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Prediction method of CePr/Nd component content based on hybrid virtual
sample

LU Rong-xiu™*', LAI Lu-lu*?, YANG Hui'?, ZHU Jian-yong" >

(1. College of Electrical and Automation, East China Jiaotong University, Nanchang 330013, China; 2. Key Laboratory
of Advanced Control and Optimization of Jiangxi Province, Nanchang 330013, China)

Abstract: Aiming at the small sample problem of high sample collection repetition rate and low effective data during
quality monitoring of rare earth extraction process, a method for predicting component content of rare earth extraction
process based on mixed virtual sample generation is proposed. First of all, based on the small sample extracted from
the field, the output data of the virtual sample are generated using the midpoint interpolation method. Then, the input
data of the virtual sample are generated according to the mapping relationship between the hidden layer of the stochastic
configuration network (SCN) and the output layer, the input layer and the hidden layer. In view of the limitation that the
virtual sample can only be generated at neighboring points, a multi-distribution trend diffusion technology (MD-MTD)
combined with the genetic algorithm (GA) is used to generate an optimized virtual sample set to supplement. According
to the principle of data rationality, the virtual sample and the real small sample are merged, and a component content
prediction model based on the SCN is established. Through the field data verification and comparative experimental
analysis of CePr/Nd extraction, the results show that the proposed method can effectively solve the problem of the small
sample, which is suitable for component content monitoring in the rare-earth extraction process.

Keywords: rare earth extraction; component content; stochastic configuration network; interpolation; megatrend
diffusion technique; virtual sample
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R3 CALWIELLERILR

LA EFEA%E MRE/%  RMSE
0 4.65 1.75

FFFRZE/ %
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Fr, BIMRE = 4.65 %, RMSE = 1.75, i B K FH f& 421
FEAR A B T 150 2 i s RO R A 2y A = (A
T T KE P A5 2K (1 % B S 2 St 4 st 5 )
01, R A ST i B s 4 7732 L SMOTE S0 A
JSCRE A A AR ASE B 0 CRS 2 B8 v, 0 T 4 o =
T B LA B o b S22, S 5 5 5208 6 1A 45
AT, SR VR B R ADURE A AR Jl 7 15 RS B 2
febri Ak, BIMRE = 2.84 %, RMSE = 0.38. ¥t #11R&
B RBFEARESOTVELR G IR T B/ EA I |
B A RE M, T DA e R AU AR AR TV A P e,
HA BTz iRe
423 ERESHT

NT U FE T SCN 448 AE Al 1) i SOURE A Ho A
SR AT P, 3 ZE ) T S5

SEUS 7 A8 5 S 1A IR I AR N R A,
53K SCNL SCHF A &AL (SVM). die/h e
f] & AL (LSSVM). I A &% /s — 3¢ 32 F 7] &2 #l
(WLSSVM) J5 7% g 37 41 4 & s A Y, 75 31 B FLRE A
A BT A5 AR TR (1 1 BE 4R b

SEEG 8 K SEG 1 R 1 61 AN H S AR
81N R R A KR R &, B AL 3 105 23 7 9l
SRPEA TR 37 HAHEAE M AR, 43 7K F SCN
SVM. LSSVM. WLSSVM J5 % i 17 S A5, X LhA5E 7Y
MR vERE TR bR, R AT /S, SCNI S HIR B 5
421 PRFF— 2, Hoth BB S50k B R 4 FroR, A
[ A8 7 v A B P B 45 SR 3R 5 s

Sy MRS T R R A AR BT, 2H 43 £ & SCN
FERY ()P e E T SVML. LSSVM AITWLSSVM ()40

T4 BIETENERERSERE

SVM LSSVM WLSSVM
R4
S R ] b b0 MR
c 4 4 — — —
g 0.5 1 — — —
¥ — — 330.1426 353.7557 199.457 342.7692
o — — 0.4371 0.5179 0.009 8 0.0136
Wy — — — 04181 0.4021
Ws — — — 0.396 5 0.368 8
Wi — — — 0.1854 0.229 1
my — — — 22776 2.3332
ms — — — 2.1600 2.1401
mr — — — 1.009 8 1.3294

®S5 BRI ERNESERNNREE

TEREAUREA HEFEA T 81
R
MRE/%  RMSE  MRE/%  RMSE
SCN 4.65 175 2.84 0.38
SVM 10.67 2.94 3.79 1.14
LSSVM 6.52 2.77 3.13 0.86
WLSSVM 5.35 222 343 0.88

> B I BE TR, 2 AR R 81 AN R LR A A, 541
g o AR I RE 25002 =, Ui B VR B R P A
N T SVMLLSSVM . WLSSVM £5 5 i g, t A L
SN CePr/NA 2H 73 = (1948 RLTi.

5 4 ®

AR ST Sh s e RE G R T AR LA /R AR ]
L $R T SCN K& &5 = 46 18 45 & GA f 44 MD-MTD
TITRA R TREAR AR 7 V25, SEIUA T3S AR 2H 70
BTN, AL FETAEARE: 1) T AT SCNER
B AT E A B PARE AR 75 1 2) 7E MD-MTD J7 7 5%
fith b, 3 T GA BEAR AL MD-MTD J5 1%, ¥4 i U
A 1 A R A e P R AUME AR SR I R, A5 A B R AL

FEAS AT RERT & U128 2 1), i DR KB SURE A SR (10 2™
38 3) K5 A IR B REAUREAS 73 3l A BV A R
3G L 3 AN TS I HEAT 0 M, R A = AU P B
RERHEFERE, S0k 1 AR T A RE IS A IR
FERS/INEA AN 45 S 1R B, 32 i B A A e 2 1
I PRAER - ZEHUEH 7325 B T AR A 1y m] S 1.
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