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ABSTRACT

The most common signals found in nerve signals are isolated spikes. However, biologists have
detected signals other than spikes in the thalamus. These are known as bursts. This paper will
mainly be examining the characteristics of bursts. Moreover, the data found will be quantified

in order to automatically detect and categorize bursts.

First, we will introduce how nerve cells generate action potentials and the background informa-
tion of nerve signals. Next, according to the bursts selected by a biologist through experience,
we will generalize the characteristics and establish three screening conditions. These three
screening conditions are as follows: associated with time, the gap condition, associated with
amplitude, the decay condition, and associated with waveforms, the shape condition. With
these conditions, we will then apply them on to a set of raw data to detect bursts. Before detect-
ing the signals, we will first process the raw data. This includes down sampling and filtering.
After processing the raw data, we will automatically detect the bursts using the three screening
conditions mentioned above. In addition, using the Principal Component Analysis (PCA), we

will then classify the bursts.

Testing with the bursts that the biologist has selected based on his experience, the results col-
lected through the filtering is confirmed. Moreover, the bursts detected from the raw data using
the filtering criteria also pass the test. Therefore, we can see that the filtering criteria can reflect

the characteristics of bursts and effectively detect them.
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BREEAI o B THMbursts 9458 > E A& F—EHR—BAFEOT R KME
BZRAALHEG T XX BERXREY bursts 3AIK » FH B LR EHRFRERGHK - B
SHEMASRIAZERET 128K XA LB EA Y bursts B HRIE - L
THA B ERRR LR AT S0 G EGA -

3.2.1 HRaisHs

LA —F RMARE > bursts £ —F by E A units AT LR BY AIE & Figure 2.5 &
%18 €% B bursts B9RILRA > LR bursts &9 units BE E FEE » TRRA=ZME > &
T he L W18, .. ¥ o Figure 3.6 A& —18 &1 =18 units AT MR8 bursts » & T &AL R » &
1% & bursts 5 — 18 4 69 Sy 4F T4 % — 18 unit (Ist. unit) » F=1AE LG H4E
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burst

1.5 T T T T
15t uni\ «—2nd. unit
1 i
T 05F i
j=l
8
K=l
=
=
o
2 0
2
k=]
=
E 051 7
4k "\ 4
3rd. unit
45 ! 1 | 1 1
420 425 430 435 440 445 450

milliseconds ( 1/1000 second)

Figure 3.6: bursts sR.3% B

E AL BB =18 unit (2nd. unit) > ASLFEEHE o BB P T XLE B > unit $ unit L H i
ARES MAAFHMHREY o 3F T units K S E units BB A 0FH > &5 —1@
burst # BT A units B ] B 58 -F35 > #& & burst #9 units - FH M B o

14007
— s dat
1 — normal
1200 : : 5 2 : A
N R N ¥ \ A S R S |
800~ b
8 :
600 :
400 :
200 : 4
0 I i i L
25 3 35 4 45 5
Dala s
10

Figure 3.7: bursts 34 ¥ & ¥ B A 7% B

Figure 3.7 & bursts 8 FH MR MO E B » KB FH T > FHLERYZ
REESH  AMARNRMEFRNN 1~ 4 ZHIH o 2 FF S E Wy X R
B ARBEHHEFHER > RMMREF —EGHEEH 0 THEH A6 units » Ak
HEHERE NN 1~ 4B o
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3.2.2 R AREH

Bursts 7 — 1B 88 % 69 2 8% > 18 unit KRB T ER KRB/ K o 4 units Bk K
By 3% unit 89 FOFSLIE S 6 FE B > AR B BE R > 4L B kR K 0 B8 unit X —1A
BB ERT  ABHEEAIZE unit B AR > 48 L2 E unit WIRB A o

m B l » \
(a) & 7% units 24 69 BF H BB K ) (b) K& & H 4%
Figure 3.8: bursts ¥k & ¥ i = & B
R I8 A XM bursts B IRBE EILAB R X T > Figure 3.8 R L& 7 X7 &

Bl ° Figure 3.8 (a) 722 %18 B 4% X & — 18 unit 693k 48 o #£ B F 7T v 91 B & 2| Ik 18 3 ik
A8 BT RAEGHARZ -S> AMEARIFAZEABEB IR —HFEHFE
8o B FELHHE o Figure 3.8 (b)) B HF AL R R —0.0280 RABETHRE
RERE o RAFET bursts #9518 units - 1e > AR L BEHBHAE -

FE B % bursts A REE — 18 unit RGO KK E > 4 Figure 3.9 £ B F T
AEE > Rigfe 2 A M4 > Figure 3.9 94 KA EE 07172 % B2 #AH
MEOPE > ARBHRTFORBARICLBETRARMEEZEER % o €% units
R THE BREELTEHEANKE  TERXEE-RERRBEATOREZLX
FWHBIR?ZERFT L - MR E T —18 unit 99K %€ L A7 —18 unit k@4 42
(r<1) > B2 &%E—18 unit &4 5 F —18 unit &I&H 80% Bk » RE KRG K
CARZHNBANYE - FOTK U —LHAEREEREGH TROMG  £3HAL
T HAZRE units IRI@EBG KM% > B LEOREGHEREE N LERTE -

#A A%, bursts & units EE R EAF > £ 58 bursts & F 0 £V AAH =18 units »
A% — 18 units R ME B hy > F =18 units IR E hy 0 .. AE I > &K —18 units
B R1@ B hyy o W E R =18 units /1@ > B AL FIHERBREE > do Table 3.1  #
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Scatter Plot
0.005

-0005

slope

s 1 1 1
045 0s 055 06 065 07
first amplitude

Figure 3.9: ¥ & & 44 R 8 5 — 18 unit &4 B

FHE | BEE
ho
22109076 | 0.0627
hi
hs | 09018 | 0.0819
ho
hs 108179 | 0.0739
hi

Table 3.1: 7 =18 units Ik @F %k

AP T AA 2148 AR89 units RIS E-FH R 09 9 IETEK -

J& A AE B bursts BIAIE T > A =B X @18 units L A% bursts 4918 # & % > Table
3.2 #= Table 3.3 2~ 3| 438 WAL bursts 2 M o £ Ll Z & F T LA 2 —ER
F o AR units £ — B EFAR0INIBEZHZER > AERIEGEEZF—EIRE
8 0.8 R FAA T —ERIE o FTALE Table 3.3 F 3| > Fwlikigs £ =ikt
FHY o LR E T AL A &8 units AR AEE o
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THHE | BEE
}LQ
— | 0.9052 | 0.0624
ha
hs
— | 0.9042 | 0.0790
hg
}Lg
— | 0.8177 | 0.0854
hy

Table 3.2: W =18 units %A% burst # units &1 bR %k

FHH | BEE
}LQ
=2 109187 | 0.0613
hi
s 1 0.9016 | 0.0595
hg
}L4
241 0.9482 | 0.0755
h3
ha
~1 107840 | 0.0835
hq

Table 3.3: & W 1E units %L A% burst #J units &1 LR &
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% units IRIGE R EK > BER by = 0.8h B » EABBAGBEZT » L THH

4"_% _ hlasl_hl
t
_ 08hi— Iy
N t
hy
= (0.8 —1)—
( ) ;
h
= —0.271 (3.1)

At BB K 31 XNTAEE > & h RKE > BI4REDh &8
Bl RAEK RE B AAM > JE4FF 4 Figure 3.9 89 & R A Figure 3.9 ¥A & Table
3.0~33 0 RV Z T H = BHZMEHM © Tunits WHRWBEFR 09 W ILEBRBRTH» &
RBRREF—EIRISH 0% R B > B ABA T —Bunit B4 o

3.2.3 g

RE—_Foid > F—EANS0RELHHELEHAB X IBTE T LM
Fl ° Bursts & —#& & ] — 18 7% & 4m fo, BT 25 £ 692035 > 3 R 518 units 93k 1@ & A PTIR
o B R BBERACKE » HIEHEZEAM -

