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Adaptive gain control algorithm based on deep reinforcement learning
YAO Jie, KE Liuting, REN Jia
(Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech
University, Hangzhou 310018, China)

Abstract: The parameter setting process of the classic PID (Proportional-Integral-Derivative) controller is
cumbersome, and the parameters need to be set again as the controlled object model changes. Aiming at this
problem, we proposed an adaptive gain control algorithm based on deep reinforcement learning. The algorithm
introduces deep DQN (Deep Q-network) model in the proportional element of classic PID controller for adaptive
to adaptively adjust the gain. Besides, to simplify the structure of the controller, the differentiation
element and integration element in the classic PID controller were removed. The simulation experiment
was performed on the dual-capacity water tank. The experimental results show that compared with the
classic PID controller, the algorithm has smaller overshoot and steady-state error under the precondition of
meeting the fixed-value control task, and it can obtain corresponding control strategy through self-learning
after the model is changed. thereby avoiding the tedious parameter tuning process.

Key words: deep reinforcement learning; PID; adaptive gain; fixed value control

0

’ b

PID(Proportional-Integral-Derivative, - tzl ,PID
- ) ’ D) ’
0 PID .
:2020—01—09 :2020—05—08
(GG20F030031) ; (LY17F030024)
(1996— ), . B B

,E-mail:jren@zstu.edu.cn



648 ( ) 2020 43
PID . PID , , ,
PID Lo o ) PID
. PID . e
PID , (s
. PID (Asynchronous advantage actor-critic, A3C)
o PID s PID ,
o , PID
PID o s
PID . Bhatt [/ .
(Whale optimizer algorithm, WOA) PID Q (Deep Q-networks, DQN),
) DQN
o Lol (Ant colony (Adaptive gain control based on DQN, DQN-G),
optimization, ACO) PID y PID R
Ziegler-Nichol , PID
, PID . o
, PID o N
PID s o
PID , Du
(Radial basis function neural network, 1 PID
RBF) , PID PID 1 s
o el v (1) ,y (1) .
(Wavelet neural network, e(t) t
WNN), s Au (1)
, PID , ut)
PID , u() =ult — D +2uC) =ult —1) +kpe(t) +
. ki(e(t) —e(t — 1)) +hkple(z —1) —e(t —2))
, ) (D
N L s ko Rk PID .
(2] _ [13] ) )
u(t—1)
(¢ e(t
V() () ;;? N Pﬁiﬁu Au(f) ¥+ Lz)» N y() .
1 PID
TD . DQN
2 DQN
DQN , , [107,
Q 2.1 DQN-G

DQN



5 649
, , (2) :
DQN uCt +1) =ult) 4+ Ault) (2)
Au () :
R Au(t) =a(t)e(t) (3)
DQN-G DQN u(t+1) ,
,DQN-G 2 s(t+1) r(z+1),
s . (s(t), alt),
D) s rit+1, st+1)) ,
Q(S(Z)vai)v ’
a(t),a(t) e(t)
Au(f)9
u(t)
e(f)
¥ w| 2o + u(r+1) o)
" ald) § "X) » B R >
| b 3 —
REfe || 2 Es
Ensy | |WHE Hnfl]
f r(t+1)
PG H 4%
M%  |gmmisnssl M
1 R4 BAr M4
(s(), a(9)) ()
EZL AT i
(s(0), a(®),r(t+1),s(t+1))
2 DQN-G
, , DQN 2y N} o 0
. , VoL, (0) =[G +ymaxQ(s'.a’ | 0,,)) —
e ~greedy . eelo.1], Q(s.a | 0V, Q(s.a | 0] (5)
DN 1 —e € 2.2 DON-G
DQN s
(s,a,7r,8), s , DQN
“ ’ BP .
Q(s s | (9,)9S/ 9 3
r+ me;xQ(s/,a’
0;71)’ 4 1 )
(4) : , s(t) =
L,0)=E, ...+ mz;XQ(s/,a/ | 0,1) — (a1 (1) vay (1) s s, (DT,

QGssa | 6.))%] D

2 ,



650

( ) 2020 43

hiw (1) =wls () + by (6)
%) l ,1=1,2,3,,n;
wL by, i
RelLu, :
how; (1) =max(hy, (£),0) 7
s hooy, l o
3 , ,
Vous (1) =Wiho (1) + by, %
: Vo 7 LWy by
J
.7 =1,2.3, (8
) (8) :
You () = (QGs (1) ya1),Q(s(2) ,a2),Q(s(2),a3))
(9
3
3.1
, Python
, PID. DQN

M 1 . k()
t . 1 g1 (2):
g1 (1) =k() XM (10)
t 1 q, (1)

(12(2‘,)2«/2><g><hl(l‘)><63 (11)

