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Prediction of Pr/Nd component content based on improved GRA-just-in-
time learning algorithm

LU Rong-xiu™*', DENG Biao"?, YANG Hui'?, ZHU Jian-yong"?, YANG Gang'?, DAI Wen-hao'+

(1. School 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 problems of off-line, large time delay, and weak anti-interference ability of existing rare earth
element component content models, an improved GRA-just-in-time learning algorithm (GRA-JITL-LSSVM) is
proposed to establish an online component content detection model for the rare earth extraction process. Firstly, the grey
relational analysis (GRA) method is used to analyze the changing trend and correlation degree between input and output
variables, and the hash table is used to determine the size of the learning set to ensure the integrity of the data similarity
information and the rationality of the learning set. Based on this, the least squares support vector machine (LSSVM)
model is established, and the database update criterion is introduced to improve the anti-interference ability of the
model. Secondly, in order to ensure the global optimization of GRA-JITL-LSSVM model parameters, a genetic
algorithm with a stagnation backtracking strategy (SBS-GA) is proposed, and the convergence of the SBS-GA is
analyzed and verified. Finally, the simulation experiment is carried out based on Pr / Nd extraction field data. The
results show that the proposed SBS-GA can ensure the global solution of the optimization parameters. The proposed
GRA-JITL-LSSVM has high real-time performance and good prediction accuracy, which can be used for the online
detection of the element component content in the production site of the rare earth extraction.

Keywords: grey correlation analysis; just-in-time learning; Hash table; component content; prediction; stagnation
backtracking strategy; GA
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PR A 20 IR, 45 RN 3 s, AT A 1) SKRHTT
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F=1 ZIERH
PR PRAERIA #F(D) HUENERE  2RmME
M, M;(z) = —20exp [ _Lit ED: :1:2] — exp [1 zD: 005(27193)] +20+e 3 [—32,32] 0
' ! 5 n i=1 ' n =1 7
1 D ) D z;
M, My (@) = oo Z:;a: - gcos ($> +1 3 [-32,32) 0
x2 BSHRE [ A% HvE TR RE 77 S .
BHALTR (1) pREfiESL SBS-GA 3 A4S ETMEERLGESLY
Eﬁgiﬁfﬁ 5‘3]0 52" H A, B — 5 T R R E T 2 3 2R A R A
A . s e e " —
2 0.6 0.6 2% R Y 7 21 R v R S % A R A R R T
fgﬁir Of? Oi(;l RASEER A, 2 L FEAEDULE T 2581
A 3 3 AR, AT E 0 B Al o T R 4 R
f”ﬁ‘;ﬁ:g * 3 AT B2 RAE . SEI0 = A58 FPIRAS, R e A ST 5T
ERGHERT * 20 — R N N ~ —
{22 N 2 A * 0.72 K FH o503k 1) GRA-RI B 257 5] By 3 Lot < 4 4y
s [ 90T 28 S5 AR * 0.07 BB AE LG I A A
=3 ZIERBMHERIEER 31 BIERESLE
EH PR ik Jrik2 Kl 4 2 Pr/Nd A HUAE P2 28, % 2 55 1 440\ P507
BRIEZE 25651 x 10°2  6.1283 x 102 FEEUR, B n M N PY/NA IR SRR, BB n + m B

M, BRAXIRZE  1.0417 x 1072 8.2130 x 1073
BN xR ZE 8.8818 x 10716 8.8818 x 10716

1.7864 x 1073
4.8058 x 1073
6.3511 x 10~°¢

WIriiE%  3.2538 x 1073
M, SKHXHEZE 11173 x 1072
F/NARTRZE  1.3394 x 1074
X My BREGHAT SRS R 7 2 SR BN
LR 22100 8.881 8 x 1010 {H 7% 1 15 F 13 T AR
TR ZE AR T VR 2 (I 465, HLE SR 20 KBS LR,
T B B RS R 228 1.0417 x 1072, 1 7152
N8.2130x1073;2) K J7 ik 1 5t My, o ¥ -1 15 2
R B /N X R 72 1.339 4 104, T K FH v 2 4K
B/ NI IR 22 6.351 11076, f Al 40, 77k 1
TR B /N R 22 8 T 2 1 20 i, IF HLAETE S
20 RGO, J5iE 1A BRI T IR 22 . SR 4t
X 1R 22 35 8 T 2 BT 2 .
Lk & FTIR, 1 []  SE R )aAL BE AR T