ERAHBHR > FHEEROMELEAAR G EED FHLEK - SLRTHESG TE
A1 > B EE burst P 49 units & >0 AP — B unit ERXEF L —FH > EFERR
K48 R o 4 A%, bursts #9 units —— B > @@ ER K > FEEF —B unit K
HARHREE c A F—Bunit & sy H=unit & s> ... Ak Bl ;=2 . .n

R
s - VIS 0 (3.2)

si

KAV B — 18 € & 69 bursts AIEAR A (3.2) NG H AR ERE » BHFATA R
£ o

£ Figure 3.11 P TRAH B » Z-FHTA QA HRERZ DA 50% > T ABRET
Bl — B @i g A AR 35% > LA ZHREY  REHAB@api) X RAEX > &
BREHETHET > ARBMKEZTHZMEGEEH - [ 548 units $3Z burst 89 F — 18
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Burst signal Spkes stack
04 . oar
o3 A 1 03t el
I \ 2N
02t /\ B 02F g \\\;k
| \ r/ \\ Y/ \f: -
041 \ \ ‘ \ 1 o1r X
\ \ | \ 74 N
| \ \ / N
of\/ /7 " A \ AN 0 O L
" \/\ N W T
/ -
04 / \ \ / \\ 0.4
i \
02 \/ v “\j 02 N> A
e TR wo w0 @0 a0 4 a0 a0 4w 50 ° ; 10 1 2 25
(a) /&% burst I (b) B 48 Bl & & &9 units 3K
Spkes stack with equal ampltude
o4r
o0sf TN
02
0.1
/ N
(/ .
ok \
0.4
02 \
o f . . .
5 10 15 20

) AEFRK I - EHFRAmtBELZERF
Figure 3.10: 3t F 4L bursts 89 units XA HR LB E

unit A8 bb > AR E KT KA 50%1 o

3.3 BRI
AR —H P o RMELT =186 2 bursts AKX G54

o HHEAM units > HLHEFHMERBREANA 1 ~4FFH o

o units /R EH A IO HRERXK > AFIRBERES —BEIREH0DX E
1K o

o 1B units $L3% burst # % — 18 unit 48tk > LA R E R T KA50% °

EABET > KAV B R E 11218855 bursts RK > BERKHY
LR ATHEM o
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vvvvv

0
10 15

001 / \
20 25 a0 35 40 as 50
Data.

Figure 3.11: Bursts 848 $3& Z 4.3t A 5 B

Munits 83R48 € & RBEH ] > & & bursts 89 T2 KB — o ¥A Figure 3.8 89 & X,
KA o Bp B B R A AR A 0 o 2 RIRER RS AT 0 RMVAIN DB EG G
XA KA 112 18 bursts HIGEH BB - AT HBIEHE 1 ~ 42 ~ BUEHE
50% > B BAF A BOAE B B AR A 0 B o AR TR SRR AL AT — B 69 =18 5 iE
B RRRGTR  LRZERRIGER > NLBBEBZRKEHBE -

BT AfEAR » RV 112 18 bursts %38 - R EX X R A% > A =18 bursts 89
#FEEE > 4o Figure 3.12° &R EHEREX T units R HE XA AR - £ EH TR
R THRABRAZE  ARARER. . FREHICRTRARFEOSFH - KMAME
AABBGERL > BZEARRATRETHEARTE - §BOR RGBT 8 £ B
tg LA 0 Bl & & ZBARAEZEM L o

BT &I 4~ 29 AR 93 3% burst ¥ASF » H£% 109 18 bursts AR A P& 18 I ik 69 8L o
4 Table 3.1~3.3 &£4% T units MR85 06 R F 35 RAR R £ o KAT1A Table 3.1 B #| »
AB AR units #3689 T3 4958 0.9 ~ BB E £ 495 0.06 $ 0.08 ° Figure 3.13 #§ % — 18 unit
HBHEE =B unit ZRIBHLER > AR E B unit IJZMBHLE =18 unit kM@ R4 4
B HETAER ZRFHEE 09 9FRIH -

BEN W — R IIFG ZAGREHRTIIRL :

o BMlaiith : TR B 1~4TH

o MERMAEM : A8 AP units IIGERF LA T34 09> £ 0.07 (0.07 = (0.06 +
0.08)/2) 8% A4 5 &A& —18 unit ¥ 5% — 18 unit R ERZEEFIHME08 >
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milivols ( 1/1000 voltage)

milivaits ( 1/1000 voltage)
-
_
<\
—
_—
—_—

a5 7 a5 7
milliseconds (1/1000 second) miliseconds (1/1000 second)

(a) 4 3% burst (b) 29 3% burst

millvolts (171000 voltage)

as 7
milliseconds (1/1000 second)

(c) 93 3% burst

Figure 3.12: 112 18 bursts F ¥ #& R & & 8 bursts FRIE

2R E 0.08 8 F B
- ZMEAREE B o € (0943 % 0.07) ~ Mt € (0.8+3 x 0.08)
- RAEREE > B o€ (0,942 % 0.07) > Mot € (0.8+2 x 0.08)
- —MEAREE > B e € (0.9 +0.07) ~ Mot € (0.8 4+0.08)

o WIMEH R T B 50%

THRABEHR B AR R E8F > 112 18 bursts T 2 M 3% T %38 29 3889 bursts R
3% (Figure 3.12 (b)) ° A A @ L& %M E 112 18 bursts B IR MWEERFH > BT 29 3%
ASh s 4 R O3 AR ARBAABRRGAI > R ZARRELENRXTEZA XHRE
MR BREZXKEART o

FW AR B RMEARE E B > 112 18 bursts 2ZZM %X T 11 18 bursts © 11 18
bursts B T AT @0 &9 4 ~ 29 XA K 93 38X 9F » F oh 8 AR T B A Ik ha B A B89 bursts 3R
I o
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'j
L n
07 078 [

(b) % =183 5 =18 spikes & 18 tbE

|+
0 A/
o o % o5
Data Data

(a) & — 1A F =18 spikes {1 L E
Figure 3.13: units &7 b % & 7 B

At ES | BRABMEE | A8MEE | A8F | ERKER | MnER | EgR
J==Ne 112 109 54 49% 3 3 100%
uwE20 112 109 101 92% 3 3 100%
uwx30 112 109 109 100% 3 1 33%
Table 3.4: & EMEHA T AR T ILER
Table 3.4 R G BEMREH AR REITHER o AT TLAHE > & 112 18 bursts
HBFARTABBA —fp BT S 69 85 BI5H > LR RFE LA 9T AR R A B

WEREZH > FTABLMEERIK EFRBREFET
BER o ZEEE E

bursts FAIE o £ ZEAZE EZHEZ LT
54 bursts #’E’hﬂl@/ﬁcﬁﬁiﬁﬁ"ﬂ%aﬁlﬁﬂﬂ DR EMZETHRA

B EBGEENHRET - FINEZABRAME R AMEEA p+ 20 HEEHE
8 I AR AT ©
3.4 RIERIEAIFVAE bursts 94

BiB31 ~33FHAMERIARGERHFNEIAREL  EAHEFHETR
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20KHz signal
T

; ;
. i
. |
. i
| ' | “’\ LALLLLEE

I I I L I I L I I
0 2 4 8 8 10 12 14 16 18 20
miliseconds (1/1000 second)

millivolts (1/1000 voltage)
< o
o

Figure 3.14: 3% 0.7 AR R 3 4F €42 69 FIAE A

BTAMREGEHRAR R IAZRKARY  T—FHEL 11 248 B
BEBK AKHz 9 RBAE - M ZERRUATERE > OFEHE (# 40KHz K2
20KHz) » YA shrink & (A& 20% 09 A% ) - BB M RikHE& - F2F %
BAGMEHNGRR > ARBBR TN ENETANME > BRMMBRANA 1 ~4 BH &

