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3. Modified Mountain Method (MMM)



20079 FIHHA}E3 71 FELEETF Vol 34, No. 2(0)

H1 modified Mountain function
) potential
tential e
potential rang form
Mountain function all region exponential
discrete Parzen window pixel Dirac delta
MME SE 22AHE DS =20

FCM(fuzzy C-means)lt 22 EHAEOZ AIRLE=E o
DoiSe EXFQ 2N2SOZM AIBLOECH &K
8 MMM(Modified Mountain Method)= ATH0I3 =28
o 22 S HOoIHY =280 =Es 2D2IS0IC0H
s 20l MMM2Z2 £F5IT2 HIOHEHT},
(1)discrete Parzen window

CIOIE 258 H&EXHoZ RSy 28 2 U= Ay
StEl 20l Parzen windowOICH 018 22X K0A
HOE 8t =M discrete Parzen windowJt ECH MM
HAE 2 Hs0 s HHZS X3 842 HASHA
=0 MMMOIAE BES HEES ZH Z= ¢S
Parzen window &+& H8I5I=E T} MMOIA S T

BE HA2 HOIE 2T HE8XoZ RCy) oZ
H1 A XU I IS HOUNCSE 50 st
LEA SUEEZ MMMOIAE HA A28 2L =Y
= UTE HEE HAE Parzen window 8842 43
S/ 8Lt

AX A Parzen windows s-XR0A 3 TAE 0

S0 O Z4o & 24219 2018 A Ol2t &6t 21|

£ V,=h) 0t €L} BILIY A Z8EE= =O Ha
h, 8 I8 22 window B4EB HOBO2M LIE
g4 = AT
o) u <l
#(ii) = 1=
0  otherwise
DY 8 HA YR Ho % kE, 2t A% £/ dol
H LT &4= OSH 200 AL
.o X-3
k,(X)= #( =),
i=l cell h'l
- LI | -
p,(X)==) —k,(X).
i=1 V

Mountain &4=0AM X8t AWM ZLE 848 MWA

348

A8 1 2X¥ HE AZ SY98 H9 229 %J| 4ol

B 2% (N=32000)

39 2 Discrete Parzen Window8® ¥§ S82¢ 2
T EY

g A o FHe MLE AHaEgD h, 2 20l HE
of et 2= MNARKXNID HOIKE HEN St
Ct, EEHCZ, =JE REE HolstH OsSH 2L

ToOo=

HYlE 48 2 A0 Oish KHatsig 278 20l
h, 2l T 22 SAAMNZ2ZMH HMS0 HE A

Ch HEE SHEHE N4+ &820M LE 82 HIBD
20 2=56 T4 LY H 40t 246t S0
MetAd Mountain &4J1 2t 38 MiUXIRCE 2D A
U 0N HEES HMBIARCHH discrete Parzen
windowe Atalal BE° SI0 s &8 2T &4
E HMSIRCD & £ UCH 01248 £=F0| A& diol
H 28E f8l &4 Olges CGiST 20

AF NESES &85 NAE SHs=E 4HUAMN 2 22
2H= NZE SEO0ILH 2o A2 8 HIZOA AT
0130t M2l A2 Ch8 AT H® A& DIXIX
R &L, discrete Parzen windows 2 EH 842 M1 QY
QBZ 2t A2 M2 AEZTI S 2018110 UL

ot Xl et g D5 20A p AL UM HeE22

2 AE O clustering Ol Ct.

(2242 LS

C8 B2 Mountain method® Ji2XQl M2t S
StCH & 22X T8 0N 22 IUNEY N 2 2
dAE = 2diA(class)e L2t JHFOICL D2(2

=
-



20073% FARALS 1S FEAREE=FER Vol 34, No. 2(0)

NS

24 AUWEE A0IY BRI 220 ZHAHE A
o FAJL EO. 0 V=L MAoRSEH WS wel
SAAH BUD W48 RS & AN O XS X
MR +BO=2 o8t =IbEel 30| HTEH ©C X
 $+E AZNN B SY2E HiPAE SHOIM

