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Reconstructed filter design for broadband communication
interference cancellation

ZHANG Yunshuo, WANG Ze, LI Yaxing ™ , HE Fangmin, LIU Hongbo, MENG Jin
(National Key Laboratory of Electromagnetic Energy, Naval University of Engineering, Wuhan 430030, China)

Abstract; A new subband division and reconstruction framework around the requirements of broadband communication interference
cancellation was proposed, and the subband division filter banks and the reconstruction filter were designed, which simplified the conditions for
complete reconstruction and made the reconstruction filter have the characteristics of complementary transition in band amplitude. The simulation
and experiment results show that the reconstruction filter can effectively reduce the bit error rate of reconstructed communication signals and solve
the spectrum fluctuation phenomenon in the process of subband signal splicing. Therefore, the subband division and reconstruction framework and
the design of the reconstruction filter proposed can effectively reconstruct the frequency-hopping communication signal, which provide new technical
route and theoretical method for subband division and reconstruction engineering practice of broadband interference cancellation.

Keywords: broadband communication system; broadband interference cancellation; subband division and reconstruction; subband division

filter bank ; reconstruction filter

A5 TR Bl XA by FiL A — 1 A
Or, R SUBARTERE SRTHMA R AR SRR Ko .
AR R T30 H A R 2%, O e Jin )
LT T R R A G I E Y SR B R
N T A H 45 R L T U, A R A
SR YIS AU £ (A i $2 TH T T HERE T, 8
BT TG ko B A ) R R
—TH SRR, BB KT R IR A [ TR A

S H H#1:2022 - 10 - 28

BRI KSR, THEHLAY A SE RIS R B 58 2 hE
58 S DA I SEMF BIE (5 R GE . RINFRGEAT
S S W0 8 BN S Wasla S N W)
FER R 6 ) 09 38 15 A0 RE , ik A 52 4L
(8 S TP HA .

ERx RIS R T, A LR R T A
[ {55 BORE R Juk B 3 1 4 il ) 23 XA
R IZ AR RE 25 4R THE R I & A Ku T30

EETE : BEE ARG EREZ A SRS H (2021 YFF1500100) 5 [E 5K F AFRA S YT DI H (52177012) 5 E R0
R ARG YT DI H (52025072 ) 5 HLAEREPOA 42 [E 3 e S0 00 % S 4 YT B 0 H (614221722051301 ) 5 #1048 SRR 2 2L 4

Wi H (2021 BIDS007 )

F—1EE KR EW(1994—) , T, HFMEFE N, B0, E-mail ; gudaowork@ 163. com
EEIEE WA (1988—) , 5 LU, B A5 5, -, E-mail ; whhit1 73@ hotmail. com
SRR REM, T8, WA, & T IR THRAE SRR T]. ERRBORER, 2024, 46(5) : 37 -44.
Citation :ZHANG Y S, WANG Z, LI Y X, et al. Reconstructed filter design for broadband communication interference cancellation[ J].
Journal of National University of Defense Technology, 2024, 46(5) . 37 —44.



.38 - B BE K 2= 2 i

55 46 &

MHTTHLRE 1o SEME T PRI — B MERT, T
PUAG 517 SO, 25 DU S 00388 T8 300 5 00 A 1) A
28 B, BOR B A 22 i A X i 5 5 5
UM 5 TCIEAE T A W BA A BRI, AT 5
BT YU TERE T B e Ah, S A B e 1 1] )
225t LA B OICE AL 5 1B 1) 2 A8 B 2 A Tt
HTRH AR SCHR (5 ] 4 AR B AT 5E A
40 MHz[#{Ik 2 10 MHz i, T 403 1 #2711
12 dBLAL, PR s AR A5 A BT 5 ] 25 4
THEIHHRCR . SCRR16 -9 ] Ffs il T 1R
SAERIIN 0 2 AT FRAERS AT N i)
SEHHCME S RE , LU L2 E 5 0 Ak B Al 98
SCHLE I T HAM R ey AL R
Bov TRl FifE 5 A BOR BERE RIEEETR T+
POXHH B, A5 L J5 BE ek Bk At 50 4 1
4 AT s il 41