BEE— GBS - RMEAFIBEFRNERGEGHE T - EF—ELBER

RRGEBETIEE » RBE—FRFRF > FABERX LA 0.7 4 Figure 3.14 - = R
B A REFEAAEERBR AEREERE > RARKGER A TREESZE
{a[: °

(a) & AR (b) A& Y1 B8 R F #3038
Figure 3.15: i i % — 18 & R 45 4 69 84380 3%

Figure 3.15 & R 8 45 & M Fatk 4 > 12 R & bursts #93R3E » Bk > KM F 24 A&
BAEAH o M8 8 M Rk B 69 RIE > VAR BAR B A F BT o R BIERNOTE > B
BRI REE R ZRBEN > MAYEE 0% £EW—PHHAAT > FHEE A HE
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REZHRBALAR FEHABEHMEEE S FM— I HPHLERE > HREH
A ERE AR AR units IR EMEE 09+2 x0.07 BRIK o LBIEARMEHFGHBE >
BT T 308 187 4 B R4 4 v B3 Ak R 69 3R3% -

25 15 /\ f i
2 . ,l \ i\\ “
1.5 :_‘I ol \ "\ ,\\
1 ‘\ | 1‘ /,\ \ ‘ \ (l) ‘ /\‘ ‘
oy | ‘I | l 05 v \ ! | Y ,/

| ‘ /Y
osr | | 4: [ |,\) ) “ l'
sk | |\l ‘ {

il I\‘ 151 l { '

(a) Burst No.1 (b) Burst No.3
Figure 3.16: i 18 B Fa & #F vA B imAd # £9 2R 3R

4838 M Ra 45 AR VA B R A 2 69 » BT AR B & 754 bursts HF A9 RIE

4 Figure 3.16 R HEBE XKL o F& » %%"‘ﬁ%%"th AT RE 4 > = Figure 3.17 ©

No. 29

20 40 60 80 100 120 140 160

Figure 3.17: 38 & B FR45 A v B3R i A5 A 69 45 38 A58

¥ AR Figure 3.17 & & units B M a4 1 ~ 4 A > Bk o6& Rk H -
EXRABTAEES > FoAunit WAV RLCHBEARRKGRRA - Ak > TLAH
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e AT AXHE B o FARME A AF B — R & bursts 72 38 69 F — 18 units > AE R units 8 KB £
ABPLEY > IR > K burst L & Bl — B &AL > de b 7T AP Figure 3.17
BHER > CHRRE TR AR UEAMOFRBELRENTE -

(a) PCA #h B (b) ¥AF ] &K & 4 &% bursts 89 spikes 18 &

Figure 3.18: Bursts PCA %4 B

3 A 6 3B R 89 283 18 bursts RIS o AR 3.2 B ME R FA
KRB burst £ R B AR — BN & &R > Bk burst 742 38 89 units & Y J& & A sk A8
P> B b EAIZLI F — 18 unit 89 & T BB B8 burst 89 R E AT o & F £ 5 H spikes
MK (BABYH R — KO HE T4 > 4o Figure 1.1 (b)) B > 24 A PCA (Principal
component analysis) # % %8 [4] o XA L@ Ed > Fl4 4L A PCA & bursts I 5
# > &R Figure 3.18 ©

(a) PCA # 15 B (b) k-means 2B & %
Figure 3.19: Spike (¥14F € 4%) #] Al PCA $ k-meas 7 & R B

Bursts 89X R B M 28 PCAFREK » BEHEFRIZAEHERAENG S R—H
VAL o B9 > — 18 burst T £6 w1 F B units 2L 4%, > units W EHE L ST AE9HE P E
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2B ARR ? R A5 B L3 e units B $ A TR > 48 F units B E ) bursts ¥A Rl —
B &A% ° 4= Figure 3.18 (b) AT % » EHEEKEH units TRELEFMH T » KL R
##® PCA R E 4 spikes 8918 &

VVVVVVVVVV

() o HERGK (b) H—B 69 o B 69 K
Figure 3.20: v %f #4F € 42 69 X & &KW

BFTREMELEZE L bursts TEGEG LB L@ EL - B > HE—FR
P B — A8 spike AR E B 24

0 [ ] . |
s z

() AR EGIHER (b) A HGLH B R
Figure 3.21: Bursts &% $2 $y4F 42 W b &R

Spikes 35L& & PCA 9 EH % » ERREABFN NG FE — T RHARFE = T &
o 2R EA v ¥y $ > e Figure 3.19 (a) © 13 2| spikes #9 # 4 B #& » #| Al k-means
%% % (k-means clustering) R 2 # > # Figure 3.19 (a) 4~ & W& > %= Figure 3.19
(b) e FBEF—FHFIB > AP B EYMEAFOREEN o B bursts 89K
WRHEEE I B EROOERTY > ——hH 5 EE > A BEEZHEELY
bursts K » MR X AMEUAR —RE Lk EAaME - WHEZGERP KT 4
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Figure 3.20 #= Figure 3.21 °©

REPTRESR » EZEETHTHGEEERY bursts > SEAB RN XE—EHHK
TALOG R » W AH » X—EAFR @k T §4E £ XK spike AKX > BEE
4 bursts IR ©

(a) 28 2 % —FF 49 bursts K (b) 9% £ F =F 49 bursts K
Figure 3.22: Bursts & 7% $ $y4F € 42 W bk

RENRBLERERAEAM  B—FRLEAREEKINT = AHETLGHEBLE
0.7 9P tmpe, » BV E BT & L spikes K » B F A BN E@RTEE L
spikes AR » & % bursts I o WHEZH » — AN BT BELAGHEETLETAA
spikes # bursts A RFEAE X, o
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V=3

F4FE HBEROGITHER

Bursts ARG — A AR B ARBER > £32HF » AABFHRTT —ALH -
Mbursts 8 &8 unit 9 K@ €L — B umit HE@H r 4 (0<r<1) » REEXAREL
AR EGRBR I ELHBARGTE] o ATHARNLIE LORSRUBAERE
(Numerical Simulations) * A TFT&RM AR L =ZHEFIRE » KK > RE=HBRAA
BREGRBEBRALE > AHRATEEEZERAFSFTHOERY > F1F bursts KK
g 3% R 6 LT AR o

TR —BEREZHORETHEY > F 5 ARAEXRIELGRERT
SREGERIHEEREE o ATHRANA T ESHFGHFER A RERR - RETH#H
Z H B o T @ A AR B 6 TR X -

A1 HEBEREFTESAHOEBERARIER A2 FREBKFHEIEE r 1
FRIGHEBEERRILR A3 R BE—AFTRIGOEBRER > RAFTE AW
TOBABHER A4 BB NZHOERHBETHE -

EBRPBEBEIAN AAN BT RALFA - BRIAARFETHRE > 279
AX =A{x29, 2} Y = {yn oyt o T R WMoy Ry BT
e XY XMt AEBEKFEE LT o

o 78 B 1% # (Correlation Coefficient)

n

D (@ =) (% —7)
ARG - = @.1)

\/Z(l’i - ) Z(yi -7

i=1

ABGEMSENA 11 ZH EMAAGARGARGEBHEREL 1 AKX
Ko~y LHGAKREER XY HEAH > KX » Z2RFL 0 BMKEA
B o

o ¥ B (Scatter Plot)
s x; BAKE g, B > Bl X Y 8984 B 4= Figure 4.1 °
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Scatter Plot
T

Figure 4.1: #&4

BT 7REHHHAA > KM A THEH :

o A X BHFHM ux  BBEox FRSH T > MERE n BAHB X =
(21,29, . ) > 1 R %%&X&—mwﬁm B 6 M K 8 BAE o 1A
XN ELAY R XY BEFRIBEGFHESHNEZLTE
KWy S HR Y pxr Y pyr? ﬁ=lﬁi5}5']%ay‘03‘0x‘0y/°

4.1 HfAEE— Y = RX

BEXZ—EAFHEE x BEER oy WFRIHEREE > K& bursts P&
— 1B units 8934 s RAEF—EFEHWEE 1, BEBEB o, W FERSHOEEER > K
Ry HREEGILE o &Y K& bursts P FH =18 units 9k > MY & X fFAR
y: e A0

Y = {y1>y27"'7yn}
= RxX

= {xyr, @ora, . T} 4.2)

