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Abstract

Hybrid Spread Spectrum (HSS) link is a suitable and robust physical layer structure for the tactical ad-hoc network.
In this link, synchronization consists of two stages: Frequency hopping pattern synchronization and direct
sequence code synchronization. In the presence of jamming, the use of the conventional fixed-threshold detection
method increases the false alarm rate. Increasing the false alarm rate increases synchronization time in the HSS
link. To solve this problem, the noise and jamming power estimator block is usually used at the receiver. Threshold
value is adjusted instantaneously based on the estimated power in this method. This method has a high
computational load and hardware complexity, and error in estimating noise and jamming power leads to an increase
in the false alarm rate. In this paper, the proposed synchronization algorithm of the hybrid spread spectrum system
is presented as an adaptive threshold, based on the statistical characteristics of the received signal. In the proposed
algorithm, the threshold value is changed adaptively so that the false alarm rate remains constant at a minimum
value. The theoretical analysis and simulation results show that the proposed algorithm can improve the detection
probability and false alarm rate and reduce the synchronization time in the presence of a jamming compared to the
conventional fixed threshold method.
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Table (1): Parameters and definitions used for the HSS acquisition time calculation
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Figure (1): Block diagram of the FH pattern acquisition unit in the HSS Link receiver [7]
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Figure (2): An example of the frequency generation mechanism by the frequency reference
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Figure (3): The first hypothesis diagram: The state diagram for the acquisition time modeling
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Figure (7): The P4curves for both the proposed algorithm based on the CFAR adaptive thresholding and the conventual fixed thresholding in
the no-jamming environment
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Figure (8): The ROC curves for both the proposed algorithm based on the CFAR adaptive thresholding and the conventual fixed thresholding
in the no-jamming environment

JU Lyl 5992 5l Sy 50 i s g (e o Lo (28,8 i o 5 Jlowy] jof [ (e l eolicisl plSin -

G e 29 Olg U e 50 SzsS (sl Sy i )0 08 eolitl ol Wl poas e (55ley ST () 5l ol o0
3l Jgud BB witacew 6l ol o puss polie opl a5 [(VY) alal, gollas] wts sles Py Jlaie jo g0l Lialsél

()9



FA-Fe N Sl /cuin g Joz o leds 003lg0 Jlu [ 50 Cario )0 dinidignr sla g,

0 530 e eo5hsm ey L0 5 ol JUIS Lyl ;5 CFAR iy il s (sl 55l 531 2,550 -
4 Comd CFAR i85 il (e (s0loinins (63l l50T 06801 (655 L(Y0) abal) illas] o) 5058 ls5 wnss
63k 58T oo 5o i )0 el g8 Gl esS 5l P laie Pl j3 ol aibisl pgas pe (3le ST g,
e 4 3l 5 Wigdhioo Elyinl gy 090 02y Slasbe 3l g8 sladised CFAR (i aibiw] (e goleiin
Gl ) ST oo oSl 5l oolawl « SIS g (Solweoly o cdgpen Judo @ cplply cans alinl jlage sllail gl 5.8
Dgi oo Slgidin g 03 558 m,l5 CFAR g ailiw] p e (goloiin

bl 2 (e ol (3L, ST 02,5801 (sl s o Sl dasiiio lagiomio (14) 5 (1) oS 1o iy &
ools Gialed Jepmod Vo bl JUSw 4 jozr S b Pz Lo 55 2l allin] pous o (55l ) IS0T 35, 9 CRAR sy
b Sa jo a5 jsbilen b oo (Rl 5 3l ST Jloxal olsl lace &5 Gl B L 5 b o (nl )0 el oad
b, Jlezsl o,lg0n SNRj, 5 olodl ot sloz 5 polae slod slila (50 oo o]l )0 w9l oo 00y 35
Sy aplys iy ol aliw] pgwpe bg, 3l CFAR a8y ailiw] p citee (golpidan (5 08 akuw] by,

b ot sl el 5 (55l S8T Jlaiml ol ot &5 slayzel)ly pelul » siluopleren ploy (YO) alaly o
ceolie (1455 il oLl Jlid £ e patiie w610yl (8l3] 4 ansl 00 dlirs S 5 00 S
izl 05,5 QB 05 L olittl i & 5 Jlie a5 (5550 59 098 3luglejen ploj (EalS 4y j2mie a5 358 Gl
I3 4 e Sl 5 (YD) alaly 5o € 5m 55 s fST JLaiorl el sy o 5 458y 2lS 50 55l 521
D950 (5025 00 S el (giluplesen (o ol

=5 5 03 b siluplezen ploj 5 99 QLRS! (5 Jlade oltl jlase 5 ST(YO) akaly 3k o0 S)b
ol sales yolsdl )

oals Jisled ez ey lare ;0 N=30 g P, calizee polin o SNR;, jlade aw slil 4y (g5luylojen ley (VY) US55
Sy g0 D55 AiaS i 4 (gilwleyen loy VT olitil Jlaie #5050 e w0ad ce alaxde a5 b les Ll 0l
(ilopleyer loy silwand )o (nlply wes oo Glaled g0z bazme jo ) (plie a2el 525 V) UKD 50 iren
gdse QBN Tl jer g g ez Lasms 10 Pra e

