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Abstract: The no-hit zone frequency hopping sequence is a sequence with zero collisions between sequences within a certain
delay range, and has broad prospects in quasi-synchronous frequency hopping communication systems. To reduce frequency interfer-
ence among users caused by the increase in user numbers in a frequency-hopping communication system, this article implements a
no-hit zone frequency hopping sequence generation method based on matrix transformation, with variable no-hit zone range and se-
quence quantity, and illustrates the construction process with examples. At the same time, a high-complexity RS code was construct-
ed as a comparison in this article, and the error rates of the two were compared through simulation under different signal-to-noise ra-
tios and user numbers. The results showed that when accessing the frequency hopping network within the no-hit zone range, the hop-
ping system using the no-hit zone hopping sequence had a lower error rate than the hopping system using RS code, greatly enhanc-
ing the multi-access communication capability of the hopping system.

Keywords: Frequency-hopping sequence; Matrix transformation; RS code; No-hit zone

Citation: WANG Letong, FU Lingang, YAN Chaoxing, et al. Design Method of Quasi-Synchronous Frequency-Hopping Se-
quences Based on Matrix Transformation[J]. Journal of Telemetry, Tracking and Command, 2025, 46(2): 34—40.

0 2| BRI 5 R G AR AL . HERE AL D =R Y
eI R G, A P AESE— RO ] B it

BRI A 2 — o 1 2R sz R AN AT B, @R OE A IE SRR 81 . X T
Wi A AR 2, BRI AR R B By SRl s RS, BEE AL B, M
PR R RO R R G RER RN R 22— (A AR R A TP Ok O, [ELRE RS 1

il

HemH. HEpIEMAHTRITFEmH (JCKY2021602B016)
I EHE: 2025-01-17; 1€EIHER: 2025-02-08



2025 43 H

E N OE B - 35 -

JEAEREA Ji ST A IS 2 A AN H B R ) Bk
FPAECREA RN, T LK 2 2R FTAR S R (4 £h
BEPLF 51 A= i BRI 51, 0t RS B8 . %1 [+)
RGNS, EAZERIA MR ZE5E4R L,
SR P TR] B8R X ) S A e R 48 STV R I T
Ol o e B A A0 R I R S A SR T 5 A1
) ) i 4, 0] LAAE B B 2 A, AR
1 X (LHZ/NHZ) B 457 51 it 30 L e b A o T
XA, B R B T [ 2 gy £ ik
(Quasi-Synchronous Code Division Multiple Access,
QS-CDMA) &G Bk 741

BT, &% TRl X (NHZ) BT 51 5T 32
WAMITHE : —2E AR IS AT, T2
A NHZ F7 51 A8 38 7 B9

KT NHZ P2 e FA0T5E, SCER[3]HH Ye #I
Fan 1 RHE S NHZ BT 9 A9 BRI 5, 4510 78
Bl X B AT SR OC R . SCRR[4]
Peng Fll Fan 25 H T E HIIUS B0 . 7 F BRI T 914
B AF R 19 NHZ 5852 i 38 5t . SCHR 5]+ Ye Al
Fan 25 th 1 55 56 35 1% & T e KR I D0 AH 5G 1Y
NHZ BkJ e 504, P 5IEA X TRIVEH . FF
FI BRI B BRI 5

KT NHZ PR i T LTS, SCHk[6]2E T
S RIS AR T PRI G 3 NHZ BE8UF 51 1Y
Tk, SHGRR T IR YA, SCER[7]E TR A
Tk IE T — R NHZ By 51, P 91 B4R R
THAE, SECAPEFE . SCIRBIG I T
— A3 NHZ By 91 i — ok, JfRa il 17—
T BRI E—— R, HS BT RG22 5 H
BEN PG FE . SCHR[9182 T —Fh i R DU AR 5
(BT S0 Y NHZ M 38 7 vk —— LB v, 240
JLT- AR AR . SCHR[T0TSZ R T —Fh i FH 4 16 L.
UG NHZ FP A 575 . SCIRITT$E T — Rk
JRA R E P 91 1 NHZ M 36 07 v, Hok 36 1 e 471
TE 2 2% B AN S S PEBE Oy T B RAF PR, X 8L
A SRR Z AR E T HOIS I BT, Mk 5%
GE BT 51 78 BRI {5 R ST R A L, AR
ST — AR NHZ P9 05 2, IR AR
48, HALG M RS w4 Bk T 51 AT 05 5
Bk

