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Fig. 1. History of neuron model.
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Table 1. Major contribution of each generation.

FF [ B B FEE R
1902 Bernstein [9) $2 2735
1907 Lapicque 4% i (5]
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Table 2. 17 Canonical neuron models.
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Fig. 2. Repetitive spiking of 17 neuron models.
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Fig. 4. Equivalent circuit of Fitzhugh-Nagumo model.
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R GRS RGN EE; o, b, ¢, 2 NEE, B
FLI AT A

KA H-H A7 | Fitzhugh-Nagumo # B %H
SE W B AR, PR T ARSI S 2 f e oo AT . e
A AR A FH R A2 BOE (anode break ex-
citation) HlL G 4 A\ 1& B 1% (accommodation). %A
110, H T AR R P AN o T AR R, 2%
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JEA IR, PR AN BEAR 4D, B R R IL A (endogenous
chaos) BURI FILR. 45 Izhikevich (1)1 32, B4,
AR 1 ms 11T N 75 B 72 IR AE B B2

4.4 TIzhikevich {28!

2001 4E, Izhikevich ) % T — i ¢, $2H
T RFBA. fEIX 5 CE 1, Izhikevich Xf#£e
TCHIEAEREAT T HI5 00 25, ¥ 3 N5 48 (inte-
grator) MIFLIREF (resonator) P,

S RF AL, Tzhikevich X8I0 HY
SR EREAT T S NSRRI 7T, AR R OREIL
FEHRE T — RN, ML ITCHIAT N &I
AL [ SRR AT T v 2 AR RS 70820, 7 2003
K, Izhikevich 7V R R T 5 — A& oAl %
BRI L RF BRS04, T LUR B JE M4t
FT C IR 4T Sy, HAE M B A FR 2 13 K%
RO RIATSE R 1 ms 05 B, AL B g 4 28
A% LR 5L RE R b TN 20 0 2L R R IR0 48 36 AT 7 L
Izhikevich #AY I HAT & [ A B 28 5 3, o)
B—NSHEAE X R . IE W Tzhikevich A A
BT, KA LRI oY H M S 8 AR 1P
J&, MIX— R U AN B AFE.

Izhikevich B )RR 40T

dv
T 0.04V2 + 5V + 140 —u + I, (15)
d

di: = a(bV — ), (16)

He, VREBEA, o NEKEDT &, A5 TK
LU 1) Y5 A 5 Na BRI 2008 TSI, 4
V>=30mV i, 4V =cu=u+d.

P 7 BT LLIEFE 0.04V2 + 5V + 140 XN RIA
& T B E A AT MR A ES R = W)
WEEE. EHX &G EEMEIN
178, [FEIRHRUEBE A AS 5 VB A7 2 mV, B[] ¢
[ BT f& ms. Tzhikevich #6345 [ 52 1 BUE, R
I AT O 1 O, BETE —55 mV ] —40 mV
Z IA].

(15) 301 (16) 2R a, b, ¢ Al d #AT %R 4
B . a iR R R AR R u AR, o Bk,
WAL NG, {5 B — ¥ a = 0.02. b fEIRIKE A
TEO0T IS RS, 7 R AR BT PR B T REURR R JE ) o K
V R u R, AT FBUR BMER G TN,
P ER—BE D = 0.2. b 5 a BRI K/ e g 7Y

SR IR BAGE R ILIRISBAY, b < o B 25048,
b> alf RILIRE. c FRPIE T 572 K IR
SO N R ARAL E EAE, — MO —65 mV. d flid
HEKHES Na @XM E AR WEEE, BHEN
d=2.

JE 1 S H, Tzhikevich #5584 0] DA FULEE 1o
20 PR A TCAT . KT BB T It 2 i)
178, Izhikevich 1284 ELAT A% iy HORG 0 52

4.5 TrueNorth{&#!

TrueNorth f5 ! /& 2013 4E IBM 4 i 1) 2K figi iz
S0 A TrueNorth s I #p 2 o ibi8d Pl e g
12 PR, 4 Fh iR HE B (leak mode), 2 Fh ] {E
B (threshold mode), 6 Fi # B 1525 (reset mode).

TrueNorth ] 5¢ 4 & ik = (& Fr A B X) @

i2=x
i
o>

255
Vilt) = Vit = 1)+ 3 As(tywn s [(1 = bF)s
=0

FORG e sen(sT] ()
WL
2= (1—¢)+esen(Vit);  (18)
Vilt) = V(1) + 01— ),
+ PO, pse)l (19)