TR 05 FAG BRI -4 0 B e 2
Rty VLT W 155 o Ak 1 T SRR I T
5T, R EAE T S N AT AR 1R S AL B FE R
JH B A4 90 5 45 s 25 A 1 A 5 M T
SR ARG IR R AL TR I —
Wl s FEA IS BT, PMRIE T 805 55
FHARSGI A Z I EMBEE " k(16142
HTBGE B IR BAR R AR AL, T L RE S e A
{1 53368 1 1] )98 o R L RIARLE 2R B (2 2 5 LA
Tl IS B0 g R 2R . A PO A Y it b, SC
WAL 17 PR R 2] T 2485, 51 T 2085
frdl, KRR GAE T 98 B 41 1y e it A dre. 3¢
BRL I8 =19 J9H 1 T 8358 e H Y IR ACUE I
e 2H A R B 25 A KB A R & A B HE B, S
BR[20 =22 JHIFSE T 4% 3% 1A ] 5 245 200 ] 9 o
SR P8 S 0 5 2L, 3 o R o8 A M AR PR R AT
G A5 i L 1) BE T A 45 8 D R O O
HyBeite SCHRE23 — 24 ] 3 5 A B A T ik 5
PR RO B R B B e AT AL vt ot — 2
FEAR T B A AL TR 22

BA 09730 3 5 AR R TR
(V- S i  R R V 7 € B R X
B A ) TR S AN S R S
ST (o v 1N o N e W R e U S I R L
JrEE, X Tl R Ay UE AR AL R AR AL R A
AR bS5 SR T T B S B

1 FHEUISSERNSEHS

ASCHR I TINEE LFrs R or- v E
SEAMIEANELE . FENHIE S E SRR A TR

ORISR AL, ST R T 2R TR SRR,
PRI ZA TG S AT REAT T AL AL B 15 515
WG T o HE S 2 TN AL BEUS 22 A EEAY
TEPAR LIRS T (5 S U IR B 4, R 58
i L ARAORE Bl A S A L S S 2
T ESE I SEM.

A =
2 s 4]
A 4y o I

EHES

TR TR
Fig.1 Subband division and reconstruction framework
2o T B R o S AR AR AN P 2
7, FeHP U LR A] A A — AL IR
JEO 1 BB R AL, B Tz T A 5 5 e AL 1Y
FEIR AN o M T A A e R B AR R i
IR . B, (") (H(e™) 5351 Tkl
SMUENAR A B, (n) FNELRIE P AR H (n) HYSI0E
B, B RA LML, bR RBH T o,
RIS IE B AR B, () 10 HR, Hoh
L<m<M,M BRI HFHE X)) Y ()
Ir A SEA AR 5 x (n) HEA(E S y(n)
AR 20, WAL 55 il AR -

M

Y(e”) = Y {[(X(e”)B,(e")8(0 +w,)] -

m=1

H(e)8(w - w,)

= SHDB(GIX) (1)
A1, 6( ) FR A T

TR AR
| o ===
x(n) IﬂmI I,JMl
S e S
| | | |
! i | ! i
TR
i —
e IZCH o I ket B o S |
o, bl R
: : II I : : |
! Ll l ! oo
I
L

B2 ik o E A A R
Fig.2 Mathematical model of subband division and

reconstruction
FE S ) TR L A
M
T(e) = 3B (VH( ™) (2)
m=1

Horp H(e ™o ) MY T EAGUE PR H () FAE
IR T O IR o, IRFHEE T (™) 20



%5 4

SRR, 45 < N SE A 3 {5 IO B EA D A B -39

KA IE TR g AR5 AR A T A S R I
Wt sk A, ARG 5 R R A S IR ZER
EAIR2E RS T RS XSG
WAE SRR EE RN R, ERIEERE
5 5 5 FAFAE I L T AS 7= A 1 5 R0 03 2R
BT, B AR RT AR N TR
me%%rﬁau AT A P i

Z\wawaM>vl (3)

m%ﬁﬁ PR T 4] 3 DB e 21 S AL R
Peas AL I | A Bt A GRIBE B e A AR
AT B2 )28 5 R 5ty (TR B R 22 1 2 2L
Ko H HIX — FE, X SRR A 00 5 —
P B AT EAT 9, T LS B 58 4 A 450
AR TR A