AR SRR TR W e e 1 S B T — R A E 1Y
FE R AT S B 0 NHZ P90 A 4k, M Lfg 40
Feo, ik 2Bulb T R G BEAE F P RO nm AR

AR . FOBA SO & 19 NHZ B0y 51 55 1%
GEr RSP H LB AR, AE— s i 2 IRl X
BN A BRI 250, I TAEGE RS 1S, RAIA
SCHIAR S 9 NHZ B8R 51 R > T 2R G iR
fiffE, ST EARAY RIS AR, B A 2 bkl
fREETT .

1 EARENXFMHER

FESCL: RHRIGETE R ¢ DM, TRAE
GH: A={ foofrs o nfo ) RERLEBRIITSIRI RN
S,=1{5,(0),5,(1),....,5.(j), .., s (L=1},5.(j) € 45
BB A w S, B PR R
BEAT A, K u A P kA 51 4 A
S={S..S,, ... S,  u<No TUHIFH A 2 A 1 BR AT
FI RO T B b, DB AH 56 3R 7R 1 2 R AR Bk
JF G AEAN [ J0E s 450 et A i 5

ARBREE G A L WK BN LRGBS 51 XA
Y, XYEBJE TS, AN 4E < () J& 3010 A B AH 56
TSN

HXy(r)=zoh[x(j),y(jﬂ)],re [0.L-1] (1)

AP+ k(G +rmodL, H.
Lx(j)=y(j+1)
0.x(j) £y (j+1)

Ho (o), /BB 312 1]l ok ik
W, F I S 2 Y I AChE T K
9 L BB B X = {x ()} 00 RTR I TE 4« 0
U E I

H@ﬁ):ﬁ}LﬂjxxU+anﬁe[aL—u 3)

FE X 2. JoRIEHE X (NHZ) Bk 7 51 1) 2 ATk
WP AR G T H A OCRIERE X . BAHSCREE X . T
R4 XA A= (4) s

Zom=max{T | H,(t)=0,VXe S 0<r<T},

Zeow=max{T | H,(7)=0,VXYeS,0<t<T}, (4)

hlx(j).y(j+0)]=

Zyw=min{Z, . Zoyu -

NHZ B4 e 1 5 ST 5E LA S {q. LM, Zyy ",
Hoh g N, LRI, MEFSIEH ,
Zyy e JOhiAE XA

NHZ Bk4 7 51 46 v 1A 225 910 18] #9509 B A
oK, EFGEIR B IO R DR Y, OB BOAR OGN



36 -

FREF, ETHEMEERINERDSRINFINZITHEE

5 46 B4 2 W)

H A A, NHZ B4 51 197308 B AR S0 B3 AH
Keon = E I E 1R .

H O H H O H
2Ng\u/’l 2Nclv’l

B 1 NHZBSFI A% = &R
Fig. 1 NHZ frequency hopping sequence Hamming

correlation diagram

NHZ Bk A5 7 51 42 52 2 B8 FL 0 il 29090, %) F
B AR R IRZ , B2 S 5aE itk
RS AR AR JLAR R R 2 & 90, NHZ ¥4I
LT PR ARPER

PR 1. A543 1 NHZ BRI 5146 S TP A AH 5C
SR RE AW E S L, WFRNHZFAIE S
KT xR AR A .

