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(a) Single sinusoidal waveform x(i) corrupted by noise

(b} Autocorrelation function #(;) of z(7)
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(e) Advanced forward and backward difference function
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Fig.1 Waveforms of each processing.

MBI & U THN TSR ERMTZ 5, EL, IR
B 2RERZVTAHELELS. K1(a), (b)), #
BeMMUEZK R (1) & 2 0BER O LR
L7cbDTHS.

—7, 155 x(i) OEFBHK

)=k 2D —ali+) j=0,1M (2)

PRALTCHEI(C)D X 5 i HEZERIITZ 2.
d() 3 () £V EFEREMIEY, EFFE B0
FTEHEPECBREEET S, FEHINT 22DV FH
DORE S, EREE2ASULEETH —13dB 12
LYgp@,

EFEBREPRHIGE A Vol J77-A No.9 pp.1307-1311 1994 %9 A 1307



ETFEHREEEEHCEE '94/9 Vol. J77-A No.9

SE, ZOUTAORERPERT 57 0ICHIF L#
75 ORFENCES % & HHA & HE S =00E50E K
RO XS ICEET 5.

)= S o) 2+ ) —2(i =)
7=0,1,---,M (3)
ADEED
x(1)=A sin(wy) (4)

TREND LD RBE—IEFPTHS L &, A(3) TR
SN B A & R S 25 BERUE

) =221~ cos(wi)} (5)

BE52%5, 20 &G) 3, Rk 4A/r BRI,
bEDOESERICHAEREOTREE LTERS 2 e28T
&2, Lad, d()id &) DX 2HHEOT AP
(DS RIBEN 2JERDVOTAEELDZ &
B, £2T, 20 &) 2R L CHESTROIERK
PRI T BRI REL D,
AARONEBESH2ZRT. £5, ANWES
x(7) DFIFA = Hr X 25 &0) 25HET 5. <0
LE, L) OB/MERFIBLCER T 2K 5. 2L
T, ;=0 BN () ZEEERE T 720HDE
LTYID HF . Rz, AFIfES x(2) 280 T 20y 7
FLUT, EEQMEETS, 25 LB sNERE:E
BEIL T 2tk > TC, HBFEENERINS,
ZDrE, FFEENE &) BT RTCEETH 272
», ThEF0EHAETLTsItidlin. &
2Tk, M AR REOTIGEREEL, Z0F
BWEN0 L2 L9 WiRBEH B S ¥ 208 2T
T3,

INPUT SIGNAL x(i)

X(i+T \I’
l(—)> CALCULATION OF FORWARD

SHIET OF | IAND BACKWARD DIFFERENCE

x() BY T FUNCTION d2(j)
| DECISION OF SEGMENTATION
T PERIOD T OF WAVEFORM

T
CALCULATION OF MEAN AND (_l
SHIFT OF AMPLITUDE AXIS

[SPLICING OF WAVEFORM |

¥

OUTPUT SIGNALY ()

2 WLEERE
Fig. 2 Processing of the system.

1308

3. UTHDIEE

EEEZ, HMEPES L REREIOE L THRET 5.
B 1(d)ix, #HEOEBLLEFKICHT2R(3)D
BT = 420 S =050 & 2 B TH 28, W
DFBBELTRBE I LR T, ZOV0THIE, #
B & > THSMER ORFEWELL 72 2 EBFERA
ThrrEZONS, &, AEER

2(2)=s(2)+ w(7) (6)
LERTZLIZT S, 22T s(0) BEEED, w(i) X
EERASTHS, UL, RN(3)WIERBAEEEFAT
Wakzd, N(6)EAWTEHEERBR 2T 2L
HETHhs LBEbh3, 22T, ZOVTARRET
B8, R(6) B Iz &DHR(3) OHXHEN D
EEKS% Sy HERDE Wy ELTRADE D K
EKETBHZLITT B,

H) =% BISet Wel =01, M (1)
L,

Sy=2s(0)—s(i+j)—s(i—7)

Wi=2w(@)— w(i+j)—w(i—7) (8)

ThbH. T, BEEE w(), Thbb W, OFERE
BRAYASHCES bOLRKET S, HL, UTK
B 23BEE2EHE LT 20, I I TRETORK
FIRIERTH S L, ZORMEE Woa TEET
2235,

%9, Sy+ Wy OFFES Wi O k> T2kl %

Amplitude

Amplitude

ISii+Wil|
N

This part
is turned up.