2 FHISRKFARZT

AT B R kiR e 2H I AR ATk e
SHEMF . REHEEE RGN 50 G SN
x(n) , HACREEM £ B £,  TE ARG Sl 1T
M A0 53 B A 2, >R PR AT o R 34 29 3l

A i = 0D W5 e LS 1) e AR (1
f;to _f;tarl
furigiun_Af = pT (4>

AHRE 45 T HO %0
oo 4 2XMS 12) Xoigiondt Ly o ey
(5)
TEDRUE ST SISl R 5 A (S
S 0 R B K S il Y R 2 X S ena » T
AT Z A —E BB X3, fILnT LA

AT Ak > G 8 D A P BT, 45 3 4% 1 R 23 D
&%%éﬂ F)" Je s S L
So =f‘nrigion7Af +2 X fiend (6)

F 30 i A 2 A B R R E LA 3
i 3 AT, TR uE e 4 B, (n) 2L S, N
LR EASHT T R A Sy B 8 A o %?
AT 215 30 308 D5 A A R EAT R AR 2 1) S
UGB EE B, () T%ﬁﬁ?&ii%%ﬁ%iﬂ,ﬁﬁﬁn?
KAN:

B, (n) =B, (n) x e ¥ Woisma® =12 ..o MY

(7)
A Rl 0 s 2L E A Y L A R, )
PAGRUEAEAS 417 T30 1 2 R 5

‘Bm(ej“’)‘:l w &$w<w +ﬁ (8)

m) )

WRfd/dB
2X S pens
L A e T
L 5 Lo LmE/M
v v
N f;top+f;xtend

K3 iR DR s A BT R 1A
Fig.3 Schematic diagram of passband design of
subband division filter bank

A1 <m<M,w, =21f,0, =20f,. PHETF
(8, 2 o HL ) I8 I8 ot 11 08 1 15 o i iy Y [ A
Jo ZWL DRSS e A E . U (8) LA
X (3) 15

wg

- Wy
(w-w,) — - = < < paikia
m; |H(e Y=1 o, > o <o, + >

(9)
1, 58 2T 2% AR A IR BURE A i LR AL
TERUH IR T M TR IR P H (™) I98EIT .

3 EMRRESERT

MRS 1.2 5 2007, 7658 2 M S 1HE S
FOFER b, ST 4 TR 75 ) 43 U s 4L S A
SEILT TN, IF ELRRAE T EA BB £ A
TR, T4l T 52 2 il 451

A I — P I (U5 D s (1 4
FIF 7R ), 165 AT M 4 1 LA B 29 T 4510, 15
VI BB RS H (n) 6 53 L 4R TR M A B 4%
T2 B H(n) =H(L-1-n) , Hf L g8 3%
KB T IR A% MR R B H (™) AT LR
Ay W S 7 5 R4

H(e*) = |H(e) [ = [H(e®) |e 7

(10)
A () Sy UE 28 BIARST IR 137 5 N/2 Sy 08 U 2
IS4, N U8B B BAE; [ H (™) |2 IE i 1 R 450
WA o 5 T AL R 25 b IS AN T 0 LR
HAL A AEIR (1),

TEfE/dB A

HE}

LS, U /MHz

K4 EAIERAR R B

Fig.4 Schematic diagram of reconstruction filter



£ 40 - Gl R RPN

55 46 &

M M
H( ej(wfwm) ) — H J(w-w,) ejga(w*wm)
m2=‘l m2=l ‘ ( © ) ‘

(11)
T 0 (L) o 2% 7 0 iy %) 2 A4 8 5 A
(R REAIUREPE AT AR A, BT DL ORIEHE N 38 2 Y
MIZMEARDE , FESEBLTCAR AR LR AT HE T, 2E A T
A N BT S R S R A AR, Dm -1
TS m Al ], L) AR AT LR
NN
| (@m0 ‘e—j%w—wm,,) + [H(&@ o) ‘e—%(w—wm)
(12)
Hrp W, =0, |+ worigimLAf,EDlgl‘ﬁ< 12) Bty :

|H( i@ om0 |g 2w on-1) 4

|H(el@-on) ) | I2(@-0n-1 gi2omismyr  (13)
Arf (om0 ) H( e ) 43R TR
IR 28 H () FASIR o, 0, BEEI.
5 m kT 1 T2 8 ML L T
(R TR, e 2wy g BT ST T
IR PRI , 754 45 S0 7 0 T g 0 0 2% 1)
S T LA A

