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Figure 8 Scatter plots of Example 1 and Example 2

e L3R P AR B0 T K o3 A 2 A R E | BE
& P07 22 FE B R 1 8 i fa) 5 R AR AL i R R O
] 23 R AR R AR AL, B 1 — S AR e Y T 25 HE
1115 55 — A~ 78 1) T 22 08020 5 i i) 2 Hp A A R
R AN MO RY IR (K7 N (S [0 2 S )
JLER IR AR D B, 3R WK B0 o3 A 1 O 1) kR
Tk,

43 5 Fe /N J7 238 AR AT Chi-square 48 b1 % X #
)T HEATEREVPAG , BR f i F, AR 1 SR R e
F, BAECE PPN A9 R e WPAG SR 3k 4,

x4 BHHAEEEEGHEREMTHIXNITGHER
Table 4 Output covariance matrix evaluated with

the same trace and determinant

e eyt 1 1l 2

/N A8 bR 1.0 1.0
Chi-square 15 ¥ 0.887 7 0.449 7

R 2 h &, MIMO =l R ERE i L T &
FEAL B By 22 R 1 7 AL EDAR N A
I /NJT ZE AR AR A BE S W S B o0 A B AR SRR AE Y
AL, UL TE 270 B R G v RE VT AN B R R
1M Chi-square 8§ ¥5 5 1% 48 5 T3 0 48 A5 AH L 5 47 Hb
IR T 8 ag A4k, B UE T Chi-square $8 #5
TEZ2 78 i RGN R OLT 1A Sk .

4.3.2 ARG A

AR AE A7 O AR 2 R = A U A ) &R
g5, BAEVPAN R G g 2 () (Y AR VR R 5% W 4 in g
P g ERE R 22 4L

= AU 22 e o A

y(k)=T(z""Yu(k) + N(za(k), (40)
Horb T R0 N 53 5 9 730 AL 3044 16 ok 8500 15

2 K,z 0.2:
B 1-0.427" 1-0.1z7" 1-0.5z"
T(z )=
0.7z7" 277 0.8z
1-0.2z2" 1-0.8"" 1-0.7z"
1 - 0.6z
» 1-0.5" 1-0.5"
N(z)= .
0.5z 1
1-0.52" 1-0.52"
(41)
(el SECE I E |
(0.5 - 0.227" ]
— 0
1 -0.5z
0.25 - 0.2z
)= 0 —_—
o 1 -0.25:77
0.6 -0.1z" 0.6 -0.1z"
L 1 -z 1 -z J
(42)

K, A0 2540 E] 10, FH LA BS54 [l s 22 (]
AR EAE .
MRAE T3 s HAEE D

-0.8192z -0.573 5z
D = 2 5 o (43)
-0.573 52 0.819 2z
F T S RE IR B B AR Y,
1+0.047:7" -06-0.336"
= a,. (44)
0.5-0067 Iz 1+0.476 5"

HY T AR 3C 3 BB 5 A e 3 AR G R PR RE VR A
SR IR LA ARG B T (A M, K, M0 224k
2 10, RGP 5 1 MATLAB fjf 545 ff
3 000 EHE HEA T B /N DT 245855 5 Chi-square
e br, & B B REZE AL I 9 51 10 s

2 W 75 Ay A e S M N RR ME 5 S PR AN
PR s 20 A1, O ELBEE K, B9 AN W O, 52 Bk
Hh 5 R v A S AN W) B A 22 S
SR A R AR E] TAnE 10 B B9 Chi-square 38 bR
PEREA AL B/ N T3 22 48 B AU T B J7 26 76 ¥ 1Y)
WS BOT AL 45 3R O Je e R e B E T Chi-
square FEFRVEAL AR S 2 A8 1 R Gl AT,

5 g

AR SO AR T AR R R SR BE VA 5 1 O
FE, N R MR 1 AR R A E S EORRIA T ST A
BRESL I SRR T R B 22 3 Rl M A AL 8 K



K455 , % . J T Chi-square B F 25 8745 6l R 48 1 AE PEAL

8 - B
4 .
2
=0
2
-4
-6
6
4
2
=0
-2
-4
o 0 5 R 0 5
Y Yy
(¢) K, ;=6 (d)K,,=10
9 K,H 03 10 & =E
Figure 9 Scatter plot of K, from 0 to 10
0.6
— BN ERR
Lo - = = Chi-squarefg #%
B 10 = ARNHREFZFMERSE T 8T E

Figure 10 Comparative performance evaluation of

three-input-two-output systems under weber noise
L BER S RO 0 1 I (E HL R ARUROT 2 E AR
73.4% , X Chi-square B B Jo 5 09 55 55 % HIE 5
HATEGHSR T Chi-square f8 45, IFE B R R G
i B UE T, 25 8 B E AR R PRAL 25 R iR
NIRRT 0. 27 2247 5 Rl I AE 248 f5 R 48 v fig
% 2 1 1) 78 8 2 1] i R S 1, DT AT 45 PR A
B0 20 2 o A P M, 5 A R e 2 R O R,
B A BT 23 18] B9 A R A AR/ | DT 52 0 fi 24 114
WAL 25 R 3k — R BRI T AT 5 SR AWM

SR

[1] Lu Yu. Application of performance monitoring of control
loop in improving digitalization and intelligence of plant
production [ J ]. Petrochemical Industry Technology,

2024, 31(5) : 238-240. [ JEFH. F& i | H: g Wi 78

PR EA TR T B R LR )], A

A, 2024, 31(5); 238-240. ]

[2]

[3]

[4]

[8]

[10]

[12]

Zhang Jinfang, Zhou Yulong, Wang Tongyu, et al. Per-
formance evaluation of cascade non-Gaussian systems
based on image processing index[ J]. Journal of Zheng-
zhou University ( Engineering Science) , 2025, 46(2) .
75-81. [sk&d7, ATk, TEW, %. EFERGL
FRHEAR I B AR T R M REIT AR [ 1], AN R 22
W (T2, 2025, 46(2): 75-81. ]

Zhang Jinfang, Wu Di. Performance assessment of non-
Gaussian control systems based on mixture correntropy
[J]. Entropy, 2019, 21(11) . 1069.