BIE PLAR, PR, BAL
;= p; & Mj; (20)
if V](t) Z aj +nj,
U ik
Vi(t) = 6(vj) Ry + 0(v—1)[V;(t) — (o + ;)]
+ 6(7j-2)V; (1), (21)
elseif Vj(t) < —[Bjr; + (85 +m;)(1 — K;)],
Vi(t) = — Bjr; +{=0(v;) R +d(v; — D[V;(?)
+ (Bj +ni)l + (v —2)V;(#) 1 — Ky).
(22)
endif.
HAE S E X HAR P TR3. £p, B
T HBISEGER LU P B e X, Rk
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BRIEL AN T
-1, if <0,
sgn(z) = <0, if =0, (23)
1, if x> 0;
L, if[s| > p,
F(s,p) = (24)
0, if else;
5(z) = 1, ifx=0, (25)
0, if else.
#3 TrueNorth % 24f
Table 3. Parameters of TrueNorth model.
8 5 H#
JE Lz V; () signed int
NS t unsigned int
A MR Ai() (0,1}
S KL EL Pi.j unsigned int
IR LR BEATLEL r} unsigned int
B FEHLEL (drawn) pT unsigned int
BIEBEHLEL (masked) nj unsigned int
IR LR T ) A n {-1,0,1}
Sfih (4 NI, B AWETT)  wiy (0,1}
AR Y e {0,1,2,3}
PN LT s signed int
FEABUE AR by {0,1}
R 1 P A7 ¢ (0,1}
I B R AUE Aj signed int
U FLE AL A A ) {0,1}
EBMHE aj unsigned int
HBRE B; unsigned int
B i LA A LB M; unsigned int
HEHE R; signed int
B fE AT Kj {0,1}
HER v {0,1,2}
PRNG BEHLFFYIE pseed unsigned int

J

A RIA B RLR 44, HSe K240 ]
LB W E S EEE 2. B % E R
(FHN; Fle; PoE) BIEBL (H ky PLE) . B E R
(B, B, RS k; BHEAR), 456 HEHLRIE
(BEE M, # 0). BEHLRMALE (R E LS = 1), b

PURHE LR S (BHE o) = 1) DR,
TrueNorth #5784 AT DUSHGEL I 20 #4047 4.

TrueNorth fAY P47 | A5ALL G 77 F0 P 28 S
A, AESCHRFFE AT NS R, 38 B A ICAERE
PRI NI L AR TS 1272 M2 4]
B TT B (924 AN SE AL 18 B, 348 AN FH T-#4) Fi b
MU AR ).

5 %

20 L IR, fha oA B TR 2 100 T4l
Hep e T, V2 S Mt o i R RV R UL,
KA DAERAT A2 0% T3 V35 0 R B SEE I, PRI T TG VR BN L
F. H-HAS AN TF 578 52 o 22 o) 2% o 6 v o2 ] L
B MR, A H-HEE) A TR 2%, AR
TR EE B, 10 TF A7 Uit 33 B i DL I
F W ML ICAT . TureNorth #1428 76 i) 523 7 X
AR ZE TURR Y ) L B SR A TR R S B, RIAE S
£ FL S AR TR A F 3 RO TR PR 1 R
BB B SE I MR R . A, BT e
TO AT 22 [ 25 [ 2 2K, ) S A 40 T A5 R )
ok, 2B DL =AM, A BE A S i 2T 0
EINECIEPT L ith

1) AN F RO RIE TR AR H D, A2 s
RN AZ A EFERIAT AR E?

2) 2R JURR ) L B S IR RE 6 ST 22 KA
AR 22 I 25 B 17

3) FEAHZE 0 B RF P M 255 1) 2 RS L gy
1l A TH SEE B I 4% Th RE FA B DAL ?

X = AN 1A A DU AR 22 I A, O
il 52 B P AR e 0 O R TR T 28 B A R 1 ) L
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Abstract

In recent years, the modeling and application of biological neurons have gained more and more attention. By now,
the research on neuron models has become one of the most important branches of neuroscience. Neuron models can
be used in various areas, such as biomimetic applications, memory design, logical computing, and signal processing.
Furthermore, it is significant to study the dynamic characteristics of neural system by using neuron models. In this
paper, the historical development of neuron models is reviewed. The neuron models have experienced three development
stages. In the pioneering stage, a group of scientists laid the experimental and theoretical foundation for later research.
Then, the whole study started to blossom after the publication of Hodgkin-Huxley model. In the 1970s and 1980s, various
models were proposed. One of the research focuses was the simulation of neural repetitive spiking. Since the 1990s,
researchers have paid more attention to setting up models that are both physiologically meaningful and computationally
effective. The model put forward by Izhikevich E M has been proved to solve the problem successfully. Recently, IBM
presented a versatile spiking neuron model based on 1272 ASIC gates. The model, both theoretically understandable
and physically implementable, has been used as a basic building block in IBM’s neuro-chip TrueNorth. In the paper,
seventeen neuron models worth studying are listed. To give a more explicit explanation, these models are classified as two
groups, namely conductance-dependent and conductance-independent models. The former group’s goal is to model the
electrophysiology of neuronal membrane, while the latter group is only to seek for capturing the input-output behavior
of a neuron by using simple mathematical abstractions. The complexity and features of each model are illustrated in
a chart, while the prominent repetitive spiking curves of each model are also exhibited. Five of the models are further
detailed, which are the Hodgkin-Huxley model, the Integrate-and-fire model, the Fitzhugh-Nagumo model, the Izhikevich
model, and the most recent model used by IBM in its neuro-chip TrueNorth. Finally, three questions are put forward
at the end of the paper, which are the most important problems that today’s researchers must consider when setting up
new neuron models. In conclusion, the feasibility of physical implementation remains to be a challenge to all researchers.
Through the aforementioned work, the authors aim to provide a reference for the study that follows, helping researchers

to compare those models in order to choose the properest one.

Keywords: neuron model, conductance-dependent model, conductance-independent model, TrueNorth
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