A T 408 U 28 2 A L 1 S Bl b 9
%IE,

1) BELA 58 2 0% K, DA T £ 5 I A 405
AN, 5 AL T 8 1) T 50 RE 05 b v v B
AN 3 o T D SR R TR B
GRS, IE AR N BB, T LA A2 LA
FEWRRE

2 ) HELAIS -4 61 £ 2 i B0 K0T 6 2 0 1 R

WAHE WA THAIE Y (M) | = 1.

FAL ISP A OCE PR UETE A N B S0 R B8 /)N, i
g Z I g AT B

K5 Bk m = 1§75 m 5 X (1 E
DB A MR AT L, 19127 1o 0 1) 58 B MR
(fr 1) 72 VD0 5B PR A 4 1 5 A
1, M5 BEEE R 0.5, XF N R IE R -6 dB,
PR EAR B2 R I 73 B R D AR f,,

TfE/dB

—6 dBRBSIN
THgm—1 Fim
0~ 3 i :
VA R W
St St 7 i3/ MHz
2

S AN eF IO 1 A 20 D e T s T
Fig.5 Schematic diagram of reconstruction filter

corresponding to different subbands

FO—2F 15 S T FE — 6 B BEURATIEIHEOR , o

TEARUEAS B 430 ek JSE A 14 [ I, A1 5 2 el
e BT AR B AL 5 4 AR, BT Lk LR
KRG Bt ad P HA T 5 Rz IR R i I
U P AR FARSTRIR R, H,y ()

e V2 wel0,w,)

H,(e*) = cosz[ u (w—wp)]xefjwm welo,o,]

2 xAw
0 we (w,,m]
(14)
Hi Aw = 0, - w, 53 U8 58, 2 80 17 5
AR GRVR RERR I T LA J o BT 1) i B LD
[Hy ("m0 ) [+ [Hy (e ) [ =1 (15)
X (15) AT 0 it 28 O dp 2 1) 450 48 i )i
H, (") H 3R Hb LA IR B EANRRE | BT LA FH 3 i
Ji BRI A BE S AR L gt /2 58 R A AR Wi
(14 Fir 7 A3 0 137 S Ay 108 BB 48 BT 0 DG B,
A SCR A A IS 1 S BT A E R g
P H(e™) I H ARG AL o6 800T L334 e/ ME
TR IR 25 1 B KA, B /IR KA AR D
Minimize ( max| H(e) —H,(e”) |) (16)
)] 7 SCRAT = AN uE s BT i AR
1) @, AP LEIAEIE , By 1B A [] 8 38 45 7]
iRE T
o1 = max [H(e") | (17)

wwwww

2) @, ARG HRR M, PR IE I 7 1 R
.
¢, = max [H(e”)[-1 (18)

3) @y MERTE TR, 77 18] 8 17
JE M JREEL AN DN
¢3 = max “H(ej(“’_‘”"l")) |+ |H(e“ ) | -1

pSOS W

(19)
TEARA RS Bty -, %o 2 i O e 1) =4
FrPE AT 2R, 5 TR RS &, BOT RS
HIBIME 6.,
<6
s.t. {p, <& (20)
p3sSM
Horpr, & My i B IR ME R B, & 2RI IR 32
RS I EIZ B ELZ N, R I TR S B vl
BVPREM R ZE . 0 A IR I A% =Rty
5, BRIAl H b R, SR A2 I 2 =20 A
1 EL U A8 V7 TR P B AR B o



%5 4

4 FESHEXR

Py FCR A WRRE [ 2 800 MHz 3] 1 GHz (Y
TEAT BEUE (5 R GE, B it 1l Rl o DB AR
A5 FAL IR D, 0 A I DR A 11 A 5
HIRE , RGeS R 57 R iR 2E , e
A FH A 3 iy f5 E A B I 0o 3 15 PR RE A2

