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2.1 MREFRTE

AT IRATRE E IR M= A H SR N iR . IRATEEH Obspy X
— T HAT HFZM NG

Obspy 7& —EZT Python HiFE £ 4L B T H AL, T 2010 4 H Beyreuther
FENgBIFT Github JHE, HAETE 2019 FHEIE 1.1.1 A, HELTF
Mt (http://docs.obspy.org/) fE Github 4B . 1Z T HAZRAK Python R
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2.1.1 Anaconda &%

2% Obspy B, 3EZIEIGET Anaconda #1T%%% . Anaconda /& —/>
FFEK] Python WA, 8 1% Python s BRI ZHHEA, W1 SciPy,
NumPy % . Anaconda HI'E /7 M ¥4 A https://www.anaconda.com/, ] A
BEHAE Windows b F#EJf%%E. Python FIMLHAMAHEE AR 2
M5 =J7 %, FIH Anaconda %358 =77 i vl LA 203 B FRA T I A% 85 248
5o fHfEEMZ, Anaconda MIFTARZRE LR H, KIENEBIR (Wi
e BRI T 2019 F 4 HOSfFIEE . %% Anaconda Ja, W LUHE
iT emd (3% Windows Powershell % A\

anaconda —V

WRHI T Anaconda WAL E, MU Anaconda %2251,

2.1.2 ObsPy W&

Obspy LIS TE Anaconda Cloud FE%, conda-forge /&N | i FlzE
SRR R . 1.1.1 BUA ) ObsPy RIZE M4 https: / /anaconda.org/conda-
forge/obspy L3 F|. MRE HANEET Python MIFETF 7 ZHAT, MmEIEIN
NANEE) Python T H A EHFIIAEE, DAFR UL SANEE =07 FE Z B R

73 N EE VAR =4 /1 O

7E emd HHIA

conda create —n obspyEnv python=3.5

activate obspyEnv

B2kt A 4N obspyEnv IS, Python fRAHN 3.5, Z 5 &
G NNV EE, F#5C G F 8 = 2% a2 BRI 30E obspyEnv 3
5go WS KT, 78 emd B P 3ORTEZET, 2F (obspyEnv) MR
F.

EAERZ, WRYS Python B A& VScode, MIATHEL H I
—E M. R VScode P B 24727 /2 Windows Powershell
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IMAE emd, BBEAE VScode r4AT T H AR IR R A BaE S 8. Wi
SR TR 0 i) AURT LR

conda install —m root —c pscondaenvs pscondaenvs

2235 PSCondaEnvs )5, #HAT#4

Set—ExecutionPolicy RemoteSigned

2448 PowerShell 224 280%, XL AT LAYE VScode 8355
Bl sEAE G, Bnrfd H a4

conda install —c conda—forge obspy

274 ObsPy. [HIFFEERZE, %% obspy [FIBITREFERT, WSS
NumPy HIW 5, F5FEFTEikIE1T, X & HT ObsPy Ml Anaconda #BH 7
7 NumPy %, WREFXFER R &, o] ARA pip HH %% NumPy &,

mAWR

pip uninstall numpy

pip install numpy

Python #2745 @ Uf# H VSCode Bi# jupyer notebook £1T4m5 -
VSCode RAREAMMFE A, F5 IG5 g fE B T 5 (A] DA 45
T A FNEEIIRE), VSCode A LATE https://code.visualstudio.com/ T
#. jupyer notebook WIT] LAHEAES;BLIZAT BREL, FF HHAF & M UAR SR
g, ATRADT R pdf #2X, KRR B a8 R B U U B 4 —
i, jupyer notebook FJLL#IY Anaconda AT ZHEALH, w4 A

conda install jupyter notebook

GRESE NG TE AT 24T L& i\ jupyter notebook BAT4TFF,
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2.1.3 FIH ObsPy T&HittERR
24 ObsPy Ja Bl Al FI &l IRIS FaMZEFE/AHSE. BT

1 from obspy.clients.fdsn import Client
client = Client (”IRIS”)
3 from obspy import UTCDateTime

