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STA/LTA BBEAE Ry —Fh e Sy e st o ik, it
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WEFPE, ARSCHET MEMS ZU 3 1 5% 45 10 b 7% hn
FERAR AT STA/LTA S50 47 W H 4t 3228 DAY
TERREL . BRI BRI 6 5 3 AT, XL TR
[FZHCT STA/LTA {E A8 f a3 DL & STA/LTA 5
A BUSCR FNIZ ]

1 STA/LTA B3 3R i 3

STA/LTA J& T e & 7 ¥ i, & H Stevenson
(1976) $2 HIF R T 5= P w) Z= B i pygF05), H:
FEAJFH ). ) STA (Short Time Average) #1 LTA
(Long Time Average) 9 FUAE K S N b 75 15 51 i {EL
AL, LTA SO 1 RAE B BAF -5 107 5 M A 248
feiad, STA Wt 7 R (5 T RiE (RER) mYE
ek (RS, 2012), 445 i ) 2 i,
STA BT LTA MK, VA THILEA ] A
I, A2 Y H AR T S BOE B EE RS, A
SAZIN 2 Ry 52 SR B0 = 6], & S5E STA/LTA
R AW (Jubran, David, 20125 225
¥, 2013; Kwon et al, 2018) .
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(2018 i) “FH AT, THEHL CPU /AL N\
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2.1 $FEEREBIS
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&, 2011) , BARAKWT .

CF, (i) = [ X(0) | (4)
CF,(i) =X(i)> +[X(i) -X(i-1)] (5)
CF,(i) =X(i)* (6)
CF,(i) =X(i)*-[X(i-1)X(i+1)] (7)

CFy= | X(i) -X(i-1) | (8)
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3)o ME 1b AT LIE Y, [l i s Sl b 52 15
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Fig. 1 The analog seismic signals with amplitude from 1 to 5 (a) and the STA/LTA values (b) calculated

by different characteristic funotions at different frequencies

xR1 R CF, () ~CF, (i) BITEER

Tab. 1  Calculation results of characteristic function CF, (i) -CF, (i)

FRIEMRE BUTS AN TIRIREIN /s FRIRIEIN /s B WZE/s || FRIEREL SdiRTS AN TIRWREIR /s BRI EIN /s BiHR2E/s
1 1 044.75 1 045. 845 1.095 1 1 044.75 1 044. 965 0.215
) 1 044. 05 Eif N — 2 1 044. 05 EHERUPN —
3 3221.55 3221.975 0. 425 3 3221.55 3 221.555 0. 005
4 1071.03 T (EEUpN — 4 1 071.03 1071.225 0.195
5 1 068. 90 1.068. 91 0.01 5 1 068. 90 1 068. 905 0. 005

Ch () 6 2 939. 50 EH(ERUPN — CF3 (1) 6 2 939.50 2 941.61 2.11
7 1281.55 [Ef(ERUPN — 7 1 281.55 1 282.255 0. 705
8 1 070. 50 T (EEUpN — 8 1 070. 50 1 070. 68 0.18
9 1 075. 05 B {5 — 9 1 075.05 1076. 56 1.51
10 761. 20 T (EEUpN — 10 761.20 761. 36 0.16
1 1 044.75 1 .045. 105 0.355 1 1 044.75 1 044.99 0.24
2 1 044. 05 1 044. 205 0. 155 2 1 044. 05 1 044. 46 0. 41
3 3221.55 3221.56 0.01 3 3221.55 3221.575 0. 025
4 1 071. 03 1071.23 0.2 4 1 071.03 1071. 24 0.21
5 1 068. 90 1 069. 26 0.36 5 1 068. 90 1 068. 935 0. 035

Cr () 6 2939. 50 2 941.63 2.13 CFa () 6 2939.50 2941.74 2.24
7 1 281.55 1282.23 0. 68 7 1 281.55 1 214. 025 67.525
8 1 070. 50 1070. 68 0.18 8 1 070. 50 1070. 62 0.12
9 1 075. 05 1075. 64 0.59 9 1 075.05 1076. 4 1.35
10 761.20 761. 36 0.16 10 761.20 761. 34 0. 14
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5.152 2 s, FrAT M= S50 R Sk 1 15 sk K TE ik
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EANAE , XPAH [R) 1l 2 4 HE AT 40 B, AN R RRAE
PR STA/LTA S35 W sE R 6], D343 55 B
R, FRIERE CF, (i) &8, CF, (i) M CF,(i)
RZ, CF,(i) A CFs(i) fi<, MFRfF Aok
F, CF,(i) Ml CF,(i) fig 100% P 5] M 5= F 7,
CF, (i) R CF, (i) RERBFR s HZ T, CF (i) H
FEE R B R ICTE U = S, DA B ]
2K, CF, (i), CF,(i). CF,(i) A WACRHM
4, Hmmft T CF, (i) . CFy(i) o L,
5 FRIER BT, CF, (i) MR MHR BGRB8
SR TR SRR, WIS STA/LTA Bk
AU

