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FE 4R E 3K E B B2 (prolate spheroidal wave functions, PSWFs) 15 5 A 2 5100 & 2 & & &
A, £ T AAAEFESHEN PSWFs G5 # T AR EFEHFTESHUETTNREE, BE T &
BT A F AR AR PSWEs 5 5 22 77 . KA B F BT AL PSWFEs 5 & ¥ 5 B H 5 %4
SR ER WA AR, KA A, B E T EAE, FI R F AT G S HATRIN,
RKEE5THENESRERSHNERE RETETHEFESEN PSWEFs 50N 7% BS54
B RHA, GRETRUEL, IRAEIRNTEZHGETERRAAREHEEWIRT, BT HE
B#EdE ONQ) FIRA O(NQ/2), 1K 50%.

KR FESK, EERN, MERE KR, SR, B FHLE, 5 EAE

it

1 3|

WA TG 2k R A B U ) AN T T TR, A SR R ARy — AN AT AR BRI ) 2 R, e v R A P I
A B SR BN SE S I T AR R 2 ISR R VE S G B ) 53R B8RSR i 5E
PRI RCR B Z R, R 4G W EAL b, PusEtE 5G W4 H) E B g 0~ /538 A1
[T Hoth B S IRAE NIRE RANRE R, EReERAESL L I 5 RIS W E SR
JE SIS ARG R R A e A S A U2, FEAE G0 IESXIAE AL T, IEACAR 4> 2 (orthogonal
frequency division multiplexing, OFDM) 14— 2 &k i, 1528 T HSE A . 5T 528, #841
ZRBEVREMS, WM T LTE, Wi-Fi 5815 248 9, H 56 KRG % XA T OFDM {5
SPILET. BT OFDM R 5 A A Y, RHIE 5 RE R R AR, S xS tHARI (5 518 %

SIAMEE: LR, FiRT, XIMEHE, S5 TR 23 O AR B 15 Bk i 5 b0 2= 5 A S AR AR EER N 5. Rk {5 Bk, 2020,
50: 766-776, doi: 10.1360/SSI-2019-0121
Wang H X, Lu F P, Liu C H, et al. Strict parity symmetric prolate spheroidal wave functions signal construction and
low complexity detection method (in Chinese). Sci Sin Inform, 2020, 50: 766-776, doi: 10.1360/SSI-2019-0121
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T E TSNS SRe R REN, | X EH (generalized frequency division multiplexing,
GFDM) 14151 38y Z 8k (filter bank multi-carrier, FBMC) 16~18] | 5 — 3 2 #% (universal filtered
multi-carrier, UFMC) (19~21] %%ﬁ%i%%gﬁﬁﬁﬁl+ﬁ%ﬁé[i‘%ﬂﬁﬁ":'EH, HRdeE TATE S REERSE
PE. 1B TVESSAE IESXBAEZE TS, HeAkK 1 ISR AR 5 I AT 5E AR 8 AN R, BRI 75 S
THI R IEE.

EEXTIESZEAE 5 B [R5 SEAR [ 2 (AN 2, 2R T PSWEs IR IESZ K 7% 2224 R4k

AR T8 SRR RIENE. PSWFs & 36 E DURSEEG % Spepian 55 5E X —JE4E IR 5% R L

&, HABATEIESS IR A BRI i8] 50 AR 5 AR R AT 4% DLt A IR A 5 SRS R A
P 25~27) PSWFs 155 Be B4 It i 18]y S AR 2 R 48, S5 B8 AR BB U IESZ IS S A E AN 2,
N 5G. DREIBESIBE RGRAL T —Fha s BAARMACE . SRt E R e 58 50 58 RIG nl 2 . ik
FR G RS2 IR HESE N B Rt B 5 R RE BT AL Wit 77 38 TAESERR R H, 24 PSWEs 55 %
B FEAT ARSI, X T AH (R S8 e 2 A S AN EFY PSWEs 5%, 185 K 25 5 A2 A
T (BUHR) R, T ERAT S MG S 2 5iaR, S E s, MEIRS] S PSWFs {55 KR . #T7TK
I, PSWFs 15 5 aHBEXFRIE 515 50 8 . flllAAE % VIOCER. WRIE(E 5 A B X RREHE, @ HE 59
TR XERRAE BN 34, AT TC R E M 75 X FR  ARXTIRAE 54 2o, HAHF B R AR ) PSWEs
&SRR T R S BA5 A, IR RAFE R, X NIKE R E PSWFs 5 580l 77 2001 7T 12 44t
T MR K.

