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Linear Delayed Feedback Control of the Cortical Neural Network
YU Hai-tao, WANG Jiang, DENG Bin, WEI Xi-le

(School of Electrical and Automation Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Pathological synchronization of neurons may severally impair brain function, causing many physiological
diseases, such as epilepsy and Parkinson’s disease. To tackle this problem, we construct a cortical neural network based on
the two-dimensional neural map. All units of the network can get synchronization when coupling strength between neurons
exceeds a threshold value. As soon as the linear delayed feedback controller is administered, the synchronous state of the
network is suppressed completely, while the intrinsic firing property of the individual neuron is maintained. Simulation
results show that linear delayed feedback control can realize the desynchronization of the cortical network and is robust

against the variation of stimulation parameters.
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Fig. 1 Topological structure of the cortical neural network,

PY: pyramidal neuron and IN: interneuron.
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Fig. 2 Firing patterns of the cortical neurons. (a) Pyramidal
neuron, spiking frequency is 10Hz; (b) interneuron, spiking

frequency is 30Hz. The external stimulation is /¢z¢=0.05.
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Fig. 4 Synchronous state of the cortical neural network,

coupling strength ge = 2.0, g; = 0.2.
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Fig. 5 The variance of mean-field Var(X) versus the

coupling strength g, for different value of g; = 0, 0.1, 0.2, 0.5.

4 2% P W R 4 4% il (Linear delayed feed-
back control)
4 1 2 2 D9 285 4k T [R) A T BOIR S B, R BASR
24 PR I VAR IS A5 42 1) R A1 ) IX IR A O 25 R 29). AR

P Pikowsky %5 A H A2 1) 77 7%, 4 Ak I 3 e A5
FEPIATE A, R 2200 S 5t

Iy(n) = K(X(n —7) - X(n)) (10)
AN L4 2 151
It(n)=—-KX(n—r) (11)

S5 5 FE KRN SE AR ) (Rl 79 58 T R B E 5 3
R AW R BHE 5 1 (n) B AR BT A #4487 A
SRR e O v I e S =1 23 ) 1 R v ]
PRAg By, B 5 B M@ 1 BeptLewr (n) T
NBewt(Tew(n) + If(n))-

-0.6

-0.7,

T
1
1
1
1
1
1
1
1
1
1
1
1
I
[

-0.9

"0 1000 2000 3000 4000 5000
n

(a) MERIFX

0.03, T

0.02-

0.01

-0.01-

-0.02

0 1000 2000 3000 4000 5000
n

(b) FHIEE L,

Neuron index
(2]
o

LT LT FETE
20 B ¥ KK
0 1000
(c) PP A T0 AT FL I (1] 3 A7
Bl6 Z4kit: K =0.1, 7 =100, REHEHIE S

i 5 3 A A
#En = 100041\
Fig. 6 Differential feedback: K = 0.1, 7 = 100, the control

Ly (‘
" 'if: \\ :
2000 n 3000 4000 5000
signal is applied at the time n = 1000.



% x ] T i S5 8 P (IR P 9 I 5
-0.2 R, R O AR T ME AR R 8 T 2 TR AR 1 [R] 2P
P 6(c)FTET(c)), 15 H TGV E A B & i g {E.
o 5 ¥} (Discussion))
X -06 KI8ZE Y 1 e ik JE K43 79 290.1. 0.2 0.58F
I ZV ar (2) M R AR g AL R R, TER
08 PRESHI(K = O)EITEIL R, 244 7 22 1) (4 R A Bk i
a ! ‘ ‘ ‘ B B g, T, HEAS 2 AT DL S I (R 2 TRCHR,. i it
O 1000 2000 S000 4000 5000 Rt 1 2 BB 0 2, %45 B B8 T IR
() MEII X TotA5 5 AT LA 78 4 B D 2% 1) [ 28 TROHDIR A, A L
YIa 07 Z R BIRERPIR S KF.
0.12 .
4x 10
0.08r @
0.04r

0 1000 2000 3000 4000 5000

(b) BHIEEL,

Neuron index

0 1000 2000 3000 4000 5000

(c) JITAG PR TT IR L B[] 3 AT
7 HEERG: K = 0.1, 7 = 10, RIAEHNE S
fEn = 1000/,
Fig. 7 Direct feedback: K = 0.1, 7 = 10, the control signal is

applied at the time n = 1000.
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