R2 TRFHERBHITESER

Tab. 2 Calculation reswlts of different characteristic functions

FEAE fikgz ORI bR SRR PSS

PREL B Mizz/s /s # 5 /s
CF, (i) 1.095 0.010  30%  5.1057
CF,(i) 2.130 0.010  100%  5.1112
CF3(i) 10 2.110 0.005  90%  5.0769
CF, (i) 67.525  0.025  100%  5.1349
CFs(i) — — 0 5.1522

2.2 BHEKESH

STA/LTA SB3E W CREAE T RIS . A0 23 Y
SEXME R i i BE B ) AR A R A, AT R M 7R
PRRIARRAE 6 A 5 S 2 (E STA B T bR 5
HHSE SRR B Ak, B A, ARk,
KI5 A LTA N T 8 5t 5 5 fe 5
BN, AR R . AT 3 K BE XS STA/LTA
B MER RO, e B AS R B 4 B STA/
LTA HHY2 ka3, L2019 45 1 A 30 H e 1] it
BA R MEMS ZU B 1R 4L i b iR 5048 (& 2a)
VERFEA , BREL CF, (i) AHFFAERREC, 434 AH [R] st
Z| . ANFENE KT STA/LTA 8 725 1k #a # K iz
BHE], W 2 fE 3 TR, BE SR EE A 200

BB STA/LTA FEvEE MEMS FUIEE 1 RO3E FFESMT 211
5 5 @BEBBIE
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E 1 1 1 1 1 1 1 1 I
3220 3220.5 3221 3221.5 3222 3222.5 3223 3223.5 3224 3224.5 3225
t/s 1
§100—(b)$@&ﬁﬁ —N,=400
K <nl — “*N,.=2000
~_ 50 W\ [aat ™
I I o & O <22 N
U 3220 3220.5 3221 3221.5 3222 3222.5 3223 3223.5 3224 3224.5 3225
tls Pl
£ sor OFRFRH G — N0
5 “TN,=100
§ 28_ L S N | —N,=200
5) 3220 3220.5 3221 3221.5 3222 3222.5 3223 3223.5 3224 3224.5 3225

t/s
B2 R4EEY (a) AEAREK (b), & (¢) B
&K AR 2] 49 STA/LTA A
Fig. 2 Original waveforms (a) and STA/LTA values
calculated with different long — time (b) and

short — time (c¢) windows’ lengths

®3 HERZ. FEREKET STA/LTAE
REFIZERE
Tab.3 STA/LTA values and operation time at the same time

and in different time — window lengths

KERKE N, friEntzls SEKE N, STA/LTAE E8 1A/

40 46. 89 4.626 9

2 000 3221.73 100 18. 81 4.757 6

200 9.44 5.017 6

400 9.87 1.054 2

2 000 3 221.735 40 46. 88 4.600 3

4 000 87.78 8.8930
BN 1 h,

[ E N B KB 40 (0.2 s), 43 HIEURK i
TR EE N 400 (2 s), 2000 (10 s)., 4 000 (20
s), TERRTERTZIN 3 221.735 s I, N, =400 Bfit
TR B STA/LTA 5 K1H K 9.87, iz B W} [H Ny
1.054 2 s; [RIBFZ), N, =2 000 Fl N, =4 000 %t
() STA/LTA {H43 510 46.88 (4K T 4.75 £%) i
87.78 (IR T 8.89 %), BHMFEI 53k 4. 600 3
s H18.893 0 s, M AU, FETE [ e AR, K
B R RS A R, B S8 STA/LTA {3 K, STA/
LTA BE @ R 3, & B K u g K B 2 000
(10 ) PRIFANAS, 43 5 U B 7 4 B R 40 (0.2
s). 100 (0.5 s). 200 (1 s), fEFrERE K
3221.73 shf, N, =40 B STA/LTA
KAE K 46.89, iz B It[E] N 4.626 9 s; [q] i Z,
N, =100 Xf [ i) STA/LTA {64 18.81, 4i/N T
2.49 15, BEIHE N 4.757 6 s; N, =200 X )

lta
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STA/LTA{H ] 9. 44, Hi/NT 4.97 4%, BB EFE N
5.017 6 s, M_LATUL, B [ ANARRT, ) o
KRB K, B S50 STA/LTA {H /)N, STA/LTA
s R

gr LTk, K. REHE B BEXT STA/LTA {8
PR A R R, [ —BF 2], YK g
[ NSRS, AR S, STA AT T LTA B84k
/N, STA/LTA BN 00 6 [ N AR, bl
FHRNE KRR, STA HXFT LTA #9758 1k
K, STA/LTA {HZWHE K,

