
+ Y ‘ 12‘ )<V]}
Vsi ‘hSl‘ +1

e Lo ystody)/ (00,77 _ 1 ) +

Oy, Oys
. Lvs o

e~ (o0.8va)/ (@, 0070s)

OnYsi e loyd +{(0,ys ta,yd) )/ (0, 0,7i7) ( 17 )
0. Ys to, v

e (14) | 30(16) K (17) 53 Al AR 2k



- 168 - e AN o 4

5539 &

S ED i F SCAJ R G ITER P 11 3 4

4 HEEZXR

R A EE I RN o), =0, =
1 HLRR IR R B THAE 5 I i /N i Vg =
0.1 bit/s, [ TIRZER e =1, 2 41T BB R
P, =0.1K,P, P™ 5 INR 6%, E 2 7]
M1 ESE ED B35 SCA] REER MM RENT T
CAJ R4, H A TR E B B, Kl 1 BB 22
KA ED B3k K15 1 SCAT & Guks i 1 Bk 5
CAJ ZRGEMPEREIE RUR IR, Xt B F M5 A %
EE R . H I T AT R RS A R0
M A TS S % SCAI R AT
1 CAJEDE: l W

SCATHGHE

07 -
ﬁ)ﬁ v/b/ | SCAVED
06

4 /ﬁ/q U —&— CAJED
04 —<a— SCAJED =02
{q DM —s7— SCAJED =04
03 : —p— SCAJED =07
/v/ g — 5 SCAIEGHED =02
0.2 —&— SCAJYGHED =04
M ; — o SCAJGHED =07
i X
0 5 10 15 20 25

A/ dB
F2 P, P 5 INR HYSER
Fig.2 P, and P/™ versus INR

B3 4 kR P =0.9 B, P P 5
INR (95625, HHIEIAT %01, SCAJ 2R 55 114 1 5 W 2% i
INR 3K . W, B TR B K, P,
R, SCAT B TE g Bk 2% . ootk ED Bk 345 1
P KK BHARL, 5 CAY 15 R G0 1Y i AR
MEE A, 58 2 iriggsie—ik.

B4 fige 14 T A FHRREB 1R
T ,SCAJ ARGkt P, F1 P B F A5 B

—<4— CAJED

—H— SCAJED =02
—&— SCAIJED =04
—%— SCAJED =07

0.8 e
. %&\ e
y \\ \T\ Q\A\\ — 5 SCAJBGHED f=02
LY
p
Ay

—5— SCATHGHED =04
—6— SCAJHGHED §=0.7

g SCAJ ED

£ 1w

; Wy S
0 5 10 15 20

Rkl /dB

B3 PP 5 INR FEAR
Fig.3 P, and P™ versus INR

AOXTECIOL. P 4 Al AL, AR B i (s 5 e
LR LT ) A, FE IR 2E SUVFI 26 AF T 0
AT 0 3 DU 25, S8 U 1 W e 3R 1] 34
FORARMERATE . AR 1 Al R kot
ED 5% (9 SCAT R GL4t XA R B HUE #Y H WAl
SRBEAT AR S, T8 B ek 3503k RE 8 A 0t A1 A
A5 5 A AR, 3271 1 SCAT il {5
RYEHEETE

10l = T T T

A~ ! ! !

%@\G\Q\d\q\q i i
M il <~

T e

107 — — (T =02
" — SR A0
) — SR AT
e O YR -0 N
= O feytigRITEI A0 ~:

A TR 07 U
107 sopebamsrirsis-0 / S E

O BoshiRsRiEEA=04
Y BOH R 60T A
- - Mo =02 b
- - Mo =04 4
R i s T
1

0 5 10 15 20 25
R/ dB

K4 AR BEAELE 507 E P ik ae
Fig.4 Theoretical value and simulation value of

outage probability with different 8

®1 AEBEMEIESHEPEBEIILL

Tab.1 Theoretical value and simulation value of outage probability with different 8
H B A 2 SNR =5 dB SNR =10 dB SNR =15 dB SNR =20 dB
P,..B=0.2 Hit(H 0.025 23 0. 009 99 0. 005 12 0. 003 57
P,..B=0.2 {jEfH 0. 025 07 0. 009 87 0. 005 05 0. 003 56
P,.,B=0.4 Fit(E 0.033 53 0.018 42 0.013 59 0.012 06
P,..B=0.4 fiAH 0.033 40 0.018 46 0.013 63 0.012 04
P,..B=0.7 Hit(H 0. 055 65 0. 040 88 0.036 16 0. 034 66
P,..B=0.7 fiiE(H 0. 055 55 0. 040 98 0.036 11 0. 034 95
P B =0.2 Hip(H 0.022 79 0.007 19 0. 002 27 0. 000 71
P B =0.2 [ EAH 0.022 72 0. 007 10 0. 002 22 0. 000 73
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*1(40)

Hh BT R SNR =5 dB

SNR =10 dB SNR =15 dB SNR =20 dB

P 3=0.4 FIp(E 0.022 55 0.007 16 0.002 26 0. 000 71
P B =0.4 i EAE 0.022 51 0.007 15 0.002 21 0. 000 70
P™ 3=0.7 HIE(H 0.022 48 0.007 15 0. 002 26 0. 000 71
P B=0.7 i EAL 0.022 47 0. 007 08 0.002 23 0. 000 70
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