PR 204, A NHZ B P50 4E S {q, L, M, Z\, },
W HLHEF S Mx LIEERE, WA M x (Zy+ DI
WG R B, Toie R sh BIWEA 7 B, %

PR A AR R . LRI g =M X (Zy,+ 1),
S s Sg,m Sgwn s)

G| % St Sty il 5)
so sy St St SiC

FHUL AT N, AL P ARG R s 2, )
NHZ KJEE/DH Z 0

2 ETRSEHBINFE

RS 2 JE 0 N=g — 1 i ¢ 7o BCH(1#H - 77
o L -7 AR W R IR, RS RS 4455 B AT BR 35k
GF (q). 1E38 {7 il % 4% 9 R 4% A= iU RS 5,

RS(L, b)) S 5y n T -
BRIEA b5 B, E X T GF(q) i RS i
0 3X(6) A B ) 1) 4 )

1 1 1
a a’ a’!
G= @ a* PR (6)
g ORI

Krf, afE gl ARG, k=b-1 R KES
WL, BEBICHE N v=[v,v,,...v,, 1B}, RS
A I 10 S, =vG .

FH B 55 AT 60 RS, 2) AT DA 8 1 55 A3 9 RS 3k
AR %, RS AY B, 3 00 7 4 i 1k
REAF . GF(1048576) L) RS(1 048 575, 2)fi%

E‘Jﬁ%?ﬁﬂiﬂﬂsF[vo,vl][i I

L
14
2
al 048574]

v,=0, t R TN [Lad, ... a7,
GF (1048 576) " A 5L JC a W9 & /A= 1 22 3 R
F () =1+x7+x, ARG 38 oo R 1 iz 7k
Wy, AT RS B A TR, A H B 5] 2
JI7R

v1=15

RO R1R2 —}) »R3 > R4 RS> - »R17>R|8—Rl9}J
B2 BHAA 2% 69 RS % i v, 7%
Fig. 2 RS code encoding circuit with a period of 2%

Z SR TR AR AT B R, Tk AR
FHAZAR B3 0% B AT P 90 42 e A kAR o PR IR
FAELL S e b B, FE 42 AR 20 bit RS 547 3 —
A~ 20x5 WA R, AT LA 45y S bit Bk E 51
e FE AT LA o T AE A AR S, R RIE
Y150 R T, s 2 R A A A S 1] B 4
O E 3 R, XFEANEE R AR SR T AR
R AT P 20 A Bk AR

[RO+R5+R10+R13] [R1+R6+R11+R16] [R2+R7+R1+R17 | [R3+R8+R13+R18| [R4+RI+R14+R19]

L
K

1]

VYV

Q

o

v
Q.9 .9 .09
TN =S

=

i

B3 &R TER

Fig.3 Nonlinear conversion diagram



2025 43 H

E N OE B <37 -

28 PRI AR — 25 HE U S T RS 5 A4 Bk

51 0

0=1{13,22,1,14,16,13,29,1,14,16,10,22,8,16,13, ...,21,2,25,11,6,1,12,20,5,6,3,12}

WEFIEFREANT 0=10, 20 s

LU FEAT 9 ) B Ak B S AR 9 ) B 51 0

0'=1{13,54,1,14,48,13,29,1, 14,48,10,22,8,48, 13, ...,21,2,25,11,38,1,12,52,5,38, 3,44}

IO T 283k v 1] e Ak B ) 9k 430 51 ) A
FRGE, HAHARM A Ta] B 35 1S, DY B AT R
HE 71 a7/

M TSR SCEDR e S B PR RE . B
PRI, B— A5 B A A B3RP 91 7 30 HE X
B EARSCHE . SISy Oy, PR a9 B H AR SCE
K, REWEFIINEN IR A ETES; S
TEATORT, FPB AT A AR SCE L o5 1y 51 R 30T Y
3%, HLE A L% 81 H A R B DU AR DG
e, WO 2R P 9005 HOL DU B ARG . i
FEOmE, A RIDUEASCAE R 0, R 741