UM FEFSRN;, STA/LTA (HASALIR B bk,
BB R SR, B G K, MR RN 2,
BRI, TR G G B BE G
AN TP, AR BT TP RR e,
I, BERAIE MR K LN B,

FIFH MEMS ZU B3+ 47 2 WE i i, 2R
i AW 25 S0 e%, SIRARR, BT STA/
LTA BB e BRI 5 . SEe R0, 4%
ANFE B K, STA/LTA {72 4L R 9. 44 ~
87.78, izNE AL 1. 054 2 ~8.893 0 s,
PRIt 28 25 B B 7 K B2 R 100, KR B B O
2 000, ARIUE STA/LTA {H SR IR BERE R | ia A
I R D
2.3 EMEAESHT

158 STA/LTA S84 3 i 2 BT I 0 Y
BRI AR A — A R 55851, X
TE—E R 554k T A0 I B P R AR S Y BE A
fE, HIFFEE M IER STA/LTA Bk, Bl STA
HULTA % D143 85, i STA Fl LTA % 1 2Z [ f — X
B (6] (8] B ( Ruud, Huserbye, 1992; Bt & 1 4%,
2015) . P, ASCK AR E BT RIEZ G,
BB E G STA/LTA 81 51655 STA/LTA Bk
X} STA/LTA {HZE AL S sz, stk i ik 5 A =X
mr .

Nsm -1

1

STAU)=]nm2;0F<i-j>, i =N, +N,,

Nsla +Nlla + 15'“’” (9)
1 Nha’]

LTA(i)=—— Y CF(i—j), i=N,,N,+1,
Ita j=0

“n (10)

N STA(i) .
R(L) - LTA(L _ Ng[ﬁ) ’ L= Nsta + Nlta’
N, +N,+1,-.n (11)

i {&/Gal

STA/LTAf
553
3

A EARAR, AR 2019 41 H 30 H
FEDU PR MEMS 1B 3R 45 1 b = 5080 1
REARPAT I, BEEE CF, (i) AR AE %L, At
BB R 100 (0.5 s), KETEKE R 2000 (10
s), SPFTEEE T AR R ST, PR AS [ 7 o7
BT STA/LTA HR A fb a3, MK 3b ATLIE
T£3222.04 s B, % TR Z N STA/LTA £
KAE A 19. 18, STA/LTA {HiZ B [E] K 4. 674 6 s,
[F—AZl, JE o T K % 2 )5 19 STA/LTA {1k 2]
452.84 , WK T 23.61 1%, STA/LTA {83z B W}H] Ky
4.626 Ts,

FEE TR G 25, STA/LTA {6 /)22 LR
K, BkB R n >, B RACES PR
o P ] DU o S S Ok etk STA/LTA B
2, fHTGE T MEMS 24T,

F (2)

4
2
0
2t
4t
6

3220 3220.5 3221 3221.5 3222 3222.5 3223 3223.5 3224 32245 3225
t/s
L ® 1
P — SR
R KB R

P
(=3
(=]

0 L L x" Y L n d— N J
3220 3220.5 3221 3221.5 3222 3222.5 3223 3223.5 3224 3224.5 3225
t/s

B3 REEEY (a) F ARG
STA/LTA & (b)
Fig. 3 Onginal waveforms (a) and STA/LTA
values calculated in different short — time

window positions (b)

3 BRI

ARSCHE ] MEMS ZU B2 T R4 1) 22 21 b 52 50808
AT, BOERAER N 200 Hz, BHEA 1 h, 3%
£ CF, (i) MFFE AL, JEIH K BN 100 (0.5
s), KEHEKERN2000 (10 s), HE—HorHrHbig
S 7 BT K I 2 5 B B9 STA/LTA B 5
{855 STA/LTA FE I IACR , 45 Wk 4, Hrh
i 25 387 B AR R B 5 N TG IR i) 22 [ 1 B
22, #4 SR, SR STA/LTA 5545 BT[]
BRI ZEH]0.92 s, 1555 STA/LTA B35 BN 6] Y
KR ZE R 1.94 s, XA —d B E R, ek
STA/LTA .3 - 132 Bt Al 4.765 5 s, {£5:
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STA/LTA By Y B ke oy 5,111 2 s, B ]
UL YRR [R] A ERAE pR BRI B K, IR A
[A] ) fir A B A B, 2R RY STA/LTA 833 35 BUSIUR:

Wy, HixBkEs TR, Wh TR
], SIS T BT URA BRAY MEMS 21 B2 0 A X
IVA;ES

F4 B STA/LTA Bk 5184t STA/LTA Bk MR R
Tab. 4  Picking effect of the traditional STA/LTA algorithm and the improved STA/LTA algorithm