MR BRI, IR (4) ~ (6), it 5 A4
A7 4 o0 U8 U A 2H, IR 58 D 10 MHz,
Y%l S A S R R IR AR 1 TR . AR
1R I B, R A SR A s
Hey s AL E B A , $ B (14) BB FE A IR AR 1
AP AEARA N 18 MHz, BHAF 4G4y 22 MHz, [y
Bow 5120 FEF(20) 45 ALY HR 1, BEH R
o K AH 6 2 - 60 dB, il iy i - &
0.000 1, ity & IR RE R EAG R 22 4 0. 005,

F1l BFERERETCESHOME
Tab. 1

Pass band range and center frequency of

each subband filter

E Wwkly @wElE
Wi/ MHz B/ MHz  $i%/MHz
T 795 845 820
T2 835 885 860
A3 875 925 900
T4 915 965 940
TS 955 1 005 980

6 N EFUEP AR EAROR , K 6 (a)
SRS T R IO P A D DB A i A 15z 18 6 (b)
RS A SR AR S B R AR N 1 6 (¢ )
RERGERIEEXS . AR AR E AT RS 2
AT W L R AL AR (9) 45 o8 4
iﬁm# W5 X 7 P ) 0 4 1 TS A e

AR, AT A BR300 7 B A i U
%ﬁ,{mﬂ%ﬂ?lﬁlmm&*ﬁ%b% Mo HHIE 6 (c) Al
TAE B -6 dB 22 B U8 48 78 28 U8 B
0.015 dB Ay HEE R 22 , AS SCHIr i 0 J R U I8
EAIRZEHAE 0.001 dB DL T, ARy E
A U0 s AR M Tl R T LAY S DR 1
TR DL -1 [ 0 B B AN R, B N EE
PR 25, AT DLSE BRI (A58 A o

FEHIE S IR AR 0] RE RZ {5 5 B IR RS %, [
fGEfEMRE. T LRk ds S0, it T
WA 43 5 E A X 3 i AH A B 4% (binary phase

SR, 45 T AT A 00 T R EEAL I i B0 Al
10
I T & T
—101
Q —20
g -30
—40
=50
_60795 840 8I80 950 9I60 1005

HAR [ MHz
(a) S A X RO F) T AT 20 D52 45 Wd AT

(a) Amplitude frequency response of reconstruction

filter corresponding to five subbands

10

—40 b

=50 |

_60 1 1 1 1
795 840 880 920 960 1005

FHA/MHz

(b) 5 A7 1 5 R R B e 5 A1 W A0
(b) Amplitude frequency response synthesized by

five subband reconstruction filter

0.025

—o— —6 BREIBWPS
o000 b e ERE
0.015 X
g |
0.010
E |
0.005
—0.005 - - n -
805 840 880 920 960 995
A /MHz

(c) A NI EMRERT L
(¢) Comparison of reconstruction errors in passhand
6 EEALUE I A M E A SUR
Fig.6  Reconstruction effect of reconstruction filter
shift keying, BPSK) {5 5 18 {5 1% 45 3K 1% 52 i H.[7]
G B & /b }/Fﬁ % 4t ¥ ( minimum  shift keying,
MSK) {55 HEAT XS Lo AR Ta A Bk Aot i 15



42 e PN

%5 46 &

AGNG T R Z HA B BPSK {55, H
BRI 5) 3 A AE 800 MHz ~ 1 GHz YA SE N o 4>
BIRM -6 dB 2B PE P ar 5 A SCBAT I E A JE
e CEE LRI ERS Y Gl N Ry (- N(]
BN B9 5k 22 . 18 7 (a) 24 500 5 MHz
(1) BPSK M4 f5 5 P IE , Lo 74 1 57
7 2 WSS EAIAL, 18] 7 (b) P AR]85 s 1 T
PfE SR 2. [T (b) 2 T 0 i Rf A0 O F) B
PR 2E 2 S EE A (E 5 I BE W28, -6 dB
SEEUEP oy EAGE 5 i 25 TR B N IR R A5 15 5
R E R 20% , A% SCH H A FAL 118 0 o A4 fi
ZE ] ATEITE 4% LI, BERS B35 PR ME 5 FAg i
P20 LIRPIRRA R 98 I A4 B AL 5 BPSK 3 i 5
MSK il {55 DA% R 47 H i & W& 7 (c) L (d) Br
No —6 dB SZEIEP AR IR R AL AR S T HE
AR ASCBE T E AU X BPSK 55 MSK 3
HS AR AR NI R, 1T ARG UL R A R
HHEHhZE, S ESIRME R B 2E AT 0. 1% o