HARDCAE 2 5 3 4 Y 1.5%, s AR 3 3% 1
HAg R DU AR AR

TEREEERS B, PR A A2 RS 5 1 5 EE 5N
fag B, HO7 A X HE B v, WEIZETOD 5
EE Y PK AN R AT AR iz 5 . i ad i f oy
3, BT SRR H AT RAE— BB, Bk 5
M 2R EE B RERE AR B3R v, NI T Ik 2 W H]
TIbR TR,

3 ETFHEEEBREN NHZ B F 5

1A SC2 Af 1, NHZ Bk T 51 46 7] %R
S{q. L M. Zy}, Horb g I i M, LERFIIRIE,
MEFIVEH , Zg IR, T i
B

WETTE: WEBBREF= {1,/ ...} AT
VpRE, AHE A g ROBRISA S, Horb g /i
B q=M (Zy+ 1), IWITBREE F AT L g 4> B Mx
(Zyut DBEBIHILE"T; SEAA TREY L S — 1 MAT
(Zyu+ DIVBIFERE, 100 Cy o GE eI A1) X =
[x,1.1=0.1, ... Zy+1, H C & XHEH— A3 C,,
Hoc,,,=C i=0,1,..M—1,j=0,1,.... Zyy

0((i+x,)mod M)’
AL E—AmEFH X=[x/]1,n=1,2,...N,I=
0,1, ... Zuy+ LVE R BESE 10 42, K €, e JETE % 1) i
A X#HATNIREHR Z G, A T N Mx
(Zw+ D) B 5 B C,.C,,...Cy; 5, ¥ 54

C,.C,, ... C, BN BN — D MAT(N+1) (Zy+1)51
MIAERES, ¥ SFRNS={s"s",....s" "}, Hfs"hS
RUSE mATI i, me [0,M-1], Zad Fakes, nlpe4g
MAKE R (N+1) (Zot DIINHZBITS, Rl h
S{q, L M, Zy } =S (M (Zyyt1) ,(N+1) (Zyyi+1) . M, Zy )

WERA: R i i S = {s°, s', ..., " AT
FPBE, BIMAT(N+1)(Zyy+ DI, FFLIREE B
FPAEES I M (Zy+ 1), FIVECH M, P
FER(N+D(Zyy+ 1o FEUESHINHZAK N Zyyo

 FRIS RS N Mx (N+ 1) (Zyg+ D BIE
M, n=0(7)Hs

o So ST Sy Sy e S
o] s |2 So S| e Sy Sy e Sp
L] . )
* SIS s s ]
Mx (Zy+1)
IR B HE I €, i s R BEALAE &, WA EE

MIt%, Clie [LNDHHEHITEEHTHC 5
JEFE A MEE AR R, C P T A R A B R kA
THAE B AT 8, AR A, r DL
M x (Zyy+ 1) (8 T HE S K7 AT BG5S
W A, RS S A R A AR
2, A NHZ KEEN Zy,, 0T RTIEMB =M x
(Zyw+ 1), WIEMERR 1, HBHERETN.

TS AR B, A A 7k

VA 14D BB AL fo— S, RIBUBLSE F=
{0, 1, . A3MRKAR T 14 BRI A, W3 Zg M
1 NHZ )P, P H MECh 7, NBCH 6,
15 S{q, LM, Zy,t =S8 (14,14,7, 1) (BRI F 51 4E

(1)¥{0,1, ..., 13} FEHLHES Bl — > 747 2 51 19
HERE €,y T T R BN T HES )

[024681012T
C,=
1 3 57 9 11 13

(2) & & fie ¥ % B X=[x'1,n=1,2,....N,I=
0,1, ..., Zyy + 1, BEALBEE — AN EFEHEFE X



ST R APk A %), I X 4% FH P I AN TE) B B
IE o BAERZE LS i fE R, HIEARMER N
Bl 4 Fis o
[ e ] A ] - [ e
fn%’%]/\ ‘ “' X
MW‘ \ww;m | [ - - (Bt ;
ot PR gu ‘ @;
m 18 P iR
F A AL
wmﬁm

A4 @43 7% AR

Fig. 4 Communication system simulation model
I NHZ 51 5145 RS TS IG5 64 7

PRGN EH, AT it % iR Rk T
YOUE NHZ BkA5 750k RE . 1 ESEER 1 iR .