BT PSWFs Jo U TR, 152 B RH oh#2 K FHBUE R A 77 0™ 4E. H T, PSWFs {55
RIGETERT 53 3 9% —RET ZIUET R ML, WHEhik4E (Legendre) 2 IiUEIT . Hermite 2 I
OB EE 28], RS T B EVE RS, WHET sinc BRERIMKIE . A58 PSWFs Bk P9, —2FF
1% BRI BUHE B B BB R ik, 0 PareB BO & DPSS BYU HUEMRVLSE. SR, SZ3RAETT 5 VAL L
JeE NRZERIFER, Joie K F A IRmRd = A2 J7 3%, BUE SR A7 A2 1) PSWESs 15 5, #AN & 46 A7)
FRIF, T BCAH AR FRAER I AE LA T PSWESs A5 540,

TEME SR, BRI BT UL H AR, $2 t T B 34 2 B R M5 S i ik, 18
APEA PSWFs (55 B AT Ae i SR AV L S0 nT 5 1k L IE I Th R LLRFE TR T, i PSWFs (55 53k
FRPESEIARAST. ook, S 7 5T A RO SR 77 %, ARG Sl vERERIRTHR &, A
RUPEAR 15 SR B A

2 EIREEXFR PSWFs 5580

TESEPRIBIE RGP, R 2 BT PSWEs (5 5 TS B AL, TS 8™ i 2 B AR5 5
PSR 2 SRR AR SR IR, DAL, B e A S S P A% A O PR K PSWFs {5 51071k, 2R R
2 SRR PR FHBR SR PSWFs {5 5 1A 22 75 2.

2.1 BXREEEIFEMRESWEEE

fERH PSWFs BUEMEAT (R SHE T, MERRES S 58BN BER s 8o VIR, bl
XPRAE S WIBRE AR, CRIEANRTS B E 5308, (R RBCBAN 5 JIME S0, Bt
155 S S, BRI A A5 S 5, RO A 5 A IUE R 2 5185, Res A 2%
K2 5 S IBUEM m8L

H1F PSWFs HU{ELA AL 8 1 0F 25 5P % pR BOHE F SR 388 () 07 AR B 1, 10 T S KA e O AR 7™ 4% = 1
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Symmetric 1
extension_- %7 \
Subtract and -

~
Fold divided by 2 _ ! \
~
~ ]
|
|
]

gy g gleglegegegeaeeegfeegiie]

symmetric :
signal

Even Fold Add and . /
| Symmetric divided by 2 Symmffmc
L signal extension

1 (PEhRFE) BBk AR A AR R SR 5 AR IBIEE

Figure 1 (Color online) Principle block diagram of signal branch signal construction method

l - > '1 2' 012 |
| L 1 1 ! ! 1y Sample |
U2 07 021 o010 ~ point 1 ! |
) —1 DhFl
| Qiseven ]l S —- 7( 9 oz |
_ _ _ _ Centralmoment "_ """~ """~
l — -f ———————— L 1 1 1 I
| i ] ] ] 1 LS Sampl% Il 2 (@2 (+1)2 |
|1 2@D2 @2 @32 o1 o point & A S b
| Qis odd N —— >< 1 Ql 1 1 I

2 (MERFE) ES 34 ORISR

Figure 2 (Color online) The center moment of signal with different sampling points

XEH. SRR PRSI, LR Bt R A A5 P 5, A
HERVRHE 365 I PSWEs (0RFEE. DAL, S B A N 5 5 (01 AL BB AL PP
A BOCRUAAE, X7 BTSRRI S I B, PR B
5.