0.6
04F
02F
>
Z
82 o
lﬂéli
—02F
—0af
—0.6 - + *
0 500 1000 1500 2 000
A /ms
(a) J5thh BPSK i {5 5 1 s e
(a) Time-domain waveform of original
BPSK modulated signal
0.20
—— —6dBREWEHEHR
015 —— HEWIRRES
0.10 F :
z 0.05
=
lﬂéli
0
—0.05F
—0.10F l
—0.15 - - .
0 500 1000 1500 2 000
A /ms

(b) EHES 5 FLE BPSK {55 1B 5k 2
(b) Time-domain waveform residual of reconstructed

signal and original BPSK signal

z
&
—+—BPSK{ SHIGH# R i
—+— —6 BRERYH
—o— EMIEN A b
107¢ : :
=5 0 5 10
CAGEL S L

() FHGX] BPSK {55 RIS I

(¢) Effect of reconstruction on BPSK signal bit error rate

10°
1

1072 F
z
&
107 F
—— MSKIF S 4, i
—+— —6 BXBIRH T
—o— IR L
107¢ . .
-5 0 5 10
WorHRME Lt /dB

(d) HAEXS MSK {55 1A 4 (14 5 1]
(d) Effect of reconstruction on MSK signal bit error rate
K7 SRR SRR S SRR
Fig.7 Influence of reconstruction filter on

communication signal and performance

IR P 8 S HR Ty SRAE A S T B IE S
B RO, B IR SR T i Rl
O SRR IS R A B, K AR e A A
i S i 10 0 2 4 S (R ORI A, 3 ok At
W SIS . AR (S S IR
HATFH RN RE R, 7381 T 306 A R 238, i
TR 5 HA A EDFERCR , NS5 £

S i

BRI

K8 U S I DR Sy &
Fig.8 Experimental scheme of broadband

signal spectrum splicing



%5 4

SRR, S5 < R T ST 380 15 00T T A TAL 8 B Bt - 43

IR T MR A A PG T i R
Or SRS EM . FAE AT R R S
9 Jr7R  FEASUHT T PN T AR A5 5 2 33 i B2
L IIE T ARSI A E A B B AR B T ik B
RGP TEARCR , B TR e B

—60

—120

760 800 850 900 950 1000 1040

FHA/MHz

B0 T T 1M {3
Fig.9  Spectrum of broadband white noise

signal after reconstruct

5 #ig

A SCH 8 T AR JAF TP T 7oK, 4R
T YRGS Al o 5 A AESE, R %
AT LT T EA UG A, B TR E A
., TESSREWMIL T -6 dB & U8
i, A SCHR M A DR Dk A U A IR Ak R T O
T e A I AT B P 5% 2, TR U0 IR ) W A e
i1 2% AT AR IAE 0. 001 dB DL, S A4 BPSK
B 388 A5 5 15 25 BR A8 2 i 76 i 46 1 5 A K 3 1
4% LI o RIS HA5 R R FH A BPSK f5 5
VRRD AT UGS A4 BPSK iR DR ph 28, 5
BPSK HUS 5% % i K 22 At 0. 1% o A
P RE T AR SCHE Y A S B AR T Ik
A FR G 5 0000 — B0tk & e, FF e T
H TR S

22 3R ( References)

(1] =, KRG, #54, % FaaEa TIiee R Rk
JELT]. s E T REANE SRR R, 2022, 17(8)
801 —808.
YUN C, ZHENG T, JIANG P P, et al. Construction status
and development trend of military communications anti-
jamming technology [ J ]. Journal of China Academy of
Electronics and Information Technology, 2022, 17 (8):
801 -808. (in Chinese)

(2] Wfi, #5346, JARR. 5 B Bk 08 15 B o 4% il i
HJ]. d#fEHAR, 2022, 55(7) : 950 -955.
YANG M, CAI'Y H, ZHOU X C. Adaptive control design for

(3]

(4]

(5]

(6]

(7]

(8]

[10]

[11]

[12]

[13]

[14]

HF frequency hopping communication [ J]. Communications
Technology, 2022, 55(7) : 950 —955. (in Chinese)

i, BFH, 7, . Ku B Ka SO0 B TL58 b vk i)
ZMs T X I % 8 ) Jr ¥ CN 113922889 B[ P].
2022 -02 -22.