P42 TRRESR vy, R, G r e RE o, RESFRIHNG » ux ooy BERT
Toa THROKE - BREAG FRI >4 ux =1, 0x =005 Bz, €4 68% % &
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(095,105) Z M o %%iﬂlﬁl’aﬂ;&akéﬁg{@;}%ﬁi ’ (09’11) “(Fﬂjrﬁ’é\_‘%‘_ 959 ;o
Ak EZMARR £ M35 B (0.85,1.15) # 84 99% 8 v, » HFRLHRT

rMERRYE R EBNB TT Al s BBREGR I AT T BRSO E
Bl o RES ugp=0.9,0r =001 > BT r;, T4+ (0.87,0.93) LK > &&—18
R FEE - Matlab A Z 8 randn() & A, (Matlab functions) TRAEEFEF R »
BPHEE OBRELEE | RS H o £ LR Matlab R A& 7.6.0 » randn() &
A A& YA Marsaglia’s Ziggurat algorithm & & 4 L& > & — X 4% A randn() & X5 R T #H
REXAALABNMBREABRET » UB LBEAHBEERIRTYEETRER -
RAFEMAG] T FHEPARRE > F M randn() FXEEELE o, AR r, > BFHE
y; o Figure 42 Q) A XY 85 HhB o o> Wk AFHr, 95K EF > £EEZKRT

(a)or =0.01 (b)or =0.1

Figure 4.2: XY % B

BHERARZT Y ARAEAZX fFE—AFE - # Figure 42(a) TAF B> HBEE&FAA
Bo EEMABTFF XY MG EL 09845 c RERZ r, TFEELECEr B

29



r>0c BRI OAMGEYT X TG TEOLR

Z(@"z‘ —T)(yi — )
ARAE = =

3= =

i=1

n

Z(xl —T)(rz; — rT)

i=1

i=1
r Z(l’l — x)Q
| (4.3)
r Z(I‘l —7)?
i=1

Zr<0° B :

A8 B 15 & =

= = =1 (4.4)

(4.3)(44) HATE vy, o, O XRATHF > MBGEETL 1R -1 ®YFEH > T
HAENLEBHERER 1 ATAREOAMERS K4 0 RE4HHE &K o Figure
42 (a)x; By, B9 B A KL HAE 4 09845 L FHE MM  Figure 4.2 (b) & 0z = 0.1
XY 9B TUAEREG o BR > Wtk r, O HBRELETE » o, Fo gy, 95
1y AL BT LB AR 3K > & Figure 4.2 (b) 8941 F P » 48 B 123849 0.3659 ©

EEARATARY —BEHRZ T X REBLHFRIHEALY = RX 1R
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TFToroXAYRMKMGBERROEREZEMK  F RIBET > LR o &)
B XMEARE—AFTHR > b (4.3)(44) To > b X Y 9B A RLBHE TR
BHEIRI  ZopgBRE > XY yAAMGELBHEGTHELO-

4.2 BAABRBE= : 1y =rpy

X FARARKF —18 units B9 3RH > RAT— P HHRTMR oY Z—EFHEE |1y

]

BREB oy OFRIGEEER > REAFE =18 units 93R1E - FROIFHHLIFEAS
CERERN G FHEWEGRYZEEE - BREZEGEOTERE -

mean:0 std:1 mean:0 std:5
T T

L L L L L L
0
-20 -15 -10 5 0 5 10 15 20 25 25

45

40-

45

40

35

30

25/

207

45

40

357

30T

25

20

e , il

cu=1L,o=1 Dpu=>5o0c=1

Figure 4.3: & E By H &1 A7 B

#EFigure 4.3 (a) YA & Figure 43 (b) ¥ B X G465 0> (a) BZRE £ B 1 8943
BAZE b)) BRBRLZES WG E B > REATUAABENES > TRAYREEL
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REZETRR > HEH © Figure 4.3 (c) YA & Figure 43 (d) B2 E £ K 15 (c) BT
A1 () BFHEES ERBEEYIHEHAR > E75RGBELBLEERR o

BERXFYy GoHERAR > Wk oy =0y > EFHERE - BB &S
Figure 4.3 8 (c), (d) Wk B AL o KAFTF 4 #| Al Matlab & A AR KB o, F7 g0 S o0
y, BAAR G BFHERE 42 r TER - RPLBORLTTAE R TF X
F

oy = O0Xx (46)

-@-\l'\i‘ Ux, Ox AR r ﬁ ’ {&P\E\ (35), (36) '6]‘,1'3.@] Hy, Oy é“j'flﬁ_ o JR3%K Ux = 1l,0x =1,
r=0.9> Figure44 £ &% z;, 8 y, Z 5% B » £EZ3EH T F4aM A —0.0588

Figure 4.4: B # 7 X =8 XY #4F B

REFTAFNAHBESRALEF > A XY M AR > XThA A AMAH
Mo
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R PRPFHEGIEREAF REKTRA  BAARBEZELZER > 2 FHHER
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Figure 4.5: 48 Fl - 69 % 946 A 5 B
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FHEARERREEIE > @y £ FHEGEE > ARBLFHME - AESAH TR
Ao Aoy EXH PG ERE IR o FARQGBETAEMNE o, AE g0 @
Ao, Ry AEEBE LN > RRE S E A H M Figure 4.5 891 R » BLMBE T Figure
4.4 BIREAAR M

LEEARATAFE —ALER > PHEREZ r O REREER > FELSHRY
AR EERBRETAR > ERGAREIRBLALEOERATH > EXREEYH
BROEARBESHFHAMANELZEEL AR BEEEERELNEABERAH
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43 HAEBE= Y =rX+N

BEX Z—BEFHEE uy BREEZB oy WFROIGEBER  REAF—M
units B 3RME c o r BFH > REARBTERERGLE VY r REX AL REF
=18 units B IRHE

Y' = {y1, Y- Un}
= rX’

= {ral,ral, ... ral} 4.7)

BEANBREX Y —BHEH - A NBFHE py BREZoy OFRIBREKRE
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oo REABR-BF N B Y > etbfFH Y o

X = X
Y = YV +N (4.8)
g T%%ﬁﬁﬁéi% Z; %‘7 Y; %K‘ﬁ‘%ﬁ?‘t% T%Eﬁ'ﬁ% °

Yux =105 =05r=09> BB uy=0,0y =05 G FEIHFELE N KA
#9 > FlAkE R 5% B > %= Figure 4.6 ©

X-y scatter plot Xy scatter plot
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Figure 4.6: ¥ 7 X =6 XY #H B 1

Figure 4.6 (a) #j A hw L& S0E > o, Fo gy, B R r 42 H 12 > MK AEE 1> RA
#£ (3.3) NBPTH Y o Figure 46 (b) i L& H % » R AR BAE I HKF % » F&H
AT A 280 » 48 M 14 8~ 0.4943

Figure 4.7 £ A T &Y FHERBEEL > KB FTAEE » THEANBELER
S SHERET  MRERS ERELZLK > AMMERK - FEHHEE
ERADpoMEA M E—AFTE ARTEIREHBIMGRENE - R > £
RERKR REABINSHREX > METHBREGHERGRREHTHED
WY& > Bt B o

FZARTAGH — B 3% > Bp4E H =18 units P& 13 90 B8 Ho 82 5 — 18 units k1A B
%o EHRAMBEORBRI BT ERSTHERAGAABME - THALKEF > XY
A AR BRI XY BB GEES -
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44 BEBRBERAETHE LK
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Figure 4.8: # 3 &R

ERBEFXZGETZmEER > BMARLARTR—BEAACTHEEMLGAR
R &R > 4= Figure 4.8 ©

BAFREBPARMFAGNERELSF > A ZRAFRY FHEEZEZHK
BARE A XN AR BB Tl o ZHGEFBRB F6 X KK units 895 —EHKS -
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ey scatter plot xy scatter plot

(a) B#H X — : 48 M 14 % 0.8040 (b) BE¥EF X, = : 42 M 14 % 0.0994
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(c) g FX= : M 145 05783 (d) 112 18 bursts 89 77 % 18 spikes : 48 Bl 1% # 0.4554
Figure 4.9: & K R T 9 &34 2 4n B i &

