CRVETRE R 2/ M Fx % W Vol. 47 No. 1
2026 4E 1 H Chinese Journal of Scientific Instrument Jan. 2026

DOLI: 10. 19650/]j. cnki. ¢jsi. J2514617

T QA-SSA-EARF WiAT R & TR ZFIZCHT 7%

P, KA B A, IA KRR
(R Tl R2AFREHLEDF 5B FE Rt 210009)

& E L SRR TAES R T B AT T 2 sl 2, (A R A R R TO0 R % 23 2 REERE B, T30t
T TR R B2 S W LIz b MERE T I, St 48 T — M TR B R R AL (QASSA) 5
Bk F IS N REALAR AR (EARE ) BEBUARES & (I 1 2 T oL BE /282 Wi vk . Jird EARF 804 |1 35 N BEALZR AR ( ARF ) 45225
FEA b BT AP RYRALE] A 2R R RS0 B BT R BTN  IF sh A1 sk gt /> ARF BERUAG T
i R R SIS WK BE s T ALY H3E N RE T, BFXT EART BEALE 2 500k UL AL RO MERT, 5231 T —Ff QA-
SSA fAbF: M i AL GERRE T R ITIE (SSA) FBI AR TFAT N SR 2L S 3 BERNE 185 T A 7E S 48 S 402 ) 18 R 4L
REEEBE, 55, PSR E B S8 RS RGN e R JRAAF 3 A T o0 T X iR 6 25k
FE AT T RRIR I L, A5 AR R A QA-SSA-EARF #5817 vt 8 — T 00 F Y2322 Wi Rk 2 97. 47% , A Ak s
FIBENLARAR (RF) BEEUFD ARF BB 0545 T 9. 65% Fll 3. 64% ; 22 T T (929432512 W e i SR 35 5] 93. 12% , B Al 9 e
R IR T 2. 59% F1 8. 9% , Fu /il T4 A TE £ T.OUM B2 W T 45 H A A stk S8tk

SRR ;T IR BREIS T R A R BB 5 I N LR ; S E AL

FE 4SS THS6 TP206 CRKPRIRAD . A E R trEFR 4 RN 460. 40

An improved QA-SSA-EARF method for multi-operating condition
fault diagnosis of control valves
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Abstract: In practical applications, control valves are often operated under multiple control modes, causing the same fault in valves to
exhibit distinct characteristic information under different control conditions. This makes the machine learning based diagnostic models
trained by a single-condition dataset difficult to generalize and leads to performance degradation. To address this problem, a multi-
condition fault classification method is proposed in this article by combining the quantum attention-based sparrow search algorithm ( QA-
SSA) with an elastic adaptive random forest (EARF) model. The proposed EARF model is formulated on the adaptive random forest
(ARF). By introducing a two-level decision mechanism, optimizing the placement of the global drift detector, implementing a local
pruning strategy, and dynamically adjusting the number of trees, EARF reduces the computational cost of ARF, improves the modeling
efficiency and diagnostic accuracy, and enhances the adaptability to variant operating conditions. To optimize the coupled
hyperparameters of EARF model, QA-SSA optimization algorithm is designed by introducing quantum behavior and a Boltzmann selection
strategy into the traditional SSA. The algorithm improves the searching efficiency and robustness in high-dimensional hyperparameter
spaces. Finally, simulative experiments are implemented on the electric control valve fluid control system in our laboratory to evaluate
the proposed method classifying six types of faults under flow, pressure, and level control conditions. The results show that the proposed
QA-SSA-EARF method achieves a classification accuracy 97. 47% under a single condition case, which is 9.65% and 3. 64% higher
than the optimized random forest and ARF models, respectively. In a multi-condition case, the average classification accuracy is

93.12% by the proposed method, which is 2.59% and 8.9% more than the other two methods. Therefore, the effectiveness and
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robustness of the proposed approach are verified for fault diagnosis tasks in multi-operating conditions.

Keywords : control valve; fault diagnosis; sparrow search algorithm; adaptive random forest; hyperparameter optimization
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Table 4 Observed ranges of monitored signals under three

conditions during the experiment

WEES  EAES O WAiES PUrsR
Pl T80 AL X ] X AEfRIXE RARKIX

/(L-h™") /kPa /em [i]/mA
bikse il 830~970 19~22 21~27 13~19
JE 4 780~ 850 17~19 17~21 8~13
TR 600~700 13~16 12~17 4~8

73 B P 3 T AR TR A 30% 5 60% B 2 Fl A [ FRRE
BA3 SE ACRRE ) R i A T A 4 Ak 1 i e s (3 A T O



118 & L £ ¥ W

47

FFIE AL SRR ) S0 30 2he 5 1) FH A% B 28 1 DU
- £ S R AR R T IS AT R A R R T A
HL P T F I S S U 5 B

AR SR S A AR ] T 00T A 2R B R SR K
4720 min, J#it NI PXIe-1092 EHL 5B ERHE-REWR R,
FTF LabVIEW JF A& TR BRI 22 50 56 A R 4R
SKAEFM 100 Hz, 7EARELAE TOUBURSE S , MK S8 EdE 1)
BIRERIRE B AE AN T R A A BRI R
FKIEH 400 PREES (R 4 s BHK) JCE B ShE FF
SR P EARAE R o A FEA Beds X B REA T 51, Xt
FAEARR SRBCH I MR E 25 FnifE 22 WE(E e i S
VERI IR, SRIBCH T 00 335 R 5 -5 33 O 52 S5 A SR At
FHIE, d5a KR AR E AR AR R 42 7 < 300 LB 43 M DI 25

B 5 705 T2 Wi B R I 25 55 PR RE DA
4.2 B—TRHNEIE

R TR 2 W AR B — T T B PERE, 1l
PR B T AL T IR S5 MR i3S A e B AT
% B R A S A R R L K e — MR U7 125, 1
HEY AR OO RE AR AR . S S TR LR
H (random forest, RF) \ARF EARF HHR. A2 QA-SSA {1
B ZHUS ) RF ARF 5 EARF 45 6 FiUA [A) 12 Wik 2
HEAT T X LI R SE S . SR 45 R PR REPE M AR ARk 5
FR 42 QA-SSA BEALAL I J5 3 RS Wi AU ) £ 43 2%
Z i # T VERF1E B 8 (receiver operating characteristic
curve, ROC k) A&l 5 frzs 6 Fifse 51 ATl AE 75 21 /Y
IR NE 6 fis

®S5 6 MSERERITMIERER

Table 5 Evaluation metrics for six models
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Table 6 Metric results of diagnostic models under different operating conditions

T IR SIS HER R % F1 550 % Kz % HmlZ/% WA 2 Wi/ ms
QA-SSA-RF 84.24 84.25 84.55 84.23 51.88
JE S QA-SSA-ARF 90. 54 90. 59 90. 82 90. 54 93.24
QA-SSA-EARF 93.12 93. 14 93.27 93.13 70.19
QA-SSA-RF 79. 14 79.30 80. 12 79.04 51.91
AV 32 QA-SSA-ARF 86.29 86. 42 86.91 86. 52 93.18
QA-SSA-EARF 91.43 91. 44 91.78 91.42 70. 05
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Fig.7 Average accuracy of fault classification under multiple operating conditions
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