HCL Be& 77, it 2 4k W05, 5 1 JUIG 15 2R3
BB, B + m SR BB, B TWEE O E
B 5 4535 B B VAR O 3 UK, SO 7t 26 BORE
FHIE S 450 Er 2 M PR R 2 AT, BB 4 Fosii
2 BT 1) Pr/Nd ZEBU™ 28 R AEAN [F) oL T 85 A
BUBRE AR, 220 B9 2 AL 50 SR U N 41 53 2 B A R S B
FRUEARE, 53 A 7E 1.8 % ~ 99.965 % 2 [H].

YT PN RO WA A & T HRAESUE, R A
MRS D A 2 BV i AR B R AL, 75 21 Re (1)
Gr (&%)~ BI(#) = FEUERFAE, % FE £ Hu (f13/). Sa
(LRI FE) In (58 B 4220 N\ HELK P €2 7 J i, RR[22)
(FHXTLL 7 ). RG (AHXT 2R 177 5). RB (FH AT 5
0 &) Re S A JOH BRGS0, 38 = RS
CVAR(Fita ok & F1) B 0BG 5 7 A AN UK T
XoF 8, PR R R PR A A SRR B R A, TR K DA 10 B

—
P507
= i
— —
Vs § g g B & g
iy N
Pl
(8] F1H B kR BRI n WMeLmr PkB Batm
«— «— «— «—
HERRW eI

4 PUNAERSBEE~TZRE
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PR EE AR B R B LN X, =
{xtRm LtGry LtBly LtHus LtSas Ltlny LtRR s LtRGy LtRB) xtCVA}s
XF RN 4 5 By AR AR, R R
Shsi = {Si|Se = [Xp,yM], ¢t = 1,2,...,85}. Blik
W 70 ZH H50 40 1 v Bt ) GRA- RIS 22 3 S35 16 15 s
HOHE e, AR (1) 15 4H 5030 FH ok e B0 A5 110 o DU 12 e,
Hu.Sa.In.RR.RG.RB.CVA it &AW T:

0, Bl < Gr;
Hu = (22)
360° — 6, Bl > Gr.

3 min(Re, Gr, Bl)

=1- . 2
Sa Re + Gr + Bl 23)
In = w_ (24)

Re —Grey
RR = . 25
Grey 25)
RG = Jr—Grey. (26)
Grey
Bl —
RB = 31— Orey. 27)
Grey
CRe
CVA = arct ). 28
arctan ( o (28)

Hrp g = cos_l[ (Re — Gr) + (Re — BI) }’

2\/ (Re—Gr)* 4 (Re—BI)(Gr—BlI)
Grey NG IKEMH, Cre = 0.877(0.701Re—0.587Gr—
0.114B1),C = —0.493(—0.299Re — 0.587Gr +
0.886B1). K I 5 — 1k 4b B2 BT A5 504, ¥ Bk 204 2 18]
Hi R K R IR, SR R AR =X (1) ~ (3) B e 2
5 27 o 5 A 2 T ) K 8 G IR B R ALV BE, AR
i3 (4)« (5) AN LG A R, DLORIE B v ff i
SEE B Sl = = g ARBRLIN Uit ek =3 AT SN
%
3.2 WS

H 55 1S FT A5, pa- po- ks IOERAE M RS TRUAS i
HUAE YE B4 10,17, 43 5 HL 025+ 0.50 0.75 4T 1)
TSI A6, PR R T T I X5 4 —HX 0.8. BEHLIE %
Shsi H 70 4LAE 9 7 52 O PE B, Tl 15 AR A
Kl F I Pl AR Z VR NP Fa AR, 25 SR a1k 4
Fiw. ] LG Y, 2 30UE 5 A5 3 S0 5 K AE R iR 22
S ARLRE, PR SBS-GA X Bk (1) GRA-EJ i 27
SIREEAT AL, SBS-GA 4N 3K 2 Fiow, A4k S5 11
S8 Np. =1, pp =1, ks = 0.8124.