5 starttime = UTCDateTime(”2014—02—15")

endtime = UTCDateTime(”2016—11—16")

7 # T FE L B BN 1 H &

cat = client.get_events(starttime=starttime, endtime=endtime,
9 minlatitude=35.70, maxlatitude=36.00,
minlongitude=—97.6,maxlongitude=—-97.2,
11 catalog="ISC")

f = open(”cat.txt”, "w”)
15 print (cat.__str  (print_all=True), file=f)
05 45 B Bl cat . txt, X — @ EE B print_all=True, HHEMAE K HF

BATfE, H cat.txt A BongE BT

703 Event(s) in Catalog:
2 2015—08—31T01:04:03.480000Z | +35.761, —97.371 | 3.0 mb_Lg
2015—08—27T03:14:23.200000Z | +35.954, —97.410 | 2.7 mb ILg
4 2015—08—26T08:43:54.520000Z | +35.717, —97.457 | 2.2 mb ILg
2015—08—26T07:56:39.510000Z | +35.722, —97.467 | 2.3 mb_Lg
6 2015—08—25T15:07:58.680000Z | +35.891, —97.277 | 2.5 mb ILg
2015—08—25T14:46:11.480000Z | +35.906, —97.273 | 2.7 mb Lg
8 2015—08—24T16:09:41.560000Z | +35.840, —97.422 | 2.9 mb ILg
2015—08—14T10:34:39.540000Z | +35.705, —97.495 | 2.3 mb_Lg
10 2015—08—13T14:48:09.830000Z | +35.767, —97.405 | 2.6 mb Lg
2015—08—13T14:32:58.510000Z | +35.756, —97.389 | 2.4 mb Ig
12 2015—08—13T13:59:41.710000Z | +35.760, —97.458 | 3.2 mb ILg
2015—08—12T08:54:40.840000Z | +35.750, —97.388 | 1.9 ML

2.2 MHEEHRERH#ITESL

AT R H R B T Komeans R0, FIWE L8R . K
AL B, e SOFTH AL 5 A 2 (M B RS e, AR R B A2 52 (2
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WA H AT, (RS —HAHNREE S /. Matlab H 7 KD
BR KB AR AR AT IR

P EXFIH ObsPy #3210 H R AT A B, X HE AL Matlab H 3l
AE RSP SO N BRI importfile. §NJERIH kmeans pRECEHE FHAE N
=K, T

I W R H Sk
cat = importfile(’cat.txt’, 2, 731);
%ix B J& H python | # /)

o RAEK, 11h %

for ii=1:length(cat)
data.longitude(ii)=str2double(cat(ii,4));
data.latitude (ii)=str2double(cat(ii,3));

end

figure;

plot (data.longitude ,data.latitude,’.’);

title ’Oklahoma /| i 7E & 4 47 & 7

clusterEventData (:,1)=data.longitude ’;

clusterEventData (:,2)=data.latitude ’;

clear data

NumCluster=3;

opts = statset(’Display’, final’);

[idx ,C] = kmeans(clusterEventData ,NumCluster, 'Distance’, cityblock’ ,...

"Replicates’,5, Options’ ,opts);

figure;

legendCluster =[];

for ii=1:NumCluster
plot (clusterEventData (idx=—ii ,1) ,clusterEventData (idx=ii ,2),’0")
hold on

str=strcat (’Cluster

)

,num2str (ii));
legendCluster=[legendCluster;str];

end

legend (legendCluster)

title ’Oklahomall th fZ ¥ £ 5 25 ¢ 4L

hold off

REMEE R T B R .
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2.3 MWERKFEHTE
2.3.1 EHEFHTE