.38 - FREZE, ETEMERNERESISTIFINE TG 55 46 B 2 1)
[1 4 5 6}T C,__[6 8 10 12 0 2 4}T
7 1 2 3 157 9 11 13 1 3]°
T
?L’ CI(U) C ((1+Y,)m0de) Cz(i-;/'):CO((ierf)mode), e C4: [8 10 12 0 2 4 6} ;
| 35 7 9 11 13 1
Coin=Cofrsmans) T €1 = Cs Cs= [10 12 0 2 4 6 ST.
C_[z 4 6 8 10 12 o}ﬂ s o7 9 11 13 1 3)°
135 7 9 11 13]° c on 2 4 6 8 mT
c [4 6 8 10 12 0 2}T ““l7 9 11 13 1 3 5
135 7 9 11 13 1]° B C,— CoHB MRS, SHFEN
T fo 1 2 1 4 3 6 5 8 3 10 5 12 7]
5! 2 3 4 3 6 5 8 7 10 5 12 7 0 9
s 4 5 6 5 8 7 10 9 12 7 0 9 2 11
S=|s*|l=|6 7 & 7 10 9 12 11 0 9 2 11 4 13
st 8 9 10 9 12 11 0 13 2 11 4 13 6 1
5’ 10 11 12 11 0 13 2 1 4 13 6 1 8 3
s 12 13 0 13 2 1 4 3 6 1 8 3 10 5
Fl 0 o6 > > f _
lﬂﬁiﬁﬁﬂﬁs Ky Eﬂjﬂ*@fﬁﬂ’JS{q,L MZNH}— f‘x] 4575\_72;",&%&
S(14,14,7, )NHZ Bk 40 7 51 . 915, FHIES Table 1  Simulation parameter table
TEr=0,1,.., 13 B35 2, B IR E bk o7 ik SRR SO 3
ot S{q. LM, Z,} =S (14,14,7,1) i) NHZ Bk i T/ 107
BRATAT S A H 32
l = =
A, H. (1) = (14 Ooooooooooooo), H,(7) - 900.93
(00ooooooooooon) D TTpIEe BPSK
AT K hops/s 5000
4 MEFESERASH (=58 AWGN
. RS B 551 (2°-1,2)
Q )
7E MATLAB ¥ g TJM%JJ RYGLAATRILL NHZ B3 (32.32.8.3)

[ 22 B R ge b P A4k 8, X NHZ ¥4 5
FF RS Az it iy B4 P 54T 05 B EXT E, B
B JE A AN 8 NHZ 28 /Y 2 B 2E /N T/K T
NHZ 5 B4 R 0 i e L, W AP kA 51 76 A TRl A
MR 1 R GRS R AR AN S BT o

—a—RSFH (i
©—NHZJ#5) (#
RS (it

bit error rate

090 b

0 1 2 3 4 5 6 7 8 9
signal noise ratio/dB

BS5 REMSHRILT NHZ A9 5 RS 79 & eig Ak R i &

Fig. 5 System bit error rate relationship curve using NHZ

sequence and RS sequence



2025 43 H

E N OE B -39 -

H &S ATAT, BfE (MR L3, DU AL
B RGP REAR . Horb, SR NHZ B3 T 51
H B EN G 1 NHZ (938 15 RS0 R S i 28 F R
Pos MR RSHEAEE RS, HTHPEEZ,
B Z A AE s T4, DR i 3 i 42 R B4
1%, ELIEE S 75 NHZ W LR e, x5
I PE R PE BT ARAT G o I 1 NHZ B
NHZ J5 51 B9 3B AR G M Te ik R E, LR A% 54 L
K RS EE R E R, FiL, ZLUEEE R
SLiER DM, A e A 4%t NHZ P91 4E NHZ (NI
WIS A M

