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Abstract

Objective: To solve the problems in PID control, such as poor control performance, large over-
shooting and time consuming caused by unreasonable parameter setting, a PID parameter setting
method based on improved particle swarm optimization (PSO) was proposed. Method: According
to the standard particle swarm algorithm, in the case of easy trapped in local optimum process,
introducing Rosenbrock algorithm enhances particle in strengthening the ability of local search,
thus improves the quality of the solution, and by using the improved particle swarm optimization
(PSO) setting the PID parameter, after setting, the PID control parameters are used to control sys-
tem, and through Matlab simulation test, this paper improves particle swarm algorithm and stan-
dard particle swarm. Results: The simulation results showed that the overshot of PID control pa-
rameters adjusted by the particle swarm optimization algorithm fused Rosenbrock was 9.5%, the
system adjusted to the steady-state time was 1.69 s, and ITAE performance index was about 4.25.
The standard particle swarm overshoot was 24.65%, the system adjustment time was 2.32 s, and
the ITAE performance index was about 5.52. Conclusion: Compared with the standard particle
swarm optimization algorithm, the PID control parameters set by the improved particle swarm
optimization algorithm in this paper have better comprehensive performance in the simulation
experiment, and the overshot is small, the regulation time is short, the response speed is fast, the
robustness is strong, providing a method for PID control parameter setting.
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K FEAL AL (Particle Swarm Optimization, PSO) %342 Kennedy 1 Eberhart 52 2| N T A= it 7t 45 R (1) 5
K, SRR SR BB AR SRR AN A AT T Bt () — R TR BRI 2 R BN LA R EL[9]. ik
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Figure 1. Flow chart of standard particle swarm optimization algorithm
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Bk L0 R AR A AR AR R LA DX . DR ] AAE AN SR I B B IR 2R3 DA Rk A R oo T i 4 R
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3.2. Rosenbrock &k

Rosenbrock J7¥2: X R A #E S, T 1960 4E /1 Howard Harry Rosenbrock #2Hi[12] [13]. Rosenbrock i
ST B ATIER n ANIERS T EERIAS B, EEIRENGE N R AR, S8 R e e A — A
BT RN R — OB A, Wb fEAR[14]. AL PR RIE A R R AL I BGR, (HEK SR, REE
FAE 159, IAEARAERL T FF VAR Rosenbrock 550323k 38 55 ) 544 22 1) B 42 =i i 1Y i &, Rosenbrock
R — PR R TC LR B AL I R AN 75 22 iR A S80S B B 7 [15] [16], BARBIRIR -

Stepl: HIUHtk

U EVIEE XY eR" 0 /l\IEi%E"J%)Jﬁ‘ﬁﬁiéﬂ{d(”,d(z),---,d(”)} MRS K 60 = (510,520,--‘,53 )T >0,

T AR, B 6> 0, 5 KK as1, 4N RH e (01). ByY =x¥, =69, i=12-n,
BHk=1, j=1.

Step2: THAIEMNAE

7 f(y“)+5jd“))£ f(y(i)) , 4 y(j+1) - y(j)+5.d(j) , 5. =ad. . B f(y(i)+5jd(i))> f(y(i)) , My

] J ]

Ly =y, s = o

Step3: Wi j<n, ME j=j+1, ¥ Step2; 75N, # Stepd.

Stepd: RIS R

Fy™)<f(y?), st y® =y™, dr =1, SEBIE step2; # £(y"Y)=(y?), Wikt7
Step5.

StepS: RIFBEHRIEE R

#A (YY) < £ (V) MEEF LR Steps; WIRXHGABHL |, HH|5,| <o HOL, MISLEIE, i
X AEABARAR O s #LAEK AR, W4y =y "™, frj=1, HZEBTE Step2.