IRIS $2fit T irisFetch PRECHEATHIE Fa. WATRIE ZATHREH Cat
H3%, T# GS.OK029 &%, B EHE A ERFE 10s, R4E
GS.OK029 G ubfRAER, 1521 RFE SECH 1000 4. K= BRI
PEPHERD TSR 3000 HF A, F A 11530 1) SRR EE R o iX ey
PEFT EAHR bR%E, RUPTH TG W g I gh. that, FEEImE
PR T INGR T, FEITIE—t, TR A1, 5 dEmt 2]
[0,1]c Matlab RS

o T HME B, I H BB HE R

ratioNoiseEvent=3;
ord T CME DR EE LS

NumNoise=length (cat)*ratioNoiseEvent;

data_ cluster=zeros (NumCluster+1,length (cat)+NumNoise) ;
%X WYL 17, A8 AE ENumCluster+1, 7 5
startTime=datetime (strcat (cat(1,1),{32},cat(1,2)));
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endTime=startTime+seconds (10);
mytrace=irisFetch.Traces(’GS’, OK029’,’00’ , 'HHx’ ,datestr (startTime, 'yyyy

—mm-dd HH:MM: SS’) ,datestr (endTime, ’yyyy—mm-dd HH:MM: SS’) ) ;

waveform=mytrace (1) .data;
WITTTax BN T ¥, R — D RKEMK. A

data_wave=zeros (length (waveform) ,3,length (cat)+NumNoise) ;

h=waitbar (0,” IE 7E '~ & %45 #l 1F $ 4 & (F A3 ) 7)

for

end

ii=1:length(cat)

startTime=datetime (strcat (cat(ii,1),{32},cat(ii,2)));
%{32} & — A = H

endTime=startTime+seconds (10);

%3 AT 107 1

mytrace=irisFetch . Traces(’GS’, OK029’,’00", ’+’ ,datestr (startTime ,’
yyyy—mm-dd HH:MM:SS’) ,datestr (endTime, "yyyy—mm-dd HH:MM:SS’) ) ;
%M 75 E A7 4y B A&, Net, Sta, Loc, Cha, Starttime, Endtime [,quality]][,

includePZ][, verbosity]
% EHZ/EHN/EHE Short Period 100 sps
% BHZ/BHN/BHE Broad Band 20 sps
% LHZ/LHN/LHE Long Period 1 sps

% VHZ/VHN/VHE Very Long Period 0.1 sps
% A TGS.0K029, X HHHALH, {7 HHH

if isempty(mytrace)==1
DataMiss (ii)=1;
continue;

end

P B ERA? il e

for jj=1:3
maxvalue=max(mytrace(jj).data);
minvalue=min(mytrace(jj).data);
% data_wave (:,jj,ii)=(mytrace(jj).data(1:1000)—minvalue) /(
maxvalue—minvalue) ;
%2774 B 22 AR B10014 2?2 E 4 Al
otk P )4 — fk
RE—EH—f, BMaf “Wka”
end
%oix HLfli 7r 2
data_ cluster (idx (ii),ii)=1;
str=["H M5 AL PE A T AP EHE ... ,num2str(ii/length (cat)=*100), %’
K

waitbar (ii/length(cat) h,str)
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close (h)

)

ERERNRE, TEEBICEIEA AR e B0 . L R BeBof xt
RLEcHE, RIE Trace S50 284S, W2 RAMECHINT. 535k, AR T
BT HEE AT REAZ 1001 AN AR, XI5 5 S B a1 LA e X LAY
B T — € T, 0 A0 N A2 R BT A IR T 3 — ) —
e, KB BIHAE, SECR =AM B PR RS I
K7 ELE, W ERR.
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2.3.2 IREREHNTE

N T AEAFARE A 2 AT DA e A, JRATTIE 75 2T e i
TN, XS IR E 7R B RE. B0 1 A 1 HER 1 g
=2 BPAMANFAE, IBAEL 1B 30 /AR S HEE . N T B AF IR X
SO, ASRAT — AR AR H %, IR A FRATTHCE) “HERfRR R /AT
REMEtBOR . XS AT b 4 SARSE (I RATI R E v 3 25, H
Matlab A1 .