P D7 i AR A B 1 o, RIE 0N
©0.:(t) = [Po,i(c,t) = Go.i(e, T = 1)]/2,  ¥p;(t) = [Pr.ilc,t) + Prile, T - 1)]/2, (1)

Hr 3oilet),i €1, Nol|,@r.ilc,t),i € [1, Ng| NIFEH TN ¢ Hzes B, 55 0 SCHATXR (B RR
PSWFs 15 SHUEAM, No, Ng NEFHFR. MBXFR PSWFs 155 B8 4L

ER=yajc =Ry T

(1) ¥ PSWFs {5 S T4 5 Mt 2057, BIAF5 3 th i ZI7E PSWFs {5 54U
it b A B SRR SUBOE 5%, WO s @ NI, KBS BT Q/2, Q/2 + 1 AMREEA L
fr BT MRFE AR Q NEH, B E 5T 5 (Q+ 1)/2 NRFEAXT, WK 2 Fion.

(2) BT JE AR S AU AT B, FEX B IG5 S TR 2 A, SRECEST S ) PSWFs
55, % PSWFs 15 5 NZF R, MR ext 4 a(E S BU, HE8IN T, %5 PSWFs 155 98 s %, W
BT BN T2,

(3) XA 5 S ST IR, SREUE T 5 S 5 PSWFs 155, & PSWFs {55 &K
B, WSR2 5 G SRS BUR, BT XFRIARE; %5 PSWFs 155 9B 3, W B L7575
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— d Even symmetric | g, (7)
‘| PSWFs signal |— p| Symmetry >
(half period) extension

T i
g
Construction of | | ¥ |\ _ - Y s(f)
strictly symmetry| ko T T " v >
PSWFs signal 1 - - - ‘g >0
d, Odd symmetric | s,,.(r) Take the symbol

PSWFs signal > & ) >
L (half period) symmetry extension| ;)

S/P

A 4

3 (MEMRFE) ZXBETEFEINRESHEREZER

Figure 3 (Color online) Flow chart of constructing strict parity symmetric multiple branch PSWF's signal

WS S AT X FR I .
2.2 B EEEITEIIIR PSWFs 5S819E

5 5 2tz S mT i, oA A Rl A e AR M I PSW s 5 5 3T 2 Mg 55 AT IR XT FR A

A B —H A NRR (BURNAR) (55 2B INME S R E R (BUERTR) 55, Bk, 238%™
XK PSWEs 15 5 (146 g R B A2 7 B S PR I 3™ A 3 A R PR A5 5 A S g vk () Al b RIS 5 3
BRI, B2 S BE 5 0 N RRES « BXFRAE 5 4L, 4Lt T A BRI 2.

TR R E 3 for, BB

(1) B3 H e e K FEAESEAE diyi € [0, No+ Ng| F4oh 2 N AT do i, € [0, Nol, dg.iyi €
[0, Ngl;

(2) FEF5 5 AN, 23 B 26 FR S B R PSWEs 15 5 3#ET(5 BN, JEAE R k1T 42,
AR S A I A RR S RIS S som(t), spa(t), B

SOH(t) = Zodo,i(ﬁo’i(c, t), SEH(t> = ZE dE,iSaE,i(ca t), (’I’L — 1)T < t < (n — 1/2)T, (2)

Hh do s, dp,i 7398 PSWFs (55 Go.i(c,t), @pi(c,t) IEEHE.

(3) MFFTSANMES sou(t), spn(t) AT IRIGRE, SRECEAT S AW PSWFs (55 so(t), se(t).
S PSWFs {5 590 AL B, XA FRE S spp (t) BRBEATHIRIERE, SREUE S sp(t); XA
XIAES sou(t) SEHATR S BUR, BT IR, SREBUS S so(t).

(4) BHE T so(t), sp(t) BEATZAIER N, 2L Z ST P THIR X PR PSWFs (55 s(t) = so(t) +sp(2).
2.3 MEESHR

T MRS L S B TR I XA DM B0 T R FEIE. PSWEs £ 5 IECHE A
R (SUH16) RO, AR 2 400 54 TR IR BT PSW's 5940, K HO36RE. R, 7K
WG T DR R SR D) LR | (5 S A A IR IEAS R 3 ANTT T, X H A AR ST IR U7 i
MHEAE S 55 PSWFs BUEMAIMEREZ 5. BARDT S8R 1 fos.