Step6: FIWrH L2 4R
bt =y X X0 < X PN S SRR
T FEE LI StepT,

Step7: 5B T-{or FA

& = X X bR IE A AL {d®, 0 d" L 4 8% =500, k=K1, # Step2.

k+1
S 5 AL ) A BB B R
X (t)=Px=In(yu) (5)

Forbr: u [0,1] Z IIBEAHLARALEL
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N T RIS S SRR R, e 1 FRBISR 4 A2 B BOEAT S0, BR B ER 30 4k, SE6 A
L FPRER /NN 30, BRI 200, PAR SRS R AL E 5%, ¢ =c,=2, =09, 1E
Rosenbrock 2 H, KK T a=14, 4i/MNAT f=-05, RVFiEZEe=10"°, RAERIEH 100, #
FZHK B A RIXIAI 10%, 41k 2R K R AU Bk E 2 . DR 4 TR EERSLIZAT 30 IR LI RR
BENLEERITTE, SRAFPIME . SRl 2 s ARV E PP Al AR, AR B B0 2 SOt B R S
SERATIN 2 F14% 3 iR

Table 1. Benchmark functions

=1 EENR R

A4 Hp ik HAE Bzt
n-1 2
Rosenbrock f.(x)= Z[lOO(xI+1 =X +(x 71)2} X, €[-30,30] HURIR A
Rastrigrin Z(X ~10cos(2nx,) +10) x €[-5.12,5.12] Eq
1 n n
Griewank f,(x)= m; X 712[003[%}& X, €[-100,100] e
d-1
f,(x)=sin )+ -1) |1+10sin?(2
Levy () le @ [ (2r0,)] X, €[-10,10] EA ]

+(w, -1) [1+sm (2na,)]

Table 2. Calculation results of standard particle swarm

2 AERTFRITEESR

B3 izl BE PRifERE
f, 13.954425 22.548978 11.158645
f, 2.081573 7.264837 10.637861
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Continued

f, 1.982478 12.724531 43.585016

f, 3.850634 8.721682 10.231597

Table 3. Improved particle swarm optimization calculation results

3 BN FRETHESER

SR RAUE ¥iE i
f, 2.25x 1077 436 %107 9.82x 107
f, 0 0 0
f, 1.8x 107 6.5x1072 3.1x1072
f, 1.58 x 1076 8.61x 107 327x10%

M2 2 B, 3T DA AR AL, AR P EA AR TR R L. hE 3 aTBLEH, 1
4 AR BOR P FE A, OIS T VR A R SRR vy 4 32 PP UG Bl 2 U R RN R UL, TR
Hf DS REL (ERYERT 2L RERE, (B =Y RO B IR, SRR TR C IR 2 e
(R R E U7 R F ARG RN A, (ot B S AR BE Tk 3 1077, 7EXT ik e SRt
BEPEAANSFEN R BRI MWL RS REY], ERBGYERET A, ASCrh S P RE R A A R
eI tkRe, RARIFRERE.

4. PID ¥k
41. BEHHELREBRE

AU T E R AR ZE R BREE N IR, AR S A B R ey A5 S oS B AR
s W 3ASEL MTHEMPID EHESSHK, « K Ky AN RHRIE AN

) 1 de(t)
u(t)=K, {e(t)ju?i.[e(t)dde ot } (8)
RN (4% 3285 PR RN -
1 K,
6(s)= K, {“FTDS}:KP*?*KDS ©

A u(t) BRI RGMHRE: K, AEEISEILOIE 7 K OGRS E T K A8 E 1.
T, R SR . K K RN TSEBU  u () A0, B AR i L R R
SOIERL PR SIL T PID #EH S50k, HEMRZ IR AR K, « K, K, &6 25, SER7
HIBEREIM, IWiEmRarEfvEeE. T ook 7B PID BHl4s e 2 iR, TS
ZIAFH B, SR REARILLE & M BEFR bR I UL 1 R G 22 5 I TRDAHEC R I RE R A, AN SCOgE U () Ffe £
o} i 25 AR 20 HE U (I TAE) 1 A3 o i R 4 [ 18] -

ITAE = [ “t]e(t)|dt (10)
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Figure 2. PID control system structure of improved PSO
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Table 4. PID control parameters under the two methods
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Figure 3. Simulation comparison of algorithm
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e S FEE R R BT ) SR R

Table 5. Comparison results of performance indicators
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Figure 4. Comparison of tuning results between standard particle swarm optimization and improved particle swarm optimization
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