MENG J, WANG Q, HE F M, et al. Multi frequency
interference cancellation device and method for Ku and Ka
dual band SATCOM ground stations: CN 113922889 B[ P].
2022 -02 -22. (in Chinese)

dit, A, BT, & BENE S T RE.
CN 113438035 B[ P]. 2021 —12 -31.

MENG J, LI Y X, GE S H, et al. Interference protection
device for ultrashort wave radio; CN 113438035 B [ P].
2021 =12 =31. (in Chinese)

ZHANG Y S, HE F M, LU Q R, et al. Wideband adaptive
interference cancellation in spread-spectrum communication
with subband bandwidth design[ C]//Proceedings of the 9th
IEEE International Symposium on Microwave, Antenna,
Propagation and EMC Wireless
Communications ( MAPE) , 2022.

FANTE R L, VACCARO J J. Wideband cancellation of
interference in a GPS receive array[ J]. IEEE Transactions on
Aerospace and Electronic Systems, 2000, 36 (2): 549 -
564.

BUCRIS Y, COHEN I, DORON M A. Bayesian focusing for
coherent wideband beamforming [ J]. IEEE Transactions on
Audio, Speech, and Language Processing, 2012, 20 (4):
1282 —1296.

YANG X P, LIS, LIU Q H, et al. Robust wideband adaptive
beamforming based on focusing transformation and steering
vector compensation [ J ]. IEEE Antennas and Wireless
Propagation Letters, 2020, 19(12) ; 2280 —2284.

CHEN X Z, SHU T, YU K B, et al. Implementation of an
adaptive wideband digital array

Technologies  for

radar processor using
subbanding for enhanced jamming cancellation [ J]. IEEE
Transactions on Aerospace and Electronic Systems, 2021,
57(2) . 762 -775.

Sk, T, AR, % LB R R A
VT30 368 9 2% 8 % 77 ¥ CN 114513228 B[ P]. 2022 -
07 - 15.

MENG J, HE F M, LI Y X, et al. L-band high-speed
frequency hopping data link non-cooperative interference
cancellation device and method: CN 114513228 B [ P ].
2022 -07 —=15. (in Chinese)

WA, PRERMY, tRIUE. TSRS B R R T].
WO FER, 2020, 36(1): 142 —148.

HUANG J, ZHONG Y P, XU Z X. Review on the progress of
reconfigurable filter research [ J ]. Journal of Microwaves,
2020, 36(1): 142 - 148. (in Chinese)

BREE. M -aise 2B IEE AR A MM D]. Kib: MM
i K2f, 2020.

CHEN Y. Construction of M-band perfect reconstructed filter
banks[ D]. Changsha: Hunan Normal University, 2020. (in
Chinese)

K, B, RS0 B AR Y SR R A 1 1
] EREESER, 2019, 17(3) : 335 -338, 344.
ZHANG C, MA H, JIAO Y W. Design of a prototype filter
with reconstruction characteristics [ J ]. Radar Science and
Technology, 2019, 17(3) . 335 -338, 344. (in Chinese)
AR, 2, R, BT EE s o e PR R A R



c44 .

(FE TR SR S AN S

55 46 &

[16]

[17]

[18]

[19]

[22]

Pear it Ik S RN [T]. BrefioR 5 TR,
2018, 18(24) : 100 - 105.

LING W C, YAN J, LU J H. Design method and quantization
analysis of high order perfect reconstruction filterbank on
digital channelizer[ J]. Science Technology and Engineering,
2018, 18(24) : 100 —105. (in Chinese)

SMITH M, BARNWELL T. Exact reconstruction techniques
for tree-structured subband coders[ J]. IEEE Transactions on
Acoustics, Speech, and Signal Processing, 1986, 34 (3).
434 -441.