[ |

discrete Parzen window2 &5 USSR YA
2l(one-by-one) EAH 3JiE= 102 gz =2

SAE HOIZ HHE 4 UCH MMOIME 2AH =4
B oLt &) HE&S8 3810 TOE 2YAHY =

A48 e LAYEM, MMMUAE HELS 238
LRI gLl SAM BHAEHES SAE FH=C}

(3)Tagging and Spreading 7

MMMS] D& 2 SE0ICH O 200 2%
St W20, 01 S CIOIEN TSNS $BECH
d2(10 JIEY BF YHIE M U2 2ZAEQ 9ty
OITH JIES HYHESO0l & AOIS H2i0l 2HE HMAHR
Ol HUSH UHOI2HH 0 =2R0M= & 2o 9
Of 2H8 2AME =oi2t & UCH J2i0 Bsg =
F|OII M0l 322 HY 2¥sO2M OOIH =28
UNSHOZ 830 [t B2 PICA S QAR
ol 2& (simply-connected topographic division)0!
1 5HUe 2EE S22 USts 2HAHY 22
NI SUED B JAS »= A 29 2
Ct.

=

3 EX2

bru
Py
- Torvr ©

o

SeE 2}

2 B

=

M=
BYHO = HHA0/D 1

H 2 ma =022 XJIHsC 29 W

(=g~
=

Ny = max(an. ).

N, = L& NE90) HUSS L0 SNV Ha
B ALY N, 2 2*3=642 QFs LSO
UACL I T LLS 1T 2 MB YTAS M=
LMo pA8 RACL 0 A4S S6 2 LASS

2 UHU OB 8 2 S0 DSH JNS oM
U2 8 LS 842 BRI RR0M A2 O=

349

a3 3
Po:64)

ag 4

Abnormal case: unclassified distribution
(Az:39,P0:92)

GRHO) OIS =12 O FAMK It F¥EN O

0182 2F0| gl O 9 ZEE BUN = o o
FFEE=E s 2N &8 LT 842 4 B o

Sl |EtE 30|12 Td ¢Z SAReD2 A
SU 22 SZELEE DA0IC J2HM =28 =
g MBOHA IHE REyD HKNO=2 DIE
2RI AL SN HP X2 HAg AZSSIH 28

e
A
g2E

Lr 8+IF 2 SEUATA SHAH It

no rr mi

UCH DA HEs 3019 ZAE AISBH0F Bl
Z2 28 3¢ G0l U= BS2 SUS SeiAlH ¢

ECh 0l 2 NEE EEX2Z £851)| M= ¢
OlElSl B REI SQMALCH HE O HS0= &
2 XHEI FHXL 0120 AL HZ2 LI HSEC}
0l B1E 2 discrete Parzen windowOil A $8ig D 2t =

= =

I F= L4 &8 YTUS NES =20, 222
Ol 8 Y0 2HGI0 SHAH HE nE HEZH



20073 % QB 7S U F=EF Vol 34, No. 2(0)

EHE SO EHO. S 29 nol 2HGIH /N
HEE EFROA 0 0 FHASY BFUHAH S IHX
HEO0| HRBICH X BN HE2 2 Y oL = A
e eeAQlD £ B €2 1 A 59 oA
Z0ILH OIXE MHAYH FEE 2 Us LY HOl
HE LIS 22 g ?X2 HelsiSs Aot

coordinates of Nth point index of pixe! Ny

4. 2t U EE

H2 normal case result

icluster 1cluster 2cluster3cluster4clusters
400 400 400 400 400
410 405 401 388 401

exact
result

H3 abnormal case result

cluster 1 cluster 2 cluster 3
manual sorting 1015 550 288
MMM 1018 546 289
XNSMX  AL0I3 &8F 2N2Se2ENM 2FE
Mountain methodOil CHSH & YBIRUCH. AL =R

2u2ISH HE8H= MMME IR &I&8H 235 s
Sds 20 J2/0 HIDE s 28 208 20
FH EALH RE0M 8 BSTIH =0 HAH B4
EXE 0/R= 2HAHN W8 Zs I 3~610 2
Ch.(N=2000, 1=20, T=8sec) J& 32 #F 458 AlH
StJ1 Riai =FE CtE S AHOICH BAAH 4= 5N
0l 2t 400000t SIS 2= QST 2t B A