Probability density
(a) |Sij|>Wmax

Probability density
(b) ISi]l<Wmax

(a) When a sign of |Si+ Wil does not be changed by W,
the mean of |S;+ Wyl is close to |Sy|

(b) When the sign is changed by W, the mean is greater
than |Sy| because the absolute calculation often makes
the sign turn up

3 |Su+ Wyl ORESES R
Fig.3 Probability density of |Ss+ Wyl



v 7 -

WERET S, ZOLE, |Ss+ Wyl OfEIR, HFT &
ST 3(a)D k3 BBAECHES . dB() i |Ss+ Wal
DO NEDEGE LTKD 5570, EHS W, 2
E b N THEZT B E EOEIZITD L, 7 DFE,
VT AL EEORESERBEIThN S,

—%, B3(b)D X3 Sy+ Wiy DB Wy DfE
o TEET2EE, T RbBEFTORNRBOMK
SHEZ Winax & LT Syl < Wnax £ 245 E 2 5,
ZODEE, |Sy+ Wyl ORI 3(b) D X 5 %5
Bic L 2R LBEL B, 2D, 2O LS55 |Sy
+ Wil O N EOF % &> T ds(j) REFEL TS, #
FES W 303 %ed, OFaLkoTHNLS,
M1(d) BT, d() k2880 F 28BS
AME, kbt d(G) B0 ENETH S L 2wk
TWEDRIDEDEEZBNS,

ZOMER R T 5 7-D121%, HFW X > THSHE
HNOFENEELEwEdSicdhid v, 22 TR
(NERADEICEWT LI LIZT 5,

()= 2 22(i) — 2(i+ )~ 2(i— )+ a-Sign(Ss)
i=0,1,, M (9)

ZIT, e BIREMOBEEERTERTHD, o>
[Wmaxl %‘ﬁ?&?%}@ ET B, FT2 Sign( . ) bi,

1 Sy;=20
Sign(So={__, 2 (10
Ths.
ATIESPHED R CE—IERK s() Th3 L,
Sign(S;)=Sign(s(z))=Sign(x(7)) (11)

BT 5, 65 C R(9) BRRIFLER 25 2 375,
HENEB L T EEIE, ALY BRI iz,
ZZ7T, Sign(Sy) DX VIS LWEEZES DI,
TR 3IMEOBREIEEERIAL,

Sign(S;)=Sign(x(i—/)+z()+z(G+7) (12)
& LT Sign(S,) #5tE+BZ 125 3,

B1ce)ix, R(9), RU2) ZFAL THES - MLE
WROFIZRLTWS, ZOE»S, WEVTFADRH
ERBREINTVWE ZEBbh s, BR, ZOHRRL
TeHIME S A ESBRHIC L - T, #FTOERES
VDT AELEHTEIENTELZDITTH S,

ST RO BT ZER a DBREHRTH 2, #F
DIREDSEETTH BBEWINE, > W BT T
REEEAORIZE L, e 12X BFROE RN, —
¥, BT OREBESBELTEWEETIX, ad|Ss
+ Wy| DEANE max(|Sy+ Wyl) X DA S 2BIETH

NEREZ W, Thbb, E9RBRMC e E LTKRE
HOBERFEL THE, HiH %A SE5EH Ot
BieBnT, L a>max(|Sy;+ W) il 3kne

ERBNE, ZORERHERTEISIC e 2RELEY
&,

4. ¥3al—v a3 EE

4.1 SN Lot

R(1)~RK(3), R(9)DEFEFAEL T, FXE
FEROMFER 21TV, SN HaEEE2 KD 5, 5%
e, HEER (34kHz) Li-BEa#EFTD T —%E
b€ CEBL, SN E2—10~30dB 0%iFE T 5dB
CTEDEERER L, £, BEFERICHEL 2B
D j=50~561 » 5 HIEHO SN FhERD 2 Z &
L7, BL, SN FFT (512 &, N=v &) T
KDz AT MV EDST — i X - GRS EHE
L7z, ZD7®, IEEIEES OREEIT 625 Hz, iRIE
13100 & U7z, BER{bEH#ENE 10 kHz, Z OfidEH
ik, M=200, M=600, a=1x10° %Fj-,

100 ER I D W THEF{ERUOR 1TV, £ OFEI &
> TSN HLSEE 2RO, FORBREATSA T
WA SN I ERE 24 wRd. SN HLhEE
SNRwmp [dB] &, AJIGH EHAOESOSNESE
SNRi» [dB], SNR,: [dB] ¥ L TR TEELTH
3,

SNRimp=SNRow— SNFw (13)

M4z2R3E, KB (9) DA L7-§if s
HBAEASESEEI X > T1U~2dBREOUELE

T T T T T T T
[ Advanced forward and backward
difference function ds (j)

N
o
T

A —ema—— e

function r(j)

Forward and backward
: .. difference function dz(j)

Improvement in SNR  SNRimp [dB]

10 ///’/ \\ e 4
7/ \
/ \
\KAuto—difference
\ function d1(j)
ol s | " 1 \\. 1 ) 1
-10 0 10 20 30

SNR of input signal SNRin [dB]

4 SN HrdiEsse:
Fig. 4 Improvement in SNR.

1309



Frequency (kHz)

K=

w

Frequency (kHz)
n

2 f:.‘ 3 i
0 ﬁﬁﬂliﬂ”‘l"

(a) Whistler atmospherics corrupted by noise
(b) Whistler atmospherics processed by forward and back-
ward difference function
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Fig.5 Spectrograms of before and after processing.
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