JOHNSTON J D. A filter family designed for use in
quadrature mirror filter bank [ C]///Proceedings of the IEEE
International Conference on Acoustics, Speech, and Signal
Processing (ICASSP) , 1980.

VAIDYANATHAN P. Theory and design of M-channel
maximally decimated quadrature mirror filters with arbitrary
IEEE
Transactions on Acoustics, Speech, and Signal Processing,
1987, 35(4) : 476 —492.

VAIDYANATHAN P P, HOANG P Q. Lattice structures for

optimal design and robust implementation of two-channel

M, having the perfect-reconstruction property [ J .

perfect-reconstruction QMF banks[ J]. IEEE Transactions on
Acoustics, Speech, and Signal Processing, 1988, 36 (1) .
81 -94.

NGUYEN T Q, VAIDYANATHAN P P. Two-channel perfect-
reconstruction FIR QMF structures which vyield linear-phase
analysis and synthesis filters [ J ]. IEEE Transactions on
Acoustics, Speech, and Signal Processing, 1989, 37 (5).
676 - 690.

KOILPILLAI R D, VAIDYANATHAN P P. Cosine-modulated
FIR filter banks satisfying perfect reconstruction[ J]. IEEE
Transactions on Signal Processing, 1992, 40(4) . 770 —783.
CRUZ-ROLDAN F, MONTEAGUDO-PRIM M. Efficient
implementation of nearly perfect reconstruction FIR cosine-
modulated filterbanks [ J ].
Processing, 2004, 52(9) : 2661 —2664.

FRIE, TLIR, BRIASE. —FhSaiT i plss 2 mMIE SR
SEVRHIUEM AR AL BT SR [T]. P S5 B AR, 2016,
38(9) . 2385 —2390.

IEEE Transactions on Signal

[23]

[24]

[25]

[26]

[27]

[28]

[29]

JIANG J Z, JIANG Q, OUYANG S. Novel method for
designing
modulated filter banks [ J ].
Information Technology, 2016, 38 (9 ). 2385 - 2390. (in
Chinese)

CRUZ-ROLDAN F, MARTIN-MARTIN P, SAEZ-LANDETE
J, et al. A fast windowing-based technique exploiting spline
IEEE
Transactions on Circuits and Systems I. Regular Papers,
2009, 56(1): 168 - 178.

KHA H H, TUAN H D, NGUYEN T Q. Efficient design of
cosine-modulated filter banks via convex optimization [ J].
IEEE Transactions on Signal Processing, 2009, 57 (3):
966 -976.

A, B TR S BCTHR I A S A 3 A AT
HFALT]. BIREA, 2017, 57(2) : 191 -196.

ZHANG N, LYU W X. Detection technology of digital
channelized processing and cross-channel reconstruction for
wideband signals [ J ].
2017, 57(2) : 191 —=196. (in Chinese)

PR, Bl TR IR E AN S T RS
Bt [J]. B BXTHEOR, 2020, 35(4): 5 -8, 52.
CHEN T, ZHAO Z K. Design of radar reconnaissance and
jamming system based on
Electronic Information Warfare Technology, 2020, 35(4):
5 -8, 52. (in Chinese)

EAR — b R S BT 5 I8 b vE A R
LI T HORRI, 2021, 47(12) : 26 - 30.

WANG J. Design of digital channelized broadband receiver for
high speed frequency hopping signal [ J ]. Application of
Electronic Technique, 2021, 47(12) ; 26 —30. (in Chinese)
VETTERLI M. Filter banks allowing perfect reconstruction[ ] ].
Signal Processing, 1986, 10(3) : 219 —244.

PRIKSE. R sh B EEAERBIE S EIID]. HHR:
LR R, 2021,

CHEN Y F. Research and implementation of efficient dynamic
Chengdu ;
Electronic Science and Technology of China, 2021. (in
Chinese)

near-perfect-reconstruction  nonuniform  cosine

Journal of Electronics &

functions for designing modulated filter banks [ J].

Telecommunication Engineering,

digital channelization [ J ].

channelization technology [ D ]. University of