BETHATRFILE > ABRE X YR LB AL TRYE T HE — 8 units FHRBZ
FHERBRREEE - AR > AREFX—FH RALTHEHE T 4% — 18 units 2
% =18 units X IRAE LA BB LT AL o /& Table 4.1 T ¥ h = AR 7 X AT F £ 09 &
{8 © Figure 4.9 & =4 A H 7 X 2 112 18 bursts # % B LK -

] ~ % =18 units & 1% s

X (% ﬂﬂ units j}’ﬁ"‘ﬁ) R (m) N ({Fiﬁ-:ﬂ.)
FH4E | 0.5484 0.9076 -0.0003
CRBEE 100392 0.0627 0.0323

Table 4.1: B =18 units $& & F3 {42 & £

Figure 49 8 (@)~ (b)~ (c) =B » 2 A A ARBEF X —~ =~ = » FRAETAR
AR GEE (Tabled.1) BB RGER > () BAETAREOER - WE=ZHEHR
HAREFEGAAM A AARERFRGTHFER > R () BE (1) B A&
U ATAREBE S XN = LR REFEERGLER -
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%

5% HaAamk#

N

EAFEREFY > FRGEAR ~ T RAH X (spikes &K bursts) > THRANKEZF

FRGER B RBEBHEKING@EEETRALE—E > GE—EHFEEE
FAAMRRLTERRIE—F c WwlT AR BLPHILA S HARE > BHEAFE@R
BE > EACAFEARLTMERLGTERE - B TE2 THEALASH ) HBAHY
TR OB R T Ry 0 B LR F M AR BT GAZ R A 1L o
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FEINRERANGRBARE » ASURTH| PHEE :

CERBREE - RENANRETYERBOFRT RIS TR T AEERE

B3R o T FIME Al IEER[X > MARBOBREARARKEA ZF
BB ELL T o

R o ALATAE M R F XA shrink » REAGHERGBEATREBRER -

WwRBRGSH AR GHER > BIRZZAALCHEBEFTN - kA2 Z—1EH
F6 shrink &N > Falt A5 N2 RBHsk -

CAEREAEEAL o AR A AR F X AFIEMIRA K (7] (M A3) - Kok

Ttk B —F E 55 spikes # bursts (HEk A4) o

. B ER bursts o s AM E A AT — 18 F B 6 3B B AR bursts £ F B Bl — 1B 4 & ba B BT

AEE (REASHEAG) °

Mék ASE—EIMENRERAZ  AOENT LA RIANGTHERZX » 2% [HK
RAITE AN > EIE Matlab I HER R, o

ALK bursts T — RPN ORFEX > KALEKXKMAR PHEKETRAA

#] spikes * & A A& % bursts 3 MALLIK T spikes It > bursts I E ZLAE S > BAA
R(FERAAFHMBERGRE) EHARBEAE - KMEZL bursts —BELH L ETHH
o AEAE S B By ik 3 Bl fe B 9 spikes $E bursts © # E4r B bursts BRI F 0 K
LR B 8 =18 T AR R 8 32 bursts 89484 B — 8 FAE R unit $ unit X B 69 BF
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MHRBRENA I ~4EFA RE_FRMPlE > FEWEANFNRERTREN |
EV > ARAHERREN 4 ER > ERAHTIRENA > thibamB 3] £ K690 8
FRAREGLIHABEAERRE o fbursts A RZ BN AR BMIT » AMERREHE L
HEARE > E—FRiE K RI 8 spikes AR ATFE 6y o F GBS ZEHE—KY
TR T BAT— R 90% > BB RE—KRRYBH— KK 80% Kk - £ EREEZTP
RMER—ARE : £ &) 112 8 bursts FAIEF > & =18 units AT AR bursts K Z
&% R% AWM units ° K& AR units °

(a) F =184k k& R F — B IR ie (b) % =B 485 5 — M8 k&
Figure 5.1: bursts &1 M b & & 7 B

% — B B4 S Table 3.1 ~ 3.3 A& Figure 5.1 T VA& #| » units M 89 3k 48 Yo 4l
KETFHEOOMNFRESIH - BEF—MAKEBE 1> 2 092 =081 BF BHEANGY
& FfARMBEEAGHEL 0.8 » wWB FE 4Pk bursts FAILEGHEA 5 F & 0.93 8935 > B
T F BG4 REES L o AT RS HORAA > i 09 IR AR
K% EHEOIRZMNEEAY » oy H LA T AHEBRE B A =8 units R 1
bursts FAILE % o

52 AetEARK

ERBEREF > FhBFARLILRYG - EFXAREYBET  RERTKEY
F R > AL AT bursts Ik hg U R 69 45 H K o Figure 5.2 & —18 20KHz BAR 8 £ T K 1
B B IR A9 burst AR 0 H A TR A B 6 R EK LB o Figure 5.2(a) AR % 693
Ko TAREHNA — Ll BALKMTE L > 4o burst 28 F =18 spike £ H%
RAFSZE N TH] - BEFHERBHFRG @ BARAFEARIEM S LHER
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(a) RN R (b) M 20% RIE FH

02f [A\ \ B 02F
\ \ R
I\ / - |
2 AN S A N \ / \ 2
‘ \

N \ A~
2 o) AVWYYA - \ / | v AVA A M S o~
ERR Y. w\\ / \ \\ / \v ™ | »\\v// \ \Vr £
0.1 \ | \ V b 0.1
02 \/ 0.
(c) M 40% A3E F H (d) M B 60% 3R EH

Figure 5.2: 2 43R Wt $23k 12 L 8% B
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I 13 I R 6 4B R AP 8 o # Figure 5.2 (c) #2 (d) B R A& » 3% burst AKX L@ 40%
K 60% 89 K > 1K R 69 4B R 4= Figure 5.2(a) 7 (b) B F % o b7 B # #4b
BARGENARETZLAR > ARAFIAGHABEBL > EFZLEFELE
BRBRGIHERN - AR REHAGEAFOERA L S GWM > MEKFRLERK
HETUAH4HBABMAEORE T ETRAEIRAEHERGYE > LHEHR
BiRma B A G M - BARRROFRANE > A REHEEGHEREAH -

PEELGEB TRARS > B AsERIENLH [4] © Figure 5.3 L RAERH 1)
TER o ARTAEIE 112 18 bursts ARIWARARH — 698 > BT 7@ &
W ARG ERHEHERT  BEXAF LELZHHRN KRB BZFRA
WH T o MEEHAEXZA Matlab B> ETERAINETROGLER > KAMEAAR
HEBHZFARKN c BT 7RARL  AREEREAFHEFORXZF » ARkRAE
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Al B4 &

This function is going to down sampling and normalization signal.

1. Down sample to 20KHz.
2. Normalize signal.
newSignal = (oldSignal-mean (oldSignal))/std(oldSignal)

isig: Input signal
ori_freqg: Original signal frequence
out_freqg: Output signal frequence
option:
1: Down sampling only.
0: Down sampling and normalization.

o0 o o o0 o° O O o° o° o° o° o°

function [osig, result] =
down_sample (isig, ori_freq, out_freq, option);

051g = [];
s BRRBERITARBEENEER > TRALELRX T YRHRRE -
if mod(orl_freq, out_freq)N=O,
result = 1;
else
if option == 0,
s FHHREM R
step = ori_freqg/out_fregqg;
s ARWBAIFT > B L*?%ﬁﬁ%ﬂﬁﬁ%’ﬁﬁﬂﬁo
osig = isig(l:step:end)
s AIFAZEA - %ﬁﬂﬁ%ﬁ%ﬁﬁ%o BMEER 1-°
osig = (osig-mean (osig))/std(osig);
elseif option == 1,
step = ori_freq/out_freq;
osig = isig(l:step:end);
end
s RAALREEE
result = 0;
end
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A2 Fa#RHX

FAE & X,

BAREM shrink & NEK > BRAARERASH
RKEEZ I o ey aan o

Shrink BEFWH TSR Figure 4.5

o® o° o oo

o\

t: BAREHRE > A EBHL
isig: ABKEIRHARR
freq: RAGRKHEF

o° o

o\

function [osig] = shrink(t, isig, freq, bound);

time = t;

s AHREE

N = length(isig);

s # A Matlab RENHE ¥R X\MEH

sig = fft(isig,N)/freq;