[P 5 Bk R e P A R R L 2l 7 dB, B AR
BRI R g A8, FE T NHZ P9 55T RS A4
A kAT B AT O B UE XS E, A kA )
M) ZR G i R bl P B AR an ] 6 s .

o—RS(2M20)F%
—=—NHZ(32, 32, 8, 3)¥5

102 i ;
Q / H
E |
5
5
- A
E 107 e

2 3 4 5 6 7 3
user number
Ho6 BEZAzitAT dBRHRDEMA P R T M 2R
Fig. 6 Bit error rate curve versus the number of users at a

fixed signal-to-noise ratio of 7 dB

& 6 AT AT, bl i NHZ 5 41 B Bk 4 3 1
RGP L, HiRm R LA %, i
7E.0.001 BFa, 1 2R FH RS 41 A ik 0 15 2R Gt i
R 2 bl A H P B 138 inAa BB k. X Ui
B P 2, R NHZ JF 3 H SR RS SR 31
WAE RGP RICR A BT >, NHZ fy
S EA R RbiZht THig

5 ZFRiE

BET RS 4 it Bt e ) DA HEHA B 175 B
LUNN S 2718 QEEADWI SN IN P Sd S To T WS I
T E R R, HEEE RGP
Bz, MEZ TPk, ARk
BT — i T A A ) Tl DX BB ), i
Fp ) .4 7 S I B I A 50 il A TR R R, T

I B SR IR B 7 IR AR, N TR AP
PESE (5 R G, HAgEmM il fEae . R
S ] 4RO A B R D vk, B R T AR
.

S 30k

(1] SRFEAN, 4764 BT BRI (1 S UL AR mi e X kst

P AR T [T]. VAR 22 (A SRR # 1R, 2023, 42
(2): 45-52.
ZHANG Xiujie, NIU Xianhua. The construction of opti-
mal low hit zone frequency hopping sequence set based
on finite field theory[J]. Journal of Xihua University
(Natural Science Edition), 2023, 42(2): 45-52.

[2] AT . BT IO X B A 0 BT (5 R G0 1Ly
Hr[D]. B#B: VR 5 K2, 2004

[3] YE W X, FAN P Z. Construction of frequency hopping se-
quences with no hit zone[J]. Journal of Electronics
(China), 2007, 24(3): 305-308.

[4] PENG D, FAN P. Lower bounds on the Hamming auto-
and cross correlations of frequency-hopping sequences
[J]. IEEE Transactions Information Theory, 2004, 50(9):
2149-2154.

[5] YE W X, FAN P Z, PENG DY, et al. Theoretical bound
on no hit zone of frequency hopping sequences[C]//Pro-
ceedings of the Fifth International Worshop on Sequence
Design and its Applications in Communications
(IWSDA2011), October 10-14, 2011, Guilin, China. New
York: IEEE, 2011: 115-117.

[6] YE W X, FAN P Z. Two classes of frequency hopping se-
quences with no hit zone[C]//Proceedings of the Seventh
International Symposium on Communications Theory
and Applications, Ambleside, UK. New York: IEEE,
2003: 304-306.

[7] Z=BHBH, RIS, Mo, 45 . — s 2 il 4 Xkt 7 371
B B9 M 3 T 05 D], 8 mCHE LR A 2 i (A AR B D,
2013, 33(6): 59-64.

LI Mingyang, BAI Peng, LIN Jinfu, et al. A construction
method of optimal no-hit zone frequency hopping se-
quence set[J]. Journal of Nanjing University of Posts and
Telecommunications(Natural Science), 2013, 33(6): 59-64.

