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A novel adaptive PID controller based on Actor-Critic learning
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Abstract: Owing to the lack of the self-tuning for PID parameters in typical PID(T--PID) controllers, a self tuning PID

control strategy using Actor-Critic learning(AC--PID) is proposed. Actor-Critic learning is used to tune PID parameters

of the controller in an adaptive way. The policy function of Actor and the value function of Critic are approximated by a

simple radial basis function neural network. The system error, the first and the second-order differences of system error are

employed as inputs to the radial basis function network. The mapping from the system states to PID parameters is realized

by the Actor, and the temporal difference(TD) error is evaluated by the Critic. Based on the structure of Actor-Critic

learning and TD error performance index, the block diagram of the controller is developed. Two simulation results show

that the proposed controller is efficient and perfectly adaptable with fast responses, providing better performances than the

typical PID controller.
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2 AC PID (Adaptive PID

controller based on Actor-Critic learning)
2.1 AC--PID (The structure of AC--

PID)
AC PID

1 , PID

(incremental PID controller) AC [8]. PID

:

u(t) = u(t − 1) + Δu(t) =

u(t − 1) + K(t)x(t) =

u(t−1)+kI(t)x1(t)+kP(t)x2(t)+kD(t)x3(t) =

u(t − 1) + kI(t)e(t) + kP(t)Δe(t) + kD(t)Δ2(t),

(1)

:

x(t) = [x1(t) x2(t) x3(t)]T =

[e(t) Δe(t) Δ2e(t)]T,

e(t) = yd(t) − y(t),

Δe(t) = e(t) − e(t − 1),

Δ2e(t) = 2e(t − 1) + e(t − 2)

; K(t) = [kI(t) kP(t) kD(t)] PID .

1, e(t) = yd − y(t) (state

vector, SV) AC x(t).

AC 3 : Actor, Critic

(stochastic action modifier, SAM), Actor

, PID

K ′(t) = [k′
I(t) k′

P(t) k′
D(t)], Actor

K ′(t) PID ,

SAM Critic V (t)
, PID K(t) =

[kI(t) kP(t) kD(t)]. Critic

(2) rt,

, TD δTD(t)
V (t), δTD(t) Actor Critic,

Actor Critic .

1 Actor-Critic PID

Fig. 1 The structure of an adaptive PID controller based on Actor-Critic learning

,

rt = α1r1(t) + α2r2(t), (2)

: α1, α2 ,

r1(t), r2(t) ,

r1(t) =

{
0, |e(t)| � ε,

−1, ;
(3)

r2(t) =

{
0, |e(t)| � e(t − 1),

−1, .
(4)

ε .

2.2 Actor-Critic (Actor-

Critic learning based on RBF network)

(RBF)

, ,

, , .
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Actor Critic ,

. , RBF

Actor Critic

, 2 . Actor Critic RBF

,

,

, .

2 RBF Actor-Critic

Fig. 2 Actor-Critic learning based on RBF network

1 .

x(t) = [x1 x2(t) x3(t)]T =

[e(t) Δe(t) Δ2e(t)]T ∈ R
3

.

2 . RBF

, j

Φj(t) = exp(−||x(t) − μj(t)||2
2σ2

j

), j = 1, · · · , h,

(5)

:

μj = [μ1j μ2j μ3j ]T

j , σj j

, h .

3 . Actor Critic .

Actor m Critic

V (t) :

K ′
m(t)=

h∑
j=1

wmj(t)Φj(t), m=1, 2, 3,

j =1, 2, · · ·, h,

(6)

V (t) =
h∑

j=1
Vj(t)Φj(t), (7)

: wmj , vj j Actor

Critic .

1 , Actor PID

, PID K ′(t)
ηk. V (t), V (t)
, [8]. :

K(t) = K ′(t) + ηk(0, σV (t)), (8)

σV (t) =
1

1 + e2V (t)
.