REEHNBETE  BRBOREA B BEEAH
s AR FE—FHEHRPT -

spec = sig(1:N/2);

S R WA

epslon = bound;

s SHHZM 6 KA 2

o

o\°

newSpec = abs (spec);
newSpec = sort (newSpec);
delData = sum(newSpec);

delData boundxdelData;
s EAYHER
tmpBuf = 0;
s EhmBEF& a4 B2 52 MEAE
for j = 1:1:N/2,
tmpBuf = tmpBuf + newSpec(7j);
if tmpBuf > delData,
epslon = newSpec(]j);
break;

end
end

BRBEOBBEEEE > TATE re {theta}
%% Figure 4.5 shrink Bk AN FRAEF
B BRERER > AEAKTEORE > FEHEE
Fi2o AR o ZRBFER DA ME
Ak o HEZ -

for j = 1:1:N,

if abs(sig(j)) < epslon,

o® o o o

o\
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a = angle(sig(3j));
sig(j) = ( abs(sig(j))-epslon)* (exp(ix*a));
end
end
s AHREEEAEFRAYGER
clear isig;
s ABAEME L ERBHERE
0sig = real (ifft (sigxN/time)) ;

A3 REFEMERX

AHRXAERA TP XL AP AL THHT MATLAB program] £ F —

GCEEVRER S 3080 2 e

extrema HNEZZH AR BELBIEIAN EHIAEME -
in_data: #WAHAIRE
threshold: Fif&44
flag: 3B
158 A - AGRABNE - REEBXKE S RFEEDA

o° o° o° oo o°

o\

function [flag]l= extrema (in_data, threshold)
s BHEE

dsize=length (in_data);

s BERCEMEREN > AL —HER

s HREGEH

flag = ones (dsize, 5);

J1=2;

kk=1;

kk2=1;

while jj < dsize,
tag = 0;
s RAHAEKME

if ( in_data(jj-1l)<=in_data(jj) & in_data(jj)>=in_data(jj+1)

& in_data(jj) > threshold,

s BBRMEART 1

if in_data(jj) > threshold,
flag(kk,3) = 1;

s ABBRMERT 0

else
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flag(kk,3) = 0;
end
s seskAR B R
flag(kk,1) = J3;
flag(kk,2) = in_data (3j3);
flag(kk,4) = 1;
flag(kk,5) = 0;
kk = kk+1;
tag = 1;
end
s FK A& A
if ( in_data(jj-1)>=in_data(j7J)
& tag "= 1) & in_data(3jj)

s ABMEAZE 1

if in_data(jj) < —-threshold,

flag(kk,3) = 1;
s ARBBREART
else
flag(kk, 3)
end
s 3eékAa B AR
flag(kk,1) = 373;

o

0;

= 0;
= 1;

)

flag(kk,2) = in_data
)
)

(
flag(kk, 4
flag(kk, 5
kk = kk+1;
end
Jj=JJi+1;
end
s M RAE R 69 % FH
flag(kk:end, :) = [];

A.4 183 spikes $ bursts % X,

sig: BREEAR

act_freq: ﬂ%ﬁl}&’fiﬁ $

\O ® o° o° o o° o° o° o

(o)

function [burst,

(33)7

extrem value: ZAI3RA&AE6948 K AR

spike] = detect(sig,

45

& in_data(jj)<=in_data(jj+1)

< —threshold,

detect HANMAAWF E8HE bursts $# spikes
AR AR S = (L 4.2 #)
B & bursts BHF—F » AeRBAMN
BHRFERF—EHOHEELRE spikes e

extrem_value, act_freq)



s BHIZTLURMBI

no = 1;

J =1

last_index = 0;

L = length(extrem _value);

dt = 1/act_freq;
S REHBIE S AT ~ B HEFH ~ spikes EAE

burst = ones (L, 5);
amp = zeros (L,10);
spike = ones(L,52);
end_index = 1;
tag_burst = 0;
tag_spike = 0;
count_burst = 0;
count_spike = 0;

ok = 0;

str_pt = 0;
max_count = 0;
s H—EM: spikes WHHMBEND lns 4ms X H
while j < L,
extrem value BA: A% KI A&£B8EPE Kk &I
% min A& threshold B » ARE—EREMBEL
if extrem _value(j,5) == 1,

tag_burst = 0;

tag_spike = 0;

ok = 0;

str_pt = extrem_value(j,1);

str_amp = 0;

if 3+20 > L,

break;
end
for k = (j+1):1:(j+20),
if extrem_value(k,4) == 1,
if extrem_value(k,1)-str_pt < 32,
str_amp = extrem_value (k,2)-extrem_value (], 2);
ok = 1;
break;

o° o

end
end
end
if ok == 1,
tmp = j+20;
if tmp > L,

break;
else
Jjplus = 0;
$ 4ms = 80 points, burst E2FE4E
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% 4ms RMAH=M8 spike B4
for k = (j+1):1: (tmp-1),
if extrem_value (k,5)
& extrem_value (k+1,4

=1

1,
) —str_pt < 80
) —str_pt > 20,

):
if extrem_value (k,
& extrem_value (k,
tag_burst = 1;

o

end
end
if tag_burst == 1,
break;
end
end
s % 4dms AMAARET—18 spike® BIHKRAE spike
if tag_burst == 0,
tag_spike = 1;

end
% burst
if tag_burst == 1,

tmp = J+20;

count = 0;

stop_sig = 0;

pre = extrem_value(j,1);

for k = j:1:tmp,

if extrem_value(k,5) == 1,
if k == 3,
for kk = (k+1) :1:tmp,

if extrem value (kk,4)==
& extrem_value (kk, 1) —extrem_value (k, 1) <40,
count = 1;
amp (count_burst+1l, count) =
extrem_value (kk, 2) —extrem_value (k, 2);
jplus = kk;
break;
end
end
elseif stop_sig==1,
break;
elseif extrem value (k,1)-pre<80
& extrem_value (k, 1) -pre>20,
for kk = (k+1):1:tmp,
if extrem value (kk,4)==
& extrem_value (kk,1l)-extrem_value (k, 1) <40,
count = count+l;
amp (count_burst+1l, count) =
extrem_value (kk, 2) —extrem_value (k, 2);
if amp (count_burst+1, count)
<= str_amp,
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jplus
else
count count-1;
stop_sig = 1;
end
break;
end
end
pre = extrem value(k,1);
else
break;
end
else
continue;
end

kk;

end
if count > 1,
sig_str = extrem_value(j,1)-9;
sig_end = extrem_value (kk,1)+22;
% burst BAFMEREEZLE
if sig_end-sig_str>20%* (count-1)
& sig_end-sig_str<80xcount,

count_burst = count_burst+l;
burst (count_burst,1l) = count_burst;
burst (count_burst,2) = sig_str;
burst (count_burst,3) = sig_end;
burst (count_burst,5) = count;$%
if max_count < count,
max_count = count;
end
J = J+L;
else
amp (count_burst+1,:) = [];
J = J+1;
end
else
J o= J+L;
end
s R spike
elseif tag_spike == 1,
count_spike = count_spike+l;
sig_str = extrem_value(j,1)-19;
sig_end = extrem_value(j,1)+32;
spike (count_spike, :) = sig(sig_str:sig_end);
Jj = Jt2;

WwREBEATEAEL burst & FA spike HHER
REBZXA PR -

else

o)
<
o)

<

48



fprintf (' Detecting is wrong.\n’);
return;
end
end
else
Jj o= J+L;
end
else
Jj = J+1;
end
end
s M FkARAE R 2] 69 F B
burst ( (count_burst+l:end), :) =
spike (count_spike+l:end,:) = [];
amp ( (count_burst+l:end),:) = [
amp (:,max_count+l:end) = [];

s Btk RIBRHR

burst2 = zeros (length(burst)); $ %4¥ A% £ HEAHK
burst3 = [];

amp3 = [];

fprintf (' sensorl:%03d\n’, length (burst) ) ;
:1l:count_burst,

3,5) < 3,

2(3) = 1;

for 3 =1
if burst (
burst
else
for jj = 1l:1:max_count-1,
if amp(3j,3J3J) =0,
, BAAABATE > ZZTE 0.9+-0.06
if jjij+t2<=max_count & amp(j, jj+1) =0 & amp(j, jj+2) =0,
if amp (3, jj+1) /amp(J, J3)<0.78
| amp(jrjj"’l)/amp(jrjj)>1-02,
burst2 (j) = 1;
break;

