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A Proposal of FM-like Neuron Model and Its Application

Fukashi KoJvo ,

Abstract :

Hiroshi WAKUYA

and Katsunori SHIDA

In general, a biological neuron generates electric pulse series when it excites, while it

generates nothing otherwise. This fact clearly says that the pulse density is an essential element in

neural information processing. A standard neuron model, which has been used in numerous studies,

mainly assigns the pulse density to the amplitude of a continuous wave. On the contrary, a neuron

model, which assigns the pulse density to the frequency of the wave, is proposed in this paper. From

the biological point of view, the proposed neuron model is more plausible than the conventional one.

In order to investigate its effectiveness, an autoassociative memory consisted of the proposed neuron

model is examined. As a result of computer simulations, it is found that the autoassociative memory

acts such like the plain autoassociative memory with the standard neuron model.
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A structure of the FM-like neuron model.

GBI 7 4 L Z T T UGRNEIE A D TR T D &
CEIEARAEETH D, LovL, WD EHE 2 fE T
NHEBBEATHIUL, HiEimiE® 7 ¢ /14 (Band-Pass
Filter : BPF) TREFAIEETH D, HARBYIZ 1 THE T
BORRD 2-oOKIEB T 4 V2 EZHEL, O
MR RO D Z L THEITX S, KUTBWTLPFL
DSRFERL 71, HEWTE A f ORBOEE R 7 4 L 2 Th
%o [AERIZ LT LPF2 RRFELL 1o, MEWTEHE L fo DK
WoRR M 7 4 N2 THD, 212L, m>m, i< fol
T%, ZDL %, LPF1 & LPF20OH 1% Liguss Loout
EB< &, Loout — Liout (=Bous) DERGY A3k I
BZ7 4% BPF L7 %, ZO&RMETT, KERES L
BEEE ORGSR EZNEN fI, fatBX, Thb
fr < fi < fu < foLEDIIZLPF1, BPFIZ L~
TR AR 5 & mJEE 5B T & 5,

X 21X e T 2B L ST & & O LPF O A%
Bk CdH 5, #iPHIZ 10~10000Hz THDH, ASI LT
FIEONT I B IRIE LS 1.0 OB —JFE$ 0 Ei%iE {5 5T,
0.lms Mg CH > 7V 7 LIZGADOHRT —4% Th
Do ZOEE, T=10 L ITHERD lms OEEITHY
T5, () &V, 7 OEIC X - THEMTE A2 L L
TWAEFAHRTE S, FEROM)ICLD L, TOff
IR TRBIERE S RESEBLL TS, Zhid, 1
WIENFEIE CLPF 2 L T\ o 7Bz bnbd,
RIZ 7 =10CHEEL, nn DEEZELISEZLED
BPF OJE 2 RDI- L 00K 3TH 5, K (a) &
0, 71 OEIZ Ko TIREGERE RS f1 2L, H#
BOEER T L L ESEORENRZIT bNS, -
M (b)lzk B &, BIERFREAAA & 720 ZHA RERH
W o TN D, ZHUEBPF O By %, FEEE
DR WLPF2 7 b REEN DO K E 22 LPF1 D2 )



RISV TE R 21T ) =2 — 0 VBT L ORE L ZDIGH

--e--t =10
. . . —0— =20
L —4— =100
1k
<
=
B
g 0.5+
0
frequency[Hz]
(a) frequency vs amplitude
300 T T T T
= 200+ -
z
£
§ 100 -
3
ok ]
| | | |
10 100 1000 10000
frequency[Hz]
(b) frequency vs delay time
Fig.2 Frequency characteristic of LPF in Fig.1.

Loout — Liout TROTVD LE 2B L, K2(b) & Okt
JERIRAEE L T 5 & 5 IcBbh g, M2(b)Ic bR
T EIITHEHOKE b 013 CIRERICB T DR
DREL Y, #EREE L TRBENDERELZ T
QW ThbD, =a—u T L ORISR %%
2D E, HROZ LN LRBERFIT/ NS WEREN,
AWFFETIX, REREE % fi, = 10[Hz], @ERES%
fu = 1000[Hz] &HIV 4Tizizsd, 71 =3000 & X
D7 4 NVEREEEFTE WD EEXT, Z0
& X OIERTE KL fi = 50[Hz], fo = 1500[Hz] F2E
ERELDZENTE D, 28 7 =100, 500 DHH
b o1 =300 ERIEETH D, LR T 1 = 300
ELTCHEEED D,

Za—n T TIAO%ENL, BIEBEIC X DN
ERAE 5 OBREHTH 5, KAUZEERZORIRE
T, UL, AL LTEHZ D EREESOREZ
Aiy, HATE LTHER LN D ERLIEE B OIRIEE Ay &

—o— 1 1=20
, , — —A— 7 1=100
L —&— 7 1=300
—¥— 1 1=500
I —— £ 1=2000
F —+— 1 1=10000
3
2
=
£05 | .
0 I I I
10 100 1000 10000
frequency[Hz]
(a) frequency vs amplitude
T T T T
0+ _
5
% -100 —— 1220 -
g —A— £ 1=100
i —=— £ 1=300
%
- - T 1= -
= -200 —t— ¢ 1=10000
_3 00 | | | |
10 100 1000 10000
frequency[Hz]

(b)frequency vs delay time

Fig.3 Frequency characteristic of BPF in Fig.1.
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Fig.4 A nonlinear transfer function for signal sepa-

ration.
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Fig.5 An associative memory model.
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Table 1  Overview of each neuron’s response.
input | output
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H H 11, #2, #5, 16, 47, #10 Fig.6
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