AC δTD

:

δTD = r(t) + γV (t + 1) − V (t), (9)

0 < γ < 1 . δTD

,

E(t) =
1
2
δ2
TD(t). (10)

Actor

, Actor t Actor

t + 1 ,

wmj(t + 1) = wmj(t) + αA
∂E

∂w
, (11)

: αA Actor ,
∂E

∂w
,

∂E

∂δTD
=

∂(
1
2
δ2
TD)

∂δTD
= δTD. (12)

δTD TD , Actor PID K ′(t)
σV (t) ,

:

∂δTD

∂w
≈ Km(t) − K ′

m(t)
σV (t)

Φj(t). (13)

∂E

∂w
=

∂E

∂δTD

∂δTD

∂w
= δTD

∂δTD

∂w
≈

δTD
Km(t) − K ′

m(t)
σV (t)

Φj(t). (14)

(14) (11)

wmj(t + 1) =

wmj(t) + αAδTD(t)
Km(t) − K ′

m(t)
σV (t)

Φj(t).

(15)

vj(t + 1) = vj(t) + αCδTD(t)Φj(t), (16)

αA, αC Actor Critic .
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Actor Critic RBF

, , ,

. :

μmj(t + 1) =

μij(t) + αμδTD(t)vj(t)Φj(t)
xi(t) − μij(t)

σ2
j (t)

,

(17)

σj(t + 1) =

σj(t) + ασδTD(t)vj(t)Φj(t)
||x(t) − μj(t)||2

σ3
j (t)

,

(18)

αμ, ασ .

2.3 (The block diagram of

AC--PID)

AC

PID :

3 Actor-Critic PID

Fig. 3 The block diagram of AC--PID controller

3 (Simulations)
3.1 (Simulation on nonlinear

system)
,

PID .

d2y

dt2
+ 20

dy

dt
+ 25y(t) = 133u(t). (19)

d2ym

dt2
+ 20

dym

dt
+ 25ym(t) = 133r(t). (20)

(19)(20) : y(t) , u(t)
, ym(t) , r(t) .

e(t) = ym(t) − y(t), (21)

(19)∼(21) :

d2e

dt
+ 20

de

dt
+ 30e(t) =

50r(t) − 133u(t) − 5θ(t). (22)

, [0, 0],
[0, 0], 1 s,

, S = 1 , S = 2 .

AC PID ,

:

α1 = 0.75, α2 = 0.25,

αA = 0.02, αC = 0.04,

αμ = 0.025, ασ = 0.02,

ε = 0.001, γ = 0.99.

4∼7 , 4 5

, 6 ,

7 PID .

: AC PID

, .

4

Fig. 4 Position tracking
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5

Fig. 5 Position tracking error

6

Fig. 6 Control output

7 AC--PID kI, kP, kD

Fig. 7 The result of AC--PID parameter tuning on kI, kP, kD

3.2 (Simulation on cart pole)

.

u( ), ,

,

. M , m,

x, θ, :

θ̈ =
m(m + M)gl

(m + M)I + mMl2
θ −

ml

(m + M)l + mMl2
u, (23)

ẍ =
m2gl2

(m + M)I + mMl2
θ +

I + ml2

(m + M)l + mMl2
u. (24)

: I =
1
12

mL2, l =
1
2
L. 4 ,

θ θ̇ x

ẋ.

, :

g = 9.8m/s2, M = 10 kg, m = 0.1 kg,

L = 0.5m, μc = 0.0005, μp = 0.000002,

μc , μp

. AC--PID

:

a1 = 0.7, a2 = 0.3, αA = 0.02, αC = 0.03,

αμ = 0.025, ασ = 0.02, ε = 0.001, γ = 0.99.

F , [−10, 10]
. T = 10 ms, :

θ(0) = −10o, θ̇(0) = 0, x(0) = 0, ẋ(0) = 0,

:

θ(0) = 0, θ̇(0) = 0, x(0) = 0, ẋ(0) = 0.

8 9 , 8 5 s ,

(angle) (angle rate) (cart

position) (cart rate) ,

AC--PID , 4

. 9 PID

(T--PID) AC--PID ,

, AC--PID T--

PID .
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8 AC--PID 4

Fig. 8 The response of four index with AC--PID

9 T--PID AC--PID

Fig. 9 The output of controller between T--PID and AC--PID

4 (Conclusion)
PID

, PID ,

PID ,

AC ,

PID , AC

PID . Actor Critic

,

,

, .

: AC--PID

, PID (T--

PID) , AC PID (AC--

PID) , ,

.
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