(8] IWRIE IR, Mf il 2, TR IC . kT 4E 45 ) dee I TG A A
Xk A5 B A R 3 (00, TR AL T, 2013, 33(11):
3028-3031.

CHEN Haoyuan, KE Pinhui, ZHANG Shengyuan, et al.
Construction of optimal frequency hopping sequence sets

with no-hit zone based on matrix permutation[J]. Journal



40 -

FREF, ETHEMEERINERDSRINFINZITHEE

5 46 B4 2 W)

[9]

[10]

[11]

[12]

[13]

[14]

of Computer Applications, 2013, 33(11): 3028-3031.
o it 2L, B TR . T DBk AU 4 4R (4 i — 2D A T
[7]. ALETHRHL 2241k, 2014, 37(2): 38-42.
KE Pinhui, CHEN Haoyuan. Further constructions of fre-
quency hopping sequence sets with no-hit zone[J]. Journal
of Beijing University of Posts and Telecommunications,
2014, 37(2): 38-42.
VERUHE, 2R, BRI, 55 LT R LR 1 A
5 53 o SRRl 8 DX Bk A 81 B (], 6 1L R 2 AR
2021, 45(3): 262-267.
XU Chenggqian, LI Weijie, XU Qi, et al. Constructing
time - frequency two-dimensional partially periodic low
hit zone frequency hopping sequence based on Cartesian
product[J]. Journal of Yanshan University, 2021, 45(3):
262-267.
WEI Qianhui, HAN Hongyu, ZHOU Limengnan, et al.
New bounds of no-hit-zone frequency-hopping se-
quences with frequency shift[J]. IEICE Transactions on
of Electronics, Communications and
Computer Sciences, 2023, 106: 803-806.
HAN H Y, PENG D Y, PARAMBALLI U. New sets of

optimal low-hit-zone frequency-hopping sequences based

Fundamentals

on m-sequences[J]. Cryptography and Communications,
2017, 14(4): 358-361.

VIR, BRI 4R AR TR R B 41 S A i
U] RE TSR THOR, 2018, 40(4): 898-903.

XU Chenggian, CAO Qi. Construction of frequency
hopping with
dimensional low orno hit zone[J]. Systems Engineering
and Electronics, 2018, 40(4): 898-903.

SREET, OACHT, Bkl . —FhEET RS G i) NHZ Bk s

sequence  set time-frequency two-

[15]

[17]

J 9 K 3 5 s 0], T 5 S 2 i, 2020, 40(3):
98-102.

ZHANG Xiao, FENG Yongxin, QIAN Bo. The no-hit-
zone design method of frequency hopping sequence
based on RS encoding[J]. Journal of Projectiles, Rock-
ets, Missiles and Guidance, 2020, 40(3): 98-102.

B, R =30, ARG, AF . —FP LT RS A A v 18] R Bk
BB A B 0], IR, 2015, 36(1): 24-29.
LUO Xiang, ZHOU Sanwen, JIAO Dongli, et al. A
method of the generation of wide interval FH sequences
based on RS code[J]. Journal of Telemetry, Tracking and
Command, 2015, 36(1): 24-29.

ZHAO Yadong, ZHANG Yu, SONG Jian, et al. Design
of wide interval frequency hopping pattern for fre-
quency hopping mobile ad-hoc networks[J]. Journal of
Physics: Conference Series, 2020, 1584(1): 012037.
SZARUH, R T . OIS DX B/ 81 B R S et
], AR B T RS2 B4R, 2015, 30(1): 1-6.

PENG Daiyuan, HAN Hongyu. Frequency/time hopping
sequences with no hit zone: bounds and designs[J]. Jour-
nal of Chengdu University of Information Technology,
2015, 30(1): 1-6.

[1E & f ]
ERE 200054, MEARE,
ATHE 198254, ML, HFRA.
EHAE 1985F 4, ¥, BRI,
EFR 1979%F 4, ¥, B,



