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Abstract

To better address the issues of traditional PID control in negative pressure ink supply systems, such
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as low temperature and pressure accuracy, lack of adaptability, and poor tracking performance,
this paper integrates the RBF neural network with the traditional PID control algorithm to achieve
dynamic identification. By leveraging the learning capability of the neural network, the propor-
tional, integral, and derivative parameters of the PID control can be adjusted online according to
the control environment, making it more suitable for industrial needs. This enhancement improves
the system’s real-time response and adaptability. A step signal was introduced, and the control sys-
tem was simulated in the Simulink environment of MATLAB software. By comparing the traditional
PID control algorithm with the fuzzy PID control algorithm, simulation test results concluded that
the PID control algorithm optimized by the RBF neural network offers advantages such as fast re-
sponse speed and minimal overshoot, effectively solving the problems of lag and significant cou-
pling in temperature and pressure control, thereby significantly improving the performance of the
negative pressure ink supply system.
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Figure 1. Conventional PID control schematic
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Figure 2. Simulation model of temperature control using conventional PID
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Figure 3. Simulation model of negative pressure control using conventional PID
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Figure 4. Simulation waveforms of multi-parameter temperature control using
conventional PID

4. BH PID R EITHI S ES BN ER

I
6 N yZ‘ i
y(pi
S //A A vipid)| |
l//\\\ \_A_A 0
4 7= . . j£ y(pid) ||
j' =4 y(pid)
3 A\
sk _
1L |
0 _
0 200 400 600 800 1000 1200

Figure 5. Simulation waveforms of multi-parameter negative pressure control
using conventional PID
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Figure 6. Fuzzy PID control block diagram
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Figure 16. Simulation model of negative pressure control using Fuzzy PID
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Figure 17. Simulation waveforms of multi-parameter temperature control us-
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Figure 18. Simulation waveforms of multi-parameter negative pressure control
using Fuzzy PID
18. 1&#) PID faEEIEHIZESRIHER T

DOI: 10.12677/airr.2024.134098 979 PNER ST IR YN


https://doi.org/10.12677/airr.2024.134098

RXKEHT, Bl A

SEil: XU SR R G R AR MR N GRS R IS MATLAB #4476 1 Simulink 2
1T, Kt —DISTEBON PID Sy i) S bris il 00, W B &R N 45°C, HUR(EN: 4kPa, FERT 20
s, WA NI 17 FE 18 Bt S E0EW PID 74 T R BIREESR 10C, MAUEE 4T 0.3
kPa (B & . W5 AV EE R H] 8 480 s, 471 KA I BE RS [H] 2 450 s

5. BT RBF &M% PID =HI &%
5.1. RBF #&Z M4

RBF #2228 % 1 =R, KOV RANZ . REREMREHZ . BdEaEs—Eh fmifkin, #ha
TIRBRI A, EL R RSSO, RS R R i fm/ME K R 7]

RBF e f 4 LA a8, L TARJREON: AN B efd SN R, SN Z LT &
SRATTREE 2, DRGSR MG SR PEERRS R, 08 E ek o e
ER R REAZR IR RS, B MR ER SR, Hrh ZHE O R TR E. MR RBF
LB SHIT, KRB TRE R R SEORY . RS RAEMS ARG EEEN, R RgEnE
WA B e 8], AEASAEARLE T 2R EANR] 73 (R JC 3R AE e 4 AR Rk AT 70 o i 2 DU A ol 0 245 1) e 4 5
B B RS 2L B SRR R R K, o 2R M 2 A IR e A A5 R 8], W 19 TR

1+ 407 B RO BR CRIA A

(ool
R T

2 ﬁj:152"..7m

J

Sofrs x—c, [ BEIVEEEEG ¢ =[enee, || N MBI RO b
J ARG SR w, = [wwper-ew, | ARG, HES ST 0 [9];

WO BT, SR T R B BB MO R PR RO (L1 T B0 S B,
BT P LEHTR R, TOCEPINEWIRTT . T SRR TN, ST O, IR R 5 T
S AR A, T BR MO I 2 0 T DA e, AT R SRR M 2 TR, RBF 02 R4
SEATAE S B FEROR.

[)(1\ h1

X1

X2 @ .- 3

N
Figure 19. RBF neural network structure

[& 19. RBF MK L5

T EAETE[10]A:

GEENCI=wF

DOI: 10.12677/airr.2024.134098 980 PNER ST IR YN


https://doi.org/10.12677/airr.2024.134098

RAKEHT, Bl S

WZ[WI,Wz,"',W]T

P2 2% (i R S ISR AN SRS, AR

=hw +hw, +--+hw

M 2% B PR bR R R N
1 2
.h=5b%@—ym@»
TR R, RS S BUE S E, HE AR

Aw, (k) =n(y (k)= 3, (k))

wj(k):w/.(k—l)+Aw/.(k)+a(wj (k—l)—wj(k—2)) Abj(k)zn(y(k)—ym (k))wjhj "x_bjj"
b, (k) = b, (k=1)+ b, (k) (b, (k=1) =B, (k=2) A, () = (k) =3, k), =

¢ (k)=c; (k=1)+Ac; (k) +a(c, (k=1)-c, (k-2))
X FRoRIRFIER; o FonMRESIER T . HBEEE R B (Jacobin) M15I% W AR R A[11]:
oy(k) _ o, (k) LGN
oAu (k) onu(k) =Sowihies % b

Jj=1

K FORIR S TER, o RN ER 1. H A B (E B (Jacobin) (55 T AR K[ 12] -

oy(k) _ (k) _3 € =%
ohu(k) aAu() Z W b’

5.2. EF RBF {1 M%& PID BU5 %] =1

T RBF #1420 4% PID F S92 (145 i) S P A S0 1 RBF A 42 9 48 o g4 0 G 0 52 EL A B HEAT IR,
AR BT B SE TR I BB BE R BRVETH ST A, Ak« Ak, » SETL PID S50 &R Y

RBF #Z W 2845 PID 425 il 25 i u( )%ﬂ%ﬁx%ifﬁ@ y(k), PHRFEIMEST G R, T
Eﬁﬁmﬁ,ﬁ%HD%ﬂ%%&,Khlg%ﬁ,ﬁHD%ﬂﬁﬁﬁﬁﬁﬁﬁkfﬁ%UﬂpFlm
N RBF #1225 2% PID 5 il J5 2 &

Y(k)

0 () S N (5

wWIEXTR
n
Tacobian{s &,
RBF{#4Z /4%

/

Figure 20. RBF neural network PID control schematic
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Figure 21. RBF neural network PID control process
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Figure 23. Simulation model of temperature control using RBF Neural Network PID
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Figure 24. Simulation model of negative pressure control using RBF Neural Network
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Figure 25. Simulation waveforms of multi-parameter temperature control using RBF
Neural Network PID
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Figure 26. Simulation waveforms of multi-parameter negative pressure control using

RBF Neural Network PID
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Figure 27. Simulation models of temperature control using three PID Algorithms
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Figure 28. Simulation models of negative pressure control using three PID Algorithms
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Figure 29. Simulation waveforms of temperature control using three PID Algorithms
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Figure 30. Simulation waveforms of negative pressure control using three PID Algo-
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