h=waitbar (0,” 1E £ '~ 8% £ il 15 £ s 58 (B & A ) 7)

figure

for ii=0:length(cat)—2
startTime=datetime (strcat (cat(ii+1,1),{32},cat(ii+1,2)));
nextStartTime=datetime (strcat (cat(ii+2,1),{32},cat(ii+2,2)));

intervalSeconds=(posixtime (startTime)—posixtime (nextStartTime)) /2;
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start Time=nextStartTime+seconds(intervalSeconds);
SR W], 3K AN 8, BT

Vot & 38 3 Y AN A ] Ty I
for jj=1l:ratioNoiseEvent
endTime=startTime+seconds (10);
mytrace=irisFetch . Traces(’GS’, OK029’,’00’, "HHx’ ,datestr (
startTime , 'yyyy—mmm-dd HH:MM:SS’) , datestr (endTime, ’yyyy—mm
dd HH:MM:SS’));
if isempty (mytrace)==1
DataMiss(length (cat)+ii*ratioNoiseEvent+1)=1;
DataMiss(length (cat)+ii*ratioNoiseEvent+2)=1;
DataMiss(length (cat)+ii*ratioNoiseEvent+3)=1;
continue;
end
%H AR R A B
for kk=1:3
maxvalue=max(mytrace (kk) .data) ;
minvalue=min (mytrace (kk) .data) ;
% data_wave (:,kk,length (cat)+ii*ratioNoiseEvent+jj)=(mytrace(
kk).data(1:1000)—minvalue) /(maxvalue—minvalue) ;
%ix B 5K ¥ data_wave 3 4
end
subplot 311
plot (data_wave(:,kk,length(cat)+ii*ratioNoiseEvent+1));
subplot 312
plot (data_wave(:,kk,length(cat)+ii*ratioNoiseEvent+2));
subplot 313
plot (data_wave (:,kk,length(cat)+ii*ratioNoiseEvent+3));
data_ cluster (NumCluster+1,length (cat)+ii*ratioNoiseEvent+jj)=1;
Yod ST W
startTime=endTime;
end
str=["H 85 AP Ay T B S A .. num2str(ii/length (cat)=*100), %’
I;

waitbar (ii/length(cat) h,str)

end
close (h)

52N A 2 B PR
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MM ZE RNN &5, KDL MN# 2 F A Sigmoid BREIELHE softmax
FRBISIM S o EE, JF HAE E bR, B SR A Cndtie
FEEESE) RS B Ak s ME, BEm I 2R 4 i 4% .

2.4.2 EF Matlab BIFHEZE K%

Matlab H 7 J #HZM 4% T 246, £ Matlab2018a # H 77 | Neural Pat-
tern Recognition (nprtool) T EAR IR ., 7Emr 217 i nprtool
REATHTH T HA.

RIEIRRE SR EER RN 2 TR AT ISR, g0t i an B prs

HUNGREEECH Ny 2595 I (CFHARAIEA LA 1:3), JLUIZRIIEE SR T IE
FiR

WRIEERE, BRINGRISERBLF (Training Confusion Matrix £z [H
—4T), (HETENNREEF, 55— RN RUEm R A 40% A
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ﬁ:n‘g Welcome to the Neural N k Pattern Recognition app.
Solve a pattern-recognition problem with a two-layer feed-forward network.

Introduction Neural Network

In pattern recognition problems, you want a neural network to classify inputs Hidden Layer OQutput Layer

into a set of target categories. Input Output
For example, recognize the vineyard that a particular bottle of wine came j EQWW
from, based on chemical analysis ; or classify a tumor as benign

or malignant, based on uniformity of cell size, clump thickness, mitosis

A two-layer feed-forward network, with sigmoid hidden and softmax output
neurons , can classify vectors arbitrarily well, given enough

The Neural Pattern Recognition app will help you select data, create and train neurons in its hidden layer.

a network, and evaluate its performance using cross-entropy and confusion

matrices. The network will be trained with scaled conjugate gradient backpropagation

® To continue, click [Next].