B AN TIRIR o RBSTA/LTA B3E W2/ fRG STA/LTA B eilbi) STA/LTA B3k w2/ SR STA/LTA Bk
e s It © PHERHIE R T s N L

1 3221.55 5 3221.56 0.01 3221.555 0. 005

2 1 044.75 7 1 044.93 0.18 1 044. 825 0.075

3 1 281.55 6 1 282.07 0.52 1281.75 0.20

4 1 044. 05 10 1 044.22 0.17 1044.15 0. 10

5 2939.5 5 2941.44 1. 94 2 940. 42 0.92

6 1071.13 5 1071.18 0.05 > 12 1071.15 0.02 47653

7 1 068. 9 8 1 068. 95 0.05 1 068. 91 0.01

8 761.2 10 761. 40 0.2 761. 36 0.16

9 1 075. 05 5 1 076. 38 1.33 1075.36 0.31

10 1070.50 5 1 070. 68 0.18 1070.58 0. 08

R5 MREEHER

Tab.5 Samples of earthquake events

L e

¥ R ] —_— BN
7 Ap/(2) on/ (%) MR

1 2008-05-12 14:36:39 103.58 31.27  #B/LHE 5.8
2 2008 -05-12 14:41:55 104.65 32.09 Tk 5.1
3 2008 -05-12 14:43:.15 103.81 31.27 EZ)| 6.3
4 2008-05-12 15:17:29 103.62 31.12  #B/LHE 4.3
5 2008 -05-12 15:22:43 102.75 31.28 bl 4.7
6 2008 -05-12 15:40.07 103.73 31.38  #WULHE 4.8
7 2008 -05-12 16:31:39 103.40 31.17 bl 4.0
8 2008 -05-12 16:36:26 103.22 31.04 bl 4.2
9 2008 -05-12 17:19:11 103.66 31.02 bl 4.5
10 2008 -05 —12 18:02:36  105.22 32.45 HI 4.6
11 2008 -05 —12 18:04:05 103.26 31.06 bl 4.1
12 2008 -05-12 18:06:12 103.91 31.47  #BVLHE 4.0

13 2008 -05 -12 18:16:20 105.13 32.33 AT 4.3

14 2008 -05 —12 21:40:53 103.65 31.02 bl 5.2
15 2008 -05 —12 22.09:48 103.58 31.34 den 4.6
16 2008 -05-12 23:05:30 103.79 31.20  #WIiE 5.2
17 2008 -05 —12 23:15:46  103.47 31.10 bl 4.2
18 2008 —05 —12 23:52:12  104.05 31.21 wZH 3.7
19 2008 -05 —12 23.54:37 103.30 31.77 bl 3.8
20 2008 -05-13 00:28:18 104.36 31.59 Y 3.8
21 2008 -05-13 19:10:40 104.38 31.70 el 3.6
22 2008 -05-16 14:34:36  105.16 32.41 %) 4.2
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The Applicability Analysis of STA/LTA Algorithm for
MEMS Seismic Intensity Instruments

ZHONG Yuan, HU Xingxing, TENG Yuntian, CHEN Bo, HE Zhaobo, SHEN Xiaoyu
(Institute of Geophysics, China Earthquake Administration, Beijing 100081, China)

Abstract

Though a number of forecasting techniques are used for the detection of seismic events, each of them has its
own pros and cons. Since the MEMS seismic intensity instrument which features low cost and follows the principle of
high-density deployment has limitation in integrating software and hardware resources, it is difficult to embed some
more complex algorithms. Based on the simulation calculation of Matlab, this paper aims to select the parameters
that can improve algorithmic sensitivity, picking-effect of seismic events and calculation efficiency according to
different factors of STA/LTA algorithm including variation tendency of the STA/LTA value, picking-effect and
computing-time in various situations such as different characteristic functions, different window lengths and
different short-window locations. And the improvement of STA/LTA algorithm is applied to practical seismic-data
processing. The final analysis suggests that diverse characteristic functions have corresponding effects on facets like
event picking-rate, picking-time deviation and computing-time of algorithms; the greater difference between the
lengths of long-time windows and short-time ones, the more obviously the values of STA/LTA tend to change; the
computing-time of algorithm depends on the length of the window ( positive correlation) ; putting short windows
after long ones can intensify variation range of STA/LTA values, reduce calculation amount and improve the picking
time. In conclusion, the improved STA/LTA algorithm can improve the picking-effect, calculation efficiency and
use less memory resources, so it is more suitable for MEMS intensity instruments with limited integrated resources.

Keywords: MEMS seismic intensity instruments; STA/LTA; picking; computing-time