(1) [F5 DR SR RE. PSWFs 75 5% 5 BANR 0 B (complementary
cumulative distribution function, CCDF) @1& 4 F1 5 Ffrax, MEE THE 25 R nr %0

(i) Fre a8 PSWFs {5 S A0S il ge & IV S R AR T 23R I3 5 M R]; ELBEE I
()7 96 A N, PSWFs {5 5 iU AE B S AL BE A WG In, 4] 4 foss.
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*1 MESHKE

Table 1 Simulation parameters

Overall parameters

Time-frequency product (Hz-s)

Symbol period (s)

PAM modulation number

c 2:2:16
T 1
M 2

Low-pass PSWF's signal

PSWFs signal number No + Ng c—1
Frequency band (Hz) [0,1:1:8]
Solving method ‘DPSS’, ‘ParrB’
Band-pass PSWFs signal
PSWFs signal number No + Ng 2c—2
Frequency band (Hz) (30,32 : 2 : 46]
Solving method ‘ParrB’

Energy aggregation

@[
_5 'J‘
~10—
~ 15—
g 20}
2 -25 l‘;ﬂ
_30| :‘i‘ll n
-35 !
o T
e e 11| i
_ e
-10 10 ” 0 "
Frequency (Hz)
0.995 b
0.990 ®
0.985@/ & NJ/ _
0.980 = o
-7 0.984558
0975 7 0.984556
0 970 i 0.988554 (
. - ;
0.965 ;
0.960 |
0.955 !
0.950 !
O
0.945
2 4 6 8 10 12 14 16

Time-frequency product (Hz's)

Time-frequency product c=14 Hz's
Original low-pass DPSS-PSWFs
—O— Constructed low-pass DPSS-PSWFs
Original low-pass ParrB-PSWFs
Constructed low-pass ParrB-PSWFs
Original band-pass ParrB-PSWFs
~F Constructed band-pass ParrB-PSWFs

Original low-pass DPSS-PSWFs
Constructed low-pass DPSS-PSWFs

O Original low-pass ParrB-PSWFs

O Constructed low-pass ParrB-PSWFEs
— — Original band-pass ParrB-PSWFs

O  Constructed band-pass ParrB-PSWFs

B 4 (MEFE) PSWFs ESIERILEHME. (a) BSHERIE; (b) EoHEREE
; (b

Figure 4 (Color online) Spectrum characteristic of PSWF's signal. (a) Power spectrum

) energy aggregation

(ii) ATEE 7MY PSWFs {55 PAPR 5 5 SRAR 73RBS 5 % MR HIE 5 — 2 ELBE
E N A R AR I, PSWFs WIS PAPR AW, HERET, 55 PAPR 51715 SHBEE
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100H-H

107! \
. ,%)HGH“ A 5’% CleHzs |
AN

8 102 12 Has \K\k\;‘ 12 Hz's
N o [ @) :
5 6Hzs
{Ziﬁ

o s et a4 EEL \&
) \

108 —f—ft—F—F+ L L T 107 — S \&L

e ) EiE] BEIE G EEREE S ESEES S S EEsets s R

+ —

+ Constructed low-pass DPSS-PSWFs X!\

— —Original low-pass ParrB-PSWFs s Original band-pass ParrB-PSWFs [ [ - R
2 1

10°feooed

10!

O Constructed low-pass ParrB-PSWFs -+ Constructed band-pass ParrB-PSWFs|

10 o 10
4 5 6 7 8 9 10 11 12 4 5 6 7 8 9 10 11 12 13
PAPR (dB) PAPR (dB)
(a) (b)

5 (MERFE) PSWFs 5SIEHTELL. (a) K PSWFs {55 PAPR; (b) Wi PSWFs {55 PAPR
Figure 5 (Color online) PAPR performance of PSWFs signal. (a) Low band PSWFs signal; (b) pass band PSWFs signal