2 58 B SCHR [8] 1 S8 &5 1 3 T 15 A BB SR
BV B 27 =] 925 () ELAS S IR B /s — e S ) &AL
(MI-SJITL-LSSVM) [ 1% G 48 An A T B /) 3R L F
) EE AL BLAS SN R /N 3R SCRF R AL B TR 4
BV 2 2] 1) e/ AR SRR A EE AL ik T G R B A

~ Yy >,
xR £390%
Fz 4 FRSHEERTUNMNHAETIRE
ks Pa P
0.25 0.50 0.75
0.25 4.9289 5.5485 6.2313
0.25 0.50 42917 52178 5.7370
0.75 4.1742 5.1414 5.6423
0.25 5.1893 4.1081 1.8728
0.50 0.50 48171 3.7373 2.0857
0.75 4.0711 47353 1.9756
0.25 42713 44462 3.9858
0.75 0.50 47163 4.7210 1.8618
0.75 4.7512 4.7506 1.7880

ST EAS A S /N — 3 SCH ) &AL, Rk, 152 H Y
SEG e B AR S5 25 5 MI-STITL-LSSVM #E47 14 g Eb
8, [ AE SCHR [8] i 2 it b K N AR & 1 S 2 { oo,
TiSas Tilns TeRR, Tecva b SNE] 10 4E X, % FH 5 K AH XS
®Z (MAXRE). ¥ 77 #R 1% 2 (RMSE) 24 g flif f A5
BRI HERPERR IR, THE A 58

Nd __ »Nd
MAXRE = max (w x100%),  (29)
Yti
1 & N2
RMSE = \l ~ > = (30)
=1

o NS ¢ 20 N TG ER IS AL IR AR, N Xt BE
(R TRMEL, n AR RE A Z 15,

FEAY 1 (SR [7] 77 45): k-VNN-JITL (10 4E); #%
B2 (TR [8] 77 9%): MI-SJITL-LSSVM (5 4k); #5174 3:
MI-SJITL-LSSVM (10 4E); 15 84 4: K AR AL 1) 2 i3 1)
GRA-B[V I 27 2] 550325 (5 4, B Y 5 AR AR AR 11 250t (1)
GRA-B I 27 2] 53 (10 4); B2 6: A A4k J5 1 5k (1
GRA-RIV B 2 2] 5355 (5 4, B 7 (AR SO AR IS
(1 S50 1) GRA- RIS 2% 3 5503 (10 4E); & B8 S 4
R SR, NS HE R 2 M.

x5 BRESY

AT () AR AR 2 R 3 A 4 MR S A 6 fRALT
L E PN 0.8 0.66 066 * * * *
B HBIA T s * 08 08 * * * *
DHEZEE pa * * * 08 0.8 1 1
SR py * * * 085 085 1 1
WA R IR ks * * * 079 0.79 0.81240.8124

* *

WAV AL X, 0.9

SR ST IR 2H J3 5 E AR 2R N 4K P R X 2 6 SR [
5 BT, 6 B RS SR04 RE FE AR W52 6 BT . 0 AT
SHER 6 1] A:

DXL S 53R 6 158 247 F1 28 6 47, K ek
) GRA- R I 27 2] 5503245 21 (1) dpe KA X 152 25 F13Y T
FR A% % H MI-SJITL-LSSVM J5 70 /b 1 2.202 4 % A1l
0.003 5, Ff H. 5 T I s 8] 47 76 9k 1>, BRI 1k ] LA

08 08 08 0.8
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MR A % AT 69 GRA-BP B 52 5] ok 0948 /e LA A2 465