Shan Gangsheng, Wang Zhiguo, Liu Fei. PID parameters
optimization based on Hurst index[ J]. Control and In-
struments in Chemical Industry, 2023, 50 (2): 158 -
le4. [y, EKE, X%, BT Hurst T840 PID
ERSHEMAA]]. LT A3 XALR, 2023, 50
(2): 158-164. ]

Wang Yinsong, Ma Pingyan. A performance evaluation
method of MIMO system based on improved Mahalanobis
distance[ J]. China Measurement & Test, 2020, 46(6) :
101-107. [ EEIHY, D, —Fhe T ko ik 0 [T R &
B MIMO R ZEMERETFAN T IL ()], s EWL, 2020, 46
(6): 101-107. ]

Zhang Jianhua, Jiang Man, Chen J. Minimum entropy-
based performance assessment of feedback control loops
subjected to non-Gaussian disturbances [ J]. Journal of
Process Control, 2014, 24(11): 1660-1670.

Zhang Qian, Wang Yagang, Lee F F, et al. Performance
assessment of cascade control system with non-Gaussian
disturbance based on minimum entropy [ J ].

2019, 11(3) : 379.

Symmetry,

Ren Mifeng, Zhang Wen, Chen J, et al. Performance as-
sessment for non-Gaussian systems by minimum entropy
control and dynamic data reconciliation [ J]. Journal of
the Franklin Institute, 2022, 359(8) . 3930-3950.
Huang Guodou, Zhang Jinfang, Huang Junxiong, et al.
Bhattacharyya coefficient-based performance assessment
for non-Gaussian stochastic systems[ J]. Computer Simu-
lation, 2023, 40(6) : 327-332. [T, K4, B
R, S5, BT O IR R Bk w3 B B AR 50 M R VR Al
[J]. H3HLOTH, 2023, 40(6) : 327-332. ]

Ren Haiping, Xiao Shixiao, Zhou Hui. A Chi-square dis-
tance-based similarity measure of single-valued neutro-
sophic set and applications [ J]. International Journal of
Computers Communications & Control, 2019, 14 (1)
78-89.

Wang Fucheng, Lee C H. Hybrid disturbance response
decoupling for multivariable systems[J]. IEEE Transac-
tions on Automatic Control, 2024, 69(10) ; 7277-7284.
Huang Guodou, Zhang Jinfang, Lu Jiahui, et al. Mini-



MK 2l (0 2 R

mum entropy criterion-based performance assessment of Gaussian systems control performance assessment based
non-Gaussian cascade control loop[ J]. Control Engineer- on rational entropy[ J]. Entropy, 2018, 20(5): 331.
ing of China, 2024, 31(8): 1436-1444. [ #HE &, ik [14] Ren Shaohui, Sun Tao, Yu Qingrui, et al. ASPSO: an
&5, PR, SF. SN R UE YR = T R gl ml adaptive acceleration coefficient particle swarm optimiza-
BETEREVEAL [J]. @ TR, 2024, 31(8): 1436- tion algorithm with sigmoid inertia weight [ J]. Cluster
1444. ] Computing, 2025, 28(14) . 882.

[13] Zhou Jinglin, Jia Yiqing, Jiang Huixia, et al. Non-

Performance Assessment of Non-Gaussian Control Systems Based on Chi-square

ZHANG Jinfang', QIAO Beibei'’

(1. School of Control and Computer Engineering, North China Electric Power University, Beijing 102206, China; 2.
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Abstract; A study was conducted to address the shift-invariance defect of entropy-based indices and the unbound-
edness problem of the chi-square statistic in evaluating the performance of non-Gaussian control systems. A Chi-
square-based performance index was proposed, and the particle swarm optimization algorithm was enhanced with an
elite-population strategy to enable faster and more accurate estimation of the benchmark output by identifying un-
known system parameters and the probability density functions of disturbance noise; the benchmark output was sub-
sequently computed using feedback invariants. The proposed index assessed system performance by calculating the
Chi-square distance between the benchmark and actual output distributions, effectively mitigating the drawbacks of
entropy indices, including large data requirements, long computation time, and sensitivity to mean shifts. Simula-
tion studies conducted on univariate and multivariate systems under different noise conditions showed that the identi-
fied parameters were closer to the true values and that the required number of iterations decreased by an average of
73.4%. In multivariate scenarios where covariance matrices shared the same trace, the minimum-variance index
was unable to differentiate among distributional states, whereas the Chi-square index provided significant discrimi-
nation (from 0. 89 to 0.45) , demonstrating its higher evaluation accuracy, greater sensitivity, and broader applica-
bility.

Keywords: non-gaussian systems; chi-square index; performance assessment; parameter identification