0.12 T T T T 180
—*— Original low-pass DPSS-PSWFs
—&— Original low-pass ParrB-PSWFs 1601
0.10 —&O— Original band-pass ParrB-PSWFs - — ’\_\_-.\_ ek —— 1
—G-- Constructed PSWFs / 140 — T —
0.08 |r]—lu | 1030 4 \
P I /2 120 ’\\ R
; / 0 ) N \
0 /M X
1 0.06 |08 - = 10 ~N N
2 ! " P8 0 2| NI
= 6 8 NIO 12 f & 30
0.04 s L
60 Original low-pass DPSS-PSWFs 30dB \
0.02 A — — Constructed low-pass DPSS-PSWFs & K
: 40 | —— Original low-pass ParrB-PSWFs
—%— Constructed low-pass ParrB-PSWFs ["[7"™ T7°7X d
0 [ 20 —+— Original band-pass ParrB-PSWFs i
‘T—T—Tﬁ—( —H&— Constructed band-pass ParrB-PSWFs ™ P
0 I T T I
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
Time-frequency product (Hz's) Time-frequency product (Hzs)
(a) (b)

6 (MEMFE) PSWFs {55 MSE 5 SIR. (a) {§5 MSE; (b) {5 SIR
Figure 6 (Color online) MSE and SIR of PSWF's signal (a) MSE; (b) SIR

2%, Wil PSWFs 5 5882 TKIE, HEEE o 3, (55 8ECRm i, i 5 Fis.

(2) 155 A X FREEE. PSWFs 5 5 A X AR TR % (mean square error, MSE) 2] {1/ 6(a) fif
7, NEUE B S5 BT A, (5 S a7 ke A Jdgm PSWFs & SHUE M= X FRME; H DPSS
KRIETTIEXS N, PSWFs {55 HUE M MSE AL T ParrB, w8 PSWFs {5 5 4U{EM MSE & Tikid
PSWFs 15 5 4UEME. W4 ¢ = 12 Hzs B, DPSS X MAKIE PSWFs {55 MSE A 2 x 1073, ParrB X
AR PSWFs {55 MSE 4 1 x 1079, ParrB X 84718 PSWFs {55 MSE 4 1.8 x 10~Y; HFF K [A]
i TEARKG N, PSWFs 155 MSE AN in#a sy, Mt @7k B PSWFs {55 MSE 46244 0.

(3) 55 IEAL . PSWFs {5 515 T3 LL (signal to interference ratio, SIR) 3 U1K 6(b) Fiz~, M
BB VRS IR An, PSS Tk Re e e 5 T BB M RS I, (H BEE I R SE ARG I, iR T
EHE IS5 IER S PSWEs (5 5 HUEME T —80 WY ¢ = 12 Hz-s i, DPSS X FKiE PSWFs

771



EALRAE: PR AT R A B R 19 b KA 5 WS 5 AR R A AN T 1%

Signal separation Detection

/ Coherent detection
#- Subtract (odd) r”-“(t)‘ (half period)
r(O-r,(T—0) 1 e
Fold in half 7/2

"0 )| about the —-DT<1<[n-1/2)T Decision [
" | central
moment

—
S

G Coherent detection
Add (even) “E | (half period)

> r,O+r,(T-1) [7 0 i (e dt
T/2

7 (MERFE) ETEHEEFBENESKRNRRER

Figure 7 (Color online) Flow chart of signal detection based on parity symmetry

{55 SIR N 143 dB, (55N 148 dB; ParrB X MAKIE PSWFs 155 SIR A 43 dB, MEES N
103 dB; ParrB %Rl i# PSWFs 55 SIR N 12 dB, WS 54 43 dB. HIRKAET, iz Sty
1L BIRREIE IR = PSWEs {5 5 (B IEAS 1, B 3R AR 72 SR g 220 KB, 1207720088 T L R kb SR AR 7 72
TR ZENHE 5 [A] IE AT 1 A 52 .

I IR ST RN, AR SRR T EA RIS 5 5 G AR b, SRR R T R — 8, RIE K
E5 0GR, FIFEEA REREREME L INE Tk, e A e T PSWEs 155 BUHM A
R ME . IEASHE, Nt — PR R G 5 AN FREF RS 5 70 55 Rl 5545 5 A0 3 A 1 B A S it
THHE.