H GRA J7 72 B FH 31 RIS 27 2] 03 A B MIT(ELAS )
Jiik T RE AT

)X S 5K 6 IR ER 24T ~ 58 747, R 10 4
A AR AR A O\ A5 380 RS AR T 5 KA %o 43 22 A
R A5 22 W 351 LR S 4 1 /08, 3% B 20 73 25 = il =
Y (%6 Bh AR B S 4RI D0 3 10 4 J5 , A AL T A5 R
LAY/

)X E S 53 6 ZE 44T ~ 58 74T, 0 LA STy
5 RAR AL I 503t i GRA-RITINF 2% 3 803, RMSE Al
AT N AV AH 22 A8 22, A d KR 0 3 22 1B 33 A7 AE Dk 2D,
Forp S 410 B K AR IR ZZ PEAK T 0.367 2 %, 10 4E (1) 5
AN 15 22 PR T 0.354 2 Y%, 35 B 25 3t A A 42 i [
SRS RIIBAE SRR AL i, 20 225 B T ASE Y fr G g g
—hEmE.

4) WIS 53R 6 5 14T B 34T FIEE 747, A
77725 k-VNN-JITL . MI-SJITL-LSSVM % L, ¥ 7kiz
ATIFIRIIITE 0.55 s 22 A5, A ZE 35/, 32 B IR EDGHT 450
HHE B01F H FIOIAE INF [R) B A, 5 J2 7 2R HUL 7 26 4y
R SCINEER, ORAIE AR T VR A S 2
ST 1) S IR, L R R X 358 2 A R TR 1 gkl T
2.989 7 Y%, FHXT T AL 39/ 1 2.099 5 %, RMSE Jik /s
70.008 4 A10.003 0. 7 B I & t 402k 1) GRA-RIL I 27
S RURAE 2 s A A i [ ) o s 1 T A% SRV A A S
Y 53 Er B TN ASE 2R () oAS B vy, HL SN PR AN 52 5.

FXTRZ S/ %
|

_3 L
X
75 1
0 5 10 15
WRFEA
-=%= 10 4 k-VNN-JITL --=- 10 4EAR A4 GRA-JITL-LSSVM
————— 5 % MI-SJITL-LSSVM -5 #iffifb GRA-JITL-LSSVM

%10 4 MI-SJITL-LSSVM ——10 444k GRA-JITL-LSSVM
—————— 5 YA GRA-JITL-LSSVM

E5 ®HEHSERDMBIREXLL
* 6 HREMEEEIER

PERETRIR % MAXRE/% RMSE HURIEATINA)/s
(il 10 42269  0.0152 0.5310
T 2 5 3.5973  0.0106 0.5610
TR 3 10 33367  0.0098 0.5720
T 4 5 1.7621  0.0074 0.5180
T 5 10 1.5914  0.0069 0.5760
i 6 5 1.3949  0.0071 0.5039
R 7 (ARCEE) 10 12372 0.0068 0.5758

23 PR, i Hh 2 Sk RV 5 2 S i 4L o)
T BT SR AT 152 0 [ ) SR ) 30 A B o
SR, RGO 1 2 RdE T L 2R U

(R 2H 735 F ST AN,
4 & @

iR RR AU SR E A I T R A
R, ASCHE T — Pl i GRA-BI B % ) B
TR AR T i SR FH K B SR I o AT VR RN Ay R
BV B 2% 27 By 2% ST 4R, IRV i) 5 g sk B 2 o T ok
WS, % i £H 43 Fr R A TR A A 1 N S . S
MI-SJITL-LSSVM 56 X} bh., 45 S22 8- 1) Aird H 7
EAEARAIE ST P (1 5] B, R 1 P A 0K 42 v 2) ae L
10N B R 43 B R 20 40 5 B TN ASE R 4l Bh AR B
2 A BRI, 3) SR BT B th B A 4 v [ B ) a
A B E TSR 1) GRA-EJV I 27 =) 035 5 8, W] A
RTINS BE 3t — D . k] i, T H O VR e
R 790 A8 A TR AR Y 3 A - A HUON A 4 4 i
For U S A | R PR LR, (AN T DLy HoAth 75 AR
LRI TS R IR 5%
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