\O

end
s MAFE > RLE 0.9+-0.12
elseif jj+2<=max_count & amp(j, jj+1l) =0 & amp(j, Jj+2)==0,
if amp(j, 3j+1) /amp(J, JJ)<0.78
| amp (3, 3j+1)/amp (3, 33)>1.02,

burst2 (j) = 1;
break;
end
s @A REAATRARK —E spike
else

s BifH Rk —ERIRLE—ERE 0.8 £4

if amp(j,j3)/amp(j,1)<0.74 | amp (7, 3J)/amp(j,1)>0.86,
burst2(j) = 1;
break;
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end

end
else
break;
end
end
end
if burst2(3j) == 0,
burst3 = [burst3; burst(j,:)];
amp3 = [amp3; amp(j,:)];
end
end
a = size (burst3l);

burst = burst3;

A5 &% bursts A HRERZ X

o\

err_calc RAFPE F 45469 F B
W OFEF AR F AR
AR HATPEHE > RETE bursts AR

o° o

o\

b_: HEF—URERP M6 E
sig: AR
thres: M4&44

o° o oe

o\

function [wave_form,unitCount] = err_calc(b_, sig, thres);

HHERE?
j=1;

jj = 1;

L = size(b_);

L =1L(1);

wave_form zeros (L, 26) ;
unitCount = zeros(L,1);

o\

while j <= L,
tmp_no = b_(3j,5);
tmp_str = b_(3,2);
tmp_end = b_(3,3);
s MAR—E—EBE > HEYHEH > FIEEA
tmp = sig(tmp_str:tmp_end+10);
s RREAEFEE
if length (tmp) < 500,
s MFEAEA seperate_burst R Ao B I E
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seperate_burst RAEM{EFZEAIFLGAHERE -
REBEF ~ spikes kM ~ spikes EEK

— o o°

MHERELRTAA 505 WEERZ 503 24 F
LA bursts MAXHFTHELER -

o° o

if sum(err)/ (tmp_no-1)>0 & sum(err)/ (tmp_no-1)<0.5,

wave_form(jj, :) = form;
unitCount (jj) = count;
jj = Ji+1;

FRHFEERA 5030 BlEBRFARE

H B9 ZAIR o

else

fprintf ([’burst_no. ’,num2str (7j)

,’ deleted because of error '

,num2str (sum(err)/ (tmp_no-1)),’ .\n"1]);

%
%

end
end

Jj = J+1;
end
s MR ARAL 6 % R
wave_form(jj:end, :) = [];
$ wave form # prototype MIEHALARHHE
wave_emp = max (wave_form(l, :))-min(wave_form(1l,:));
figure, hold on,
wave_form2 = zeros (L, 24);
matSize = size(wave_form);
s WBRTAE
fprintf (' total bursts: %03d\n’,a(l));
for j=1l:1:matSize (1),

if (wave_form(j,2)-wave_form(j,1)) == 1;
else
tmpBuf = min (wave_form (3, :));
k =1;
for k = 1:1:26,
if wave_form(j, k) == tmpBuf,

tmpBuf2 = wave_form(j,k-3:k+20);
tmpBuf2 = tmpBuf2- (tmpBuf-min (wave_form (1,
plot (tmpBuf2) ;
wave_form2 (j, :) = tmpBuf2;
break;
end
end
end
end
hold off;
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)



A.6 1% bursts B spikes Bl 1%48 #3% 2 AR K E KT R X

seperate_burst FHAMBEWE bursts AR
Ef A AR R - RAEH .. FAMEAR-

sig: burst FAIE

no: burst %K
thres: FI4&44
tol_no: spikes A&

o0 o o0 o° o° o oo o°

function [err,prototype,b_emp,b_no]

= seperate_burst (sig, no, thres, tol_no);
s SHIT LML

wave_form_length = 26;
s = length(sig)-1;
b_no = 0;

b_emp = [];

b_s = [1];

tmp_str = 0;

tmp_end = 0;

tmp = zeros(1l,26);

x = 1;

err3 = —-1xones(1,3);
b_base = [];
prototype = [];
last_local _min = 0;

for J = 2:1:s,
if sig(j)<=sig(j-1) & sig(j)<=sig(j+1l) & sig(j)<-thres,
J_tmp = j+26;
if j_tmp > length(sigqg),
Jj_tmp = length(sig);

end
if max(sig(j:j_tmp))>thres,
x = 1;
if b_no == 0,
last_local_min = j;
else
if (j-last_local_min) < 20,
J = J+L;
continue;
else
last_local_min = 7j;
end
end

b_no = b_no+l;
tmp_str = j-4;
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tmp_end = tmp_str+25;
if tmp_end > length(sig),
tmp_end=length(siqg);
end
xdd = max(sig(tmp_str:tmp_end));
s WwRAMBMEFGEHEEL > nax KA threshold:
s HTRAE—MBMEFH noise
if xdd > thres,
tmp (x) = sig(tmp_str);
x = x+1;
s WEAHKE » 4 spikes RE&H—
if tmp_end > s,
tmp_end = s;
tmp_s = tmp_end-tmp_str;

b_s(:, ((2+tmp_s) :end)) = [];
end
s B spike KARFHE amplitude
for k = (tmp_str+l):1: (tmp_end-1),

if sig(k)>=sig(k-1) & sig(k)>=sig(k+1)
& sig(k)>thres,

b_emp = [b_emp; (sig(k)-sig(3j))];
end

tmp (x) = sig(k);

X = x+1;
end
tmp (x) = sig(tmp_end);
aaa = (max(sig(tmp_str:tmp_end))

-min (sig (tmp_str:tmp_end)));
aaa = b_emp (1) /aaa;

S AEEH B RALERIHELE o
if b_no > 1,
err3(l) = sqgrt(sum( (b_lbase—-aaax*
sig(tmp_str-1l:tmp_end-1)’)."2))
x*100/sgrt (sum(b_base."2));
err3(2) = sqrt(sum( (b_lbase—-aaax*
sig(tmp_str:tmp_end)’)."2))
x*100/sqgrt (sum(b_base."2));
err3(3) = sqrt(sum((b_base-aaax*
sig(tmp_str+l:tmp_end+1)’)."2))
*100/sqgrt (sum(b_base. 2));
xd = min(err3);
% err3
for x = 1:1:3,
if err3(x) == xd,
tmp = sig(tmp_str+x-2:tmp_end+x-2)"';
break;
end
end
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elseif b_no == 1,
b_base = tmp;

1z

1) = b_no,

s = [b_s; tmp]l;
= tmp_end+1;

Jj o= J+L;
b_no = b_no-1;
end
J = tmp_end;
s wR max Ko REAZMILE KRS noiser BIRAMK

end
end
end
if b_no == tol_no,
break;
end
end
matSize = size(b_s);
n = matSize(l);
if n == tol_no,

t = (l:1:matSize(2));

b_base = b_s(1,:);

base_emp = b_emp (1) ;