3 ETHEFEFENESRNSGE

S5 5 IR A PR AR TR A R R R i R A T, R 2B S G S0 2 5185
DRI, Ay 78 73 K A% . R PSWEs {5 5 JEXTARRrE, ARG S IIVERE AT SE ~, BKS 52
SRS S BIUACSE, S RN 75 25 52 2% L 1) B R 1.

3.1 fESHNEE

HE T AR ST R, B R AR BV PSWESs {5 5 A3 5 5 5 BOBAERT 5 T
2 AR R A7 5 A, B, BA AR FRIER PSWEs (55 8] AR SAEAA £ 0 T 45

/2 (3)

~ fOT "JoX) (C7 t)SDO,j (Cv t)dt 2 foT/2 @O,i(cv t)SOO,] (Cv t)dtv
(VA T
Jo erile,t)op (e, t)dt =2 [ opi(c, t)pp (e t)dt.

st (3) FTRI, BATHFAF (AT RREE R £ B 7E [0, T) A ELARGHA [0,T/2) LRI 2 £,
% poilet), poylet),i # j 1€ [0,T) WHITLIERS, WA [0,7/2] M IEAS. KW 2R AR T
PSWFs {5 57641 5 R 015 860 5 R, L EZSPERARRI A, SR AT 4 5 R I 52, AT 5 5 k0
W, B2 538 B0 B K R 0 T 7 k.

T WA A 0015 5 R IR I 7 FR, RSB T

(1) LR T e, RIOR RGBSR r(0), (n — DT <t < nTin € [1,00], FFH5 5 n
A TIME BXF P LI (0 — 1/2)T R, U5 (T — 1)

@) 5055 rat) 5 ra(T — 6) AR K, ABHRIRA MK, X PSWEs (55 00,
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Tn,E(t), ED
rho) =ra(t) —ra(T = 1), 1) p(t) =ra(t) + ra(T = 1); (4)

(3) tFE A B PSWESs 155 f =

(n—1/2)T (n—1/2)T
Boi= [ rhovouetidt, Eri= [ il ponietit o)
( (

n—1)T n—1)T

(4) WA AV IA, XRS5 Eo i, Ep, BT AU, 58O AN F] S PSWESs 15 5kl
3.2 ESKMNGEMED

AT WA T3 78 4P~ R BE 2 AT T, o Lo AT B3 A5 S A 5 v 55 A0 R R 1 e 22 5
RBEATRFR S AEXTFR PSWFs 155 BB F, N No = Ng, N = No + Ng, 155 KA 85808 Q.

(1) (5 S REI ST A4 P AE A DU AR 3 AT 61, JLAE SEAIOsk ) v« Indid R N Chd e
= NQ, Cidg.aaa = N(Q — 1). FHIET I IRZFMRERE AU S AR J7 236 AR SR H m o, vk, ks |
FORVET 2 N — R AXRR AEXFRAE 520 B R INZHE RN Cipraaa = Q/2; A5 5
DUk B2 3R INEIE HIRE 3N Cipzmuei = NQ/2, Cipz,aaa = N(Q/2 — 1), R, HAE SEHIH
Feis s INEBFIXE I AN Cipmuei = NQ/2, Cipaaa = (NQ + Q — 2N) /2. NENNE MM &R ity
FAEE AR E T RS, &

Ctd,mutti — Clip,multi _1 Cidadd — Cipagaa (N —1)Q

multi — = a = = . 6
nule Cid,multi g ledd Ctd,add 2N(Q - 1) ©)

BT Sebrif &b, RyEIZ R R R T BT S TINEEHE, (598 0NE R F Bk HREE RE
Vg, LRIy v R R is SR 2 P N BT A, X PSWFs 15 S AR 42 B k47404, fiak (6) ]
H R T AR, BriRAE SR TE R A MR IR A E R, MEEEREH O(NQ) FILH
O(NQ/2), B2 50%.