S 4 2ZE 012 O, 08 42 25" 2d

AHE MZZ FEHNHES A0ICH FHa 22 F20

E 220 s Z2UE ZHEL. 4+X HRE B 2
o 2Ch StAIRH B2 B0 &F HolHY 22AHY
e 2] HFEY FXE 50 AN HX LT I

52t 62 F(rat)e %l AlTl&{neocortex)liA 22 [

OIHE 2FJ& 20ICH O8 72 2§ AIZHT) OIolH
#=(N) J2l2 18 & A () 2HE LIEHHCH

CIoIE 2l XY £t =X &8 O i W Hors
RASHs 2EL discrete Parzen window® 8 POF
E &g DHOICH otlisl HOl Of® A =56HH &
=X Z36h= 20 HAY =Q I H0182 Fo|
B2l =0 s . 220 14/ & T 2=
SURSZ AU HY &S NNXX REC. J1=

HOZ 300IM 1clS8 7
MRS BlastCh

2% 5 Normal case: classfied distribution (Az:-

26,Po:64)

a8 6 Abnormal case: classified distribution

(Az:39,P0:92)

compubation tme rekstion INATLABS 3}

350



20074 FFAHRAEE S G AR E=FER Vol 34, No. 2(0)

T =cN+kI’

{c=0.0007sec/H, k=0.0008sec/JH, MATLABS5.3)
XN2NK 0 =20AM= AINOIZS 220 st A
E22 SUAHY ¢SS =25IYLCt J2ECZ &
2 ZEES Sl COIH 2RE SIYD 2ALEQ g0l
gh= B8 XSG D2iU DI A5t AlB GIO0IE
9 Uist 2YABS 2N U =2 H2cE 29
Ch 02/0 U8l 2 MY UNE SA Z2Ct
A0IOIE D|E5ts ABS AAMAULZ 0IZNALC 2
TRIOI0A MY YEHRE S8 2R= 2 M0 L}
DL LN2IS0| MK YO AMA2 2R
2822 0188 + Ul Y =282 3 =22
2 A2 2R LN2SO2 AEE 4 UL

oF
=2
=13

S

)
£

Bl

ZAS] 2

0 =22 USUAXNALXE MU R BK21 s
2 22Ut MHUIAE 28 JIAN DY 2ATEQN ALY
o Nas 2ot HREUS

& 28

[1] Michael SL "A review of methods for spike sortig :
the detection and classification of neural action
potentials" Network. Comput. Neural Syst. 9(1998) 53-
78

[2] Charles MG, Pedro EM, Mathew W, Bruce M
“Tetrodes markedly improve the reliability and yield of
multiple  single—unit  isolation  from  multi-unit
recordings in cat striate cortex" J MNeurosci. Meth.
63(1995) 43-54

[3] Michaie SF, Partha PM, David K "Automatic sorting
of multiple unit neuronal signals in the presence of
anisotropic and non—Gaussian variability" J. Neurosci.
Meth. 69(1996) 175-188

[4] Patricio G, Carmen PS, Javier R, Manuel R
"Unsupervised classification of neural spikes with a
hybrid multilayer artificial neural network" J. Neurosci,
Meth. 82(1998) 59-73

[6] R.K. Snider, A.B. Bonds 'Classification of non-
stationary neural signals" J. Neurosci. Meth. 84(1998)
155-166

[6] Sergei PR, Brian DW, Alfred AE, Kenneth DM
"Cross—channel correlations in tetrode recordings:
implications for spike~sorting" Neuwrocomputing 26-
27(1999) 1033-1038

{71 M. Wehr, J.S. Pezaris, M. Sahani "Simultaneous
paired intracellular and tetrode recordings for
evaluating the performance of spike sorting
algorithms" Neurocomputing 26-27(1999) 1061-1068

351

[8] DOmitry R, Hanan D, Naftali T "Multi-electrode spike
sorting by clustering transfer functions" NIPS 98

[9] Xiaowei Y, Shihab AS "A totally automated system
for the detection and classification of neural spikes"
IEEE Trans. Biomed. Engine. 35. 10(1988) 806-816
[10] Rajesh ND, Raghu K "Robust clustering methods:
A unified view" IEEE Trans. Fuzzy syst. 5. 2(1997)
270-293

[11] Ronald RY, Dimitar PF "Approximate clustering
via the Mountain method" |IEEE Trans. Syst. Man and
Cyber. 24. 8.(1994) 1279-1284)

[12] Eyal H, Ronen S, Yoash S, Morris B, Eshel BJ
"Detection and Sorting of neural spikes using Wavelet
packets" Physical rev. lett. 85. 21(2000) 4637-4640
[13] M. Barinaga "Listening in on the brain" Science
280(1998) 376-378 '