= [1;

s REMAF 1L 2-norm MEBREFAFHEAHERE
s #E o

# G bursts B9F—18 spike EMMBEZE bursts HREREW
if n == 3,
b_s(2,:) (base_emp/b_emp (2)) *b_s (2, :);
b _s((2,:) = b_s((2,:)=-(b_s(2,5)-b_base(5));
b_s(3,:) = (base_emp/b_. emp( )) *b_s (3, :);
b _s((3,:) = b_s(3,:)=-(b_s(3,5)-b_base(5));
err = [err sum(abs((b_base b_s(l,:))))/sum(abs (b_base))];
err = [err sum(abs ((b_base-b_s(2,:))))/sum(abs (b_base))];
err = [err sum(abs ((b_base-b_s(3,:))))/sum(abs (b_base))];
prototype = b_base;
elseif n == 2,
b_s(2,:) = (base_emp/b_emp(2))*b_s(2,:);
b _s((2,:) = b_s((2,:)=-(b_s(2,5)-b_base(5));
err = [err sum(abs((b_base-b_s(1,:))))/sum(abs (b_base)) ]
err = [err sum(abs((b_base-b_s(2,:))))/sum(abs (b_base)) ]
prototype = b_base;
elseif n == 4,
b_s(2,:) = (base_emp/b_emp(2))*b_s(2,:);
b_s(2,:) = b_s(2,:)-(b_s(2,5)-b_base (5));
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b_s(3,:)
b_s(3,:) =
b_s(4,:) =
b_s(4,:) =
err = J[er
err = J[er
err = [err
err = [err
prototype
elseif n == 5,
b_s(2,:)
_s(2,:) =
(3,:) =
_s(3,:) =
_s(4,:) =
(4,:) =
(5,:) =
(5,:) =
err = [err
err = [err
err = [err
err = J[err
err = J[err
prototype
elseif n == o,
b_s((2,:) =
_s(2,:) =
(3,:) =
(3,:) =
_s(4,:) =
_s(4,:) =
(5,:) =
(5,:) =
(6,:) =
(6,:) =
err = [err
err = [err
err = [err
err = [err
err = J[err
err = J[err
prototype
end
else
prototype = (1:
err = 0;
b_emp = 0;
b_no = 0;

(base_emp/b_emp (3
b_s(3,:)—(b_s(3
(base_emp/b_. emp(

b_s(4 :)—(b_s (4
sum(abs((b_base b_
sum (abs ( (b_base-b__
sum (abs ( (b_base-b__
sum (abs ( (b_base-b__
= b_base;

(base_emp/b_emp (2
b_s(2,:)-(b_s (2
(base_emp/b_. emp(
b_s(3,:)-(b_s (3
(base_emp/b_. emp(
b_s((4,:)-(b_s (4
(base_emp/b_ emp(

b_s(5,:)-(b_s (5
sum(abs((b_base b_
sum (abs ( (b_base-b__
sum (abs ( (b_base-b__
sum (abs ( (b_base-b__
sum (abs ( (b_base-b__
= b_base;

(base_emp/b_emp (2
b_s((2,:)-(b_s(2
(base_emp/b_ emp(
b_s(3,:)-(b_s(3
(base_emp/b_ emp(
b_s((4,:)-(b_s((4
(base_emp/b_ emp(
b_s(5,:)-(b_s (5
(base_emp/b_ emp(

b_s(6,:)-(b_s (6
sum(abs((b_base b_
sum (abs ( (b_base-b__
sum (abs ( (b_base-b__
sum (abs ( (b_base-b_
sum (abs ( (b_base-b_
sum (abs ( (b_base-b_
= b_base;
1:26);
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5)-b base(5));
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end

A7 PCA %# A & K-means 2~

% pcaAndKmeans BRAAMEHEHIERMK pca 247 > pCA
s PMBHERBM K-means 2% ° K-means 2B T48
S TR FHOEBA ARG B ALLD o

$ spikeLong: AIWEKE

s v: AHER

$ pcl = F—ERMG

$ pc2 = HF=ERMG

% groups = A #EEK

$ ini = % k-means WAL E:

$ Y = ZRMH
$ lemda = 4584
function [Y,lemda,a,b,c,d,s,s2,s3,s4,1d] = pcaAndKmeans (spikelong,V,pcl, pc

s B \%‘%Aé‘#ﬂr%ﬁl‘ﬁl 18 4 #
s BHREFH— -~ FL RN
s AR BREE
if nargin ==

pcl =1 ;

pc2 = 2 ;

groups = 5;

[n,m] = size (V)
5 %’.E%—/?%%EI‘!F P
V2 = V;
EH4ERY » BiTAREE YA
for J =1 :m
Vv

(:,3) = V(:,3) —mean( V(:,3J) ) ;
end
s R AEREER
for i =1 :m
for 3 =1 :m
A(i,3) = ( V(:,1)" = V(:,3) ) / n;
if i "= 7
A(j,1) = A(i,3) ;
end
end
end

s FIARNERX eig HFHEEHEN A HAR

% P:eigenvector, D:eigenvalue
[P,D] = eig(A) ;
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s BB R KRR
lemda = flipud( diag (D) ) ;
s KRB RGRBEOE

Y = Vxfliplr (P);
kmeansData = Y (:,1:2);
if nargin == 6
[a b ¢ d] = kmeans (kmeansData,groups,’Start’,ini);
else
[a b ¢ d] = kmeans (kmeansData, groups) ;
end

BHE—IRWARF = M3k E
H—BHUTF A CHERE » AFEF| -
figure, plot( Y(:,pcl) , Y(:,pc2) , "." ) ;
figure, hold on,
for j=1l:1:groups,
if j==1,

plot (kmeansData (a==7j, 1), kmeansData (a==3,2),'r.
elseif j==2,

plot (kmeansData (a==7j, 1), kmeansData (a==3,2),'g.
elseif j==3,

plot (kmeansData (a==7j, 1), kmeansData (a==3,2),'b.
elseif j==4,

plot (kmeansData (a==7j, 1), kmeansData (a==73,2),'c.
elseif j==5,

plot (kmeansData (a==7j, 1), kmeansData (a==73j,2), 'm.
elseif j==6,

plot (kmeansData (a==7j, 1), kmeansData (a==73,2),"y.
else

%
%

plot (kmeansData (a==7j, 1), kmeansData (a==73j,2), k.
end
hold on,
end
hold off;
BPOBBEZHONRLS
o B R AR B B X
B 6y R WY

o° o o°

s = zeros (groups, spikelong);
tmp = 1000xones (groups,1);
id = zeros(groups,1);

dTmp = d;

for 7 = 1:1:groups,
tmp 1000+ones (groups, 1) ;
for k = 1:1:1ength(V),
if dTmp (k, J) <tmp (J),
tmp (J) = dTmp(k, J);
id(3j) = k;
end
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end

end

for 7 = 1:1:groups,
s(3,:) = V2(id(J),:);

end

A8 FIRX-RAAL

SR B — 18 i B 6 R4 AR AR LA > A A A @ 18 8 AT IR AL 69 R X R
R o

s #i4ILIR3E

clear all;
close all;
S FAFTHAE - BEBXEIXFH  REL v ¥l —fT—E&F
s AR BB » RFAMLE [2010_0116_mice RTSel_all.txtl] B F

ori = load(’2010_0116_mice_RTSel_all.txt’);
R4 EHME 40KHz ° B E 20KHz
ori result] = down_sample (ori,40000,20000,1);
48 F AL B M Fa 69 B B K
t = 1/20000;
s BEERFLORE=—FHBMEE < FHHRE
= length (ori) *dt;
s HRERKERBE > AMEEF) EHd R
if mod(length(ori),2) "= 0O,
ori(end) = []; % MBEREKE—FFTH
1 = length(ori) xdt;
end

— o°

o\

Q.

—

S RILEIK LN o BAEFIBR 0.2 AFFFK 208 #RK
shrink_threshold = 0.2;

ori = shrink(l,ori, 20000, shrink_threshold);

S AEBBETEGIIEELE 0.7 ATFEREALE 0.7 mv FIRIAR
thres_slp_ori = 0.7;

s ARARBPIEAL > BA BRI AE K K AR A6 B R 2

[EV_slp_ori] = extrema (ori, thres_slp_ori);

I_slp_ori = length(EV_slp_ori);

s HMRBHEEE » XRE M E—MEHARES spikes # bursts
s A RmAERIE S H F A

[b_slp_ori, s_slp_ori] = detect (ori,EV_slp_ori, 20000);
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FHEAS TeEMAMfE) AR TRHEFTH] 9% pursts AR E

LZREFKFA > BlEE pursts REEM 5 XEV_slp_ori, /4 BlEK%
wave_form, unitCount] = err_calc(b_slp_ori, ori, thres_slp_ori);
% pca BB o FMEM kmeans 4B o

pcaAndKmeans (s_slp_ori,1,2);

o\

o° — oP
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