—F— CFARTM. P =l 03
oal | =B =iy ets A
—afe— CLARTM. ' 0,001
— Y —Fixed THLT, =001
CEART ]
ash CEARTM, B 001 i
Fixed TM, P =001
02F i
ﬂ:‘

i 15
SNR, (dB)

G}L»)UJAT o9y 9 CFAR Gu, a5tuw! 2 o Golesdiy ‘sjbu)mi w;&g.)giﬂ Y djL»)lS..Zi Jlesis| ‘_gl.bgazlw Q) S
1B byl JUSoms 41 02 Connd b IS Lo 30 ol aibiws] o gun o

Figure (9): The P4 curves for both the proposed algorithm based on the CFAR adaptive thresholding and the conventual fixed thresholding
in jamming environment with JSR = 10 dB
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Figure (10): The ROC curves for both the proposed algorithm based on the CFAR adaptive thresholding and the conventual fixed
thresholding in jamming environment with JSR = 10 dB
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Figure (11): The HSS acquisition time for the proposed algorithm based on the CFAR adaptive thresholding in the no-jamming environment
and N=30
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Figure (12): The HSS acquisition time for the proposed algorithm based on the CFAR adaptive thresholding in the jamming environment and
N=30, JSR= 10 dB

2 sk Oske Gl aszy s 4 ke (al g el 2B VL olie sl 4 s, 99 G SLIT B 95z cnl b
ol w3l S5 T 3y 5YL LI Ly 55 Veross 51 Foel SNRyy psolie gl 4y s | sladl L5 (Y0) ala),
g a2l 5yl akl g 5l eS s goloidiy gy s3leplozen Gl CFAR iy dilinl 5 i

By alin Ty (e ooty (5l 0T (68l T (g, s ools (aled (V4) S 5 () U5 po a5 j5blen
by cnlply oyls YL Jlews SIS SNRj, polie pled sllay (g0 Lama jo i (6,105 kw T g, 45 Ccs CFAR
g amlss 5ol Sl 55 0T G5leployen

Sy LS (SNRip < Yeross s ) Yeross 5l 5ol SNRjp 00gate ;o S jobay a5 &8 5 as il olg oo cplplis
el 8l Sl (055 59 O il ple e

03gae (5514 cylplis ool al33l SNRyy ok ,5T sy o diaS i o Sy a3 Ly oiloy G ol Cymizeod
-VOdB L ol SNRjy 50 g, 99 oy (gokw lojod Loy OS] Jlode 1y yidis ¢ Jownnsd VO U fess =V O 0 SNRy
009y S Gieles jekaie ay bxisl jo .08l co 3l Yeross OB Ll SNRyy ;o (g3lw lojon (yloy BB lade oy yieS g
305 oo QLI -VIBAB (owy SNRip (Sbs e cg3lagloyon loj (2ol Gliee 5o soleiiing

231 (S 00 e 5 sl Wiy (53l Glagen Loy 3 (SloniS sl A ¢ S8 (S9n 2 090 e L]
el o 0315 aled (o5 D90 a4 (3ltiay (B9) 5 pomre (P9 S dmlie 4 bgype s (VF) JSCo

Pl Sgm o1hd Sype 35 4l Sl gle lojes (loj el S I 50 S8 i > 093 45 Oliee 2 4
A5 5o S 1y vae (nl (padeiie 0,90 Syl (o0l ((Sugd Y Coel 4y bgy e SlasMe oy Lol ok wales 15
PR

=) Sl g 0ad it s b o] 38l lSel w0g osliul (53le layes (sl JUIS 53 51 See 51 %0 & lee &
A aelss azlge S b 6550, gl g s S 18 P10 j00 5555 laJUlS

by albiwl (e goliniing (3l 5il 02 )5S0l (g5lmplogan oy (1als amo)o (liee (VF) S 50 (reizean
el Sglaie 30 N Calizee polae gl ol ailbw! & s CFAR

Saze 3 0eh pbml ile gloyer oy (RalS wo )0 i 5 gimzr o JUIS slaw lee (laslas cuwl p3Y cnlple
Sl i ol 31 5l slozas sl Lo JUIS S shast 1o 5o Fr sia) 355 5,8 5 5 Ve Ly N el a5

Y)



FA-Fe N Sl /cuin g Joz o leds 003lg0 Jlu [ 50 Cario )0 dinidignr sla g,

eVl il e S b amo a5 1) JUS Yo ol ooSl Wil cyad 0 4Kyl Jlaiol ,S30 Gl 5l T walgs

80 T T o7 T
1. EEENO Jammer Envirement : o ot

Ot i EJﬂmmerEm'lremenl. JSR=10dB: | i5osefmminaan funndiitions T
60 N a

3 Yo

E s

i e - ]

= 2

- —

= it

@ :

2 i

5 40- e 4

A X

S .

2 30 i

< 3

-4
20+ st =] Hrpen 3 o A al
NEE | _,,l_:,l =a 0 B

10 20 30 40 50

Number of FH search pattern period (N)

2 (e (Mg (55 ST 00 )58 (61 (a5 00 S by pitunsns (55lwslo jo oy (MBI o yd oyl 3we :(IY) S
SNRin = 7.5 dB (g3 <ulf ailbiw] pgww po (63l )15 b9y i CFAR  idg ailiw]
Figure (13): The reduction percentage of the HSS acquisition time in the CFAR thresholding compared with the conventional fixed
thresholding for SNR;, =—7.5 dB
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