(2) &SRl vERE. B (3) AT %0, AHEFHAEXSFRIER PSWEs 5 572/ NME5 AR B IEAS, B

T/2 T/2
2/ vo,i(c, t)po,j(c, t)dt = Xo,i(c)di—j, 2/ opi(ct)er (e t)dt = Ag(c)di—j, (7)
0 0

Hort Noi(e), Agi(e) 73RN @ SCERATRIFR ABXTHR PSWFs (55 ¢o.i(c.t), pp,i(c, t) FIFHIEA.

i (7) "7%0, PR AN ¢ B PSWFs 5 5/ R EI e & IE28 25 0] @, 7] LLR2 N i A 5t
FX PSWF 15 SR HI 28] Wo, HIEXTFR PSWF (5 5 M R 20 Oy, B2 o, Uy FFEANIER S
). XRBELEEN Uo, Uy 1, FIHRF S AGES, 5 PSWFEs {5 53T, S57E250 v i, FIA
HLRES AT RN, R WUk BEAH ), R AITHR 5 V25 S A R 5 AR A DU AR ).

FEEHT (Gauss) FIMER(SIESME T, BTt PSWFs 15 S K572 R S0 v fE i 8 Fiaw, M
THE SRR, Frid (s S 7772 R GRS s S A TR A ), 53 8 —3. (HRA ParrB K
fif 715K PSWFs {5 S HUE MRS, 7ERR (A4 SEARAE T (¢ > 14 Hzs), Frid(E SN %54 %
AHTA I 2R G i 65 1 G T R, R EAE T, fERIH A SERUT, ParrB SRIETVE R ZRR, B
R AT (5 S v, VA RIES S R E 1 (W 6(b) FR).

I FIR TR, FrERAE SR TV R B AE A BRI AE SRR R (AT T, A RS S A
AR, BE A AT ONQ) B O(NQ/2).
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10° 10°
v V- v A4 Y Yy <; Ve v e v 4
q D Lo} o ¢ o
10 \Q 10” "\
o \\ 102 1
o b
D107 e T D107
(== HESHEHHHHE B HEHHHEHET
104 ||— Theory 10+ Theory
-+ Low-pass DPSS-PSWFs, coherent detection -+ Low-pass DPSS-PSWFs, coherent detection
Low-pass ParrB-PSWFs, coherent detection Low-pass ParrB-PSWFs, coherent detection
- O  Band-pass ParrB-PSWFs, coherent detection s O  Band-pass ParrB-PSWFs, coherent detection
107 Low-pass DPSS-PSWFs, proposed detection method \ 107 Low-pass DPSS-PSWFs, proposed detection method \
v Low-pass ParrB-PSWFs, proposed detection method 9 v Low-pass ParrB-PSWFs, proposed detection method ¥
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Strict parity symmetric prolate spheroidal wave functions signal
construction and low complexity detection method

Hongxing WANG!2, Faping LU"?", Chuanhui LIU"? & Jiafang KANG!2

1. Education Study Office of Aeronautical Communication, Naval Aviation University, Yantai 264001, Ching;

2. Key Laboratory on Signal & Information Processing of Shandong Province, Naval Aviation University, Yaitai
264001, China

* Corresponding author. E-mail: lufaping@163.com

Abstract Aiming at solving the problem of high signal processing and detection complexity of prolate spheroidal
wave functions (PSWFs), we propose a time domain strict parity symmetry PSWFs signal construction method,
based on the characteristics of PSWFs with the same parity symmetry after linear operation. According to the
characteristics that the PSWFs of the same parity symmetry have the same orthogonality in the half-symbol period
and the whole symbol period, we propose a PSWFs signal detection method based on the parity characteristics,
which groups processing of odd symmetric and even symmetric signals and detects PSWF's signal in the half-
symbol period signal to reduce the number of signal solutions for participating in the operation. Compared
with the coherent detection method, theoretical and numerical analyses show that the proposed signal detection
method can reduce the computational complexity from O(NQ) to O(NQ/2) (i.e., about 50%) without reducing
the system error performance.

Keywords parity symmetric, signal detection, prolate spheroidal wave functions, folding processing, overlapping
averaging processing, hierarchical processing
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