8 3 C3 1
;hl(t) 1 R :
— 1) —q,(t—1
}ll(f):hl(t_1)+ql([ )C q, (1 )
1
12)
(e 1 Lt 9
q:(t)
q:(1) =2 X g X h, (1) Xc, (13)
: Cy 2 ;hz(t) 9

b

W) —ha—1y L D ma =D

C2
(14)
1 Cy 2 o
c,=c,=0,5m?,
c;=c, =0 03m’; ca, =+1,a,
=0,a; =—1;PID s kp=
2, k1=0.05, k p=0;DQN
n=>50, capacity =2000,
batch size=32, e=0.9,
a=0. 01, y=09,
iteration =32,
+1, [ hy— | <
r=<—295, hy hy,> o
—1,
3.2
a) o
5 1 o 5
,PID » DQN
DQN-G o
1 . DQN-G PID
1. 9785 s, DQN
1L 07%, PID 17. 37%;
DQN 1. 35%, PID 0.34%.,



651

5
7 3 . 7 s
06F . PID
P A /j—-uﬂ—i—.—-:-.—l , PID
04} "
£ / ° , DQN  DQN-G
‘g 0.2 ." o ’
/ / —e—DON , PID
| PID
ob &7 = DQN-G 0. 1872 s, 42. 37%.,
- - . . DQN-G
2 4 6 8
1l /s PID DQN .
5 0.8
o6f ||
[\
/% /s /% £ 04}
PID 17. 41 0. 5719 +0. 83 = ‘/ .
DQN 1L 11 5. 7810 +1. 84 02t ‘\/
DQN-G 0. 04 2. 5504 +0. 49 / o
ok ~#- DQN-G
b) o ’ 1 1 1 1 ]
0 2 4 6 8
B ) /s
6 2 o 6 , 7
» PID. DQN DQN-G 3
° 2 1) DQNiG /% /S /%
PID 1. 2895 s, PID 42. 37 0. 1827 +0. 73
DQN 0.25%, PID DQN 111 4. 7616 +1. 84
19, 59% » DQN Lo1%. DQN-G 0. 04 1. 8206 +0. 49
0,
PID 0. 48%., , DQN ,
DQN-G DQN
0.6+ ;
g 04F DQN
bS] , DQN ;
® o2t ,
DQN . DQN-G
or ° PID ’
0 5 " 10 15 DQN-G
i e/
’ ., DQN
2 1 . PID
/% /s /% DQN )
PID 19. 76 0. 3337 +0. 83 DQN-G
DQN 0. 42 2. 8749 +1. 36 . DQN-G
DQN-G 0.17 1. 6232 +0. 35
Q - DQN-G :

o)



[1] Adel T, Abdelkader C. A Particle swarm optimization
approach for optimum design of PID controller for
nonlinear systems [ C]//2013 International Conference
on Electrical Engineering and Software Applications.
Hammamet. Tunisia: IEEE, 2013 682-685.

2] , : PID

. , 2019(5) ; 37-43.

[3] Qureshi M S, Swarnkar P, Gupta S. Fuzzy PID sliding
mode control for robotics: An application to surgical
robot[J]. Recent Advances in Electrical & Electronic
Engineering, 2019, 12(2). 118-129.

[4] Osinski C, Leandro G V. Da Costa Oliveira G H. Fuzzy
PID controller design for LFC in electric power systems
[J]. IEEE Latin America Transactions, 2019, 17(1);
147-154.

[5] Bhatt R, Parmar G, Gupta R. Whale optimized PID
controllers for LFC of two area interconnected thermal

power plants[J]. ICTACT Journal on Microelectronics,

652 ( ) 2020 43
4 2018, 3(4). 467-472.
[6] ; .
PID . PID [7l. , 2019, 40(5);
91-97.
, DQN
[7]Du X J, Wang J L, Jegatheesan V, et al. Dissolved
’ oxygen control in activated sludge process using a neural
’ DQN-G ° network-based adaptive PID algorithm [ J]. Applied
PID : Sciences, 2018, 8(2); 261.
[8] , . PID
; , (JJ . 2019, 46(11): 1-6,
. [9] Liu X Y. Ding Z., Borst S, et al. Deep reinforcement
, ,DQN-G learning for intelligent transportation systems[ EB/OL].
PID PID (2018-12-03) [ 2020-03-02]. https://arxiv. org/abs/
b
1812. 00979.
, PID )
[10] Zheng G, Zang X, Xu N, et al. Diagnosing
b o

reinforcement learning for traffic signal control [ EB/
OL]. (2019-05-12) [ 2020-03-02]. https://arxiv. org/
abs/1905. 04716.

[11] s s ..

(7. , 2019, 42
6): 1-7.

[12] Mnih V, Kavukcuoglu K, Silver D, et al. Human-level
control through deep reinforcement learning [ J J.
Nature, 2015, 518(7540) . 529-533.

[13] Carlucho I, De Paula M, Acosta G G. Double Q-PID
algorithm for mobile robot control[J]. Expert Systems
with Applications, 2019, 137, 292-307.

[14] , , .
PID [yl .
2019(5): 58-63.
[15] . Actor-Critic PID
[DJ. : , 2018 19-30.
[16] . . .
PID L. , 2019, 48

(3): 323-328.