« Neural Network Start 4 Welcome @ Back % Next @ Cancel
% St
5: nprtool L E4H

18.4%, HEAWBERGMAEE S (26%), FEFEFZINGER D, AT #E
PSRRI )8, FRATT N At A B G s KA 2% 1 5% B =i A
g, BT AR AN B 2 Dataset AddNoisel F1 Dataset AddNoise2, 10
A BB AE an  E Ts

PATREX PS5 B0 5 I ZREE & b, B4 Sl 9 I NI 2R 4R Datase-
tAddNoisel FlillZ£E DatasetAddNoisel 5 DatasetAddNoise2 FJllZk%h
R

H Matlab 4RS00~

for i=1:length(data__cluster)
data_waveSys (:,i)=data_wave(:,i)+0.02«xmax(data_wave(:,i))=*rand(3000,1);
minvalue=min (data_waveSys(:,1));
maxvalue=max(data_ waveSys (:,1));
data_waveSys (:,i)=(data_waveSys(:,i)—minvalue)/(maxvalue—minvalue) ;

end

for i=1:length(data__cluster)
data_ waveSys2(:,1)=data_wave (:,i)+0.05*max(data_wave(:,1))*rand(3000,1);
minvalue=min (data_waveSys2(:,1));

maxvalue=max(data_waveSys2(:,i));
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Neural Network

Algorithms

Data Division: Random (dividerand)

Training: Scaled Conjugate Gradient (trainscg)
Performance: Cross-Entropy (crossentropy)
Calculations: MEX

Progress
Epoch: 0|  17iterations 1000
Time: 0:00:10

Performance: 0522 [ 0.0287 0.00
Gradient: 180 [ 0126 1.00e-06
Validation Checks: 0 3 6

Plots

| Performance ‘ (plotperform)
| Training State ‘ (plottrainstate)
| Error Histogram ‘ (ploterrhist)

| Confusion ‘ (plotconfusion)
|

Receiver Operating Characteristic ‘ (plotroc)

Plot Interval: ' 1 epochs

5 Training neural network...

| @ Stop Training H @ Cancel

K 6: nprtool JIZxidFE
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9: WINECRAE 5% MR it

data_waveSys2 (:,i)=(data_waveSys2(:,i)—minvalue) /(maxvalue—minvalue);

end

% new__data_wave=[data_wave data_waveSys];

% new__data_ cluster=[data_cluster data_ cluster];

new_data_wave=[data wave data_waveSys data_waveSys2];

new__data_ cluster=[data_ cluster data_ cluster data_ cluster];

A, AN N T  N 2R R BORA 2] 7+ R it . &n
A DA LA A Ot I 10 2 0 2% b BRI B AS

3 RO

FRATTHI FH B9 A 45 320 4 22 I 245 oy o0t — Bt 7 B0 AT R . JRATT
Kl GS.0K029 &3 2014-02-16 00:00:00 F] 2014-02-16 10:00:00 %4,
TEHLFE H ok, B — 36 4 M EEYE, R Mg aT DA 9
AN, BRI N R TR

f§FH ) Matlab fCHS G~

for i=1:length(data_ cluster)
data_ waveSys (:,i)=data_wave(:,i)+0.02*max(data_wave(:,i))*rand
(3000,1);
minvalue=min (data_waveSys(:,1));
maxvalue=max(data_waveSys (:,1));

data_waveSys(:,i)=(data_waveSys(:,i)—minvalue) /(maxvalue—minvalue);
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end

for i=1:length(data_cluster)
data_ waveSys2(:,1i)=data_wave (:,1i)+0.05*max(data_wave(:,1i))*rand
(3000,1) ;
minvalue=min(data_waveSys2(:,i));
maxvalue=max(data_waveSys2(:,i));
data_waveSys2(:,1)=(data_waveSys2 (:,i)—minvalue) /(maxvalue—minvalue)

end

% new__data_wave=[data_wave data_waveSys];

% new__data_ cluster=[data_ cluster data_ cluster];

new_data_wave=[data_ wave data_waveSys data_waveSys2];

new__data_ cluster=[data_ cluster data_ cluster data_ cluster];
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