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Abstract: Considering the problem that element component content in the praseodymium/neodymium (Pr/Nd) extrac-
tion process is difficult to detect accurately online, an improved just-in-time learning algorithm is used to build prediction
model of the element component content. In the meantime, the weighted similarity criterion and updating strategy of local
models are introduced into this algorithm. Firstly, In view of the fact that the correlation between input and output variables
of the database are different in the learning set of the just-in-time learning algorithm, the similarity criterion of mutual in-
formation weight is lead up to select the modeling neighborhood, which ensures the rationality of algorithm’s learning set.
Then, least squares support vector machine (LSSVM) is adopted as the local model of JITL algorithm. Secondly, the model
update strategy consisted of similarity threshold updates and database updates is used to correct LSSVM local model, so as
to enhance the performance of real-time and self-adaption for the component content model. Finally, The simulation results
through Pr/Nd extraction field data show that the model has high precision and performance of real-time is excellent. This
method is suitable for rapid estimation of element content in rare earth extraction production sites.
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1 8 -1 A fE—58 i (hue-saturation-intensity, HSI)
PR (] S BUH 73 B4R B REAE, R /s — 3fei:
AHS G RESHEZMPIREOCR, RS T
BT R A A S B I B P SCHER (81K H FE %
I3 3 Wi AE HSTE 25 8] HR 2 25 B 7 X 41 00
=R, ERGEI K IIH, SEHIE & AEE N
Fi N, IR B/ 3R 3 HF IR B L (least squares sup-
port vector machine, LSSVM) & 8%/t R 7 &&=
A SR TRINAR AL, SRR (9] DA /8 5 i A (I HL S, 143
BB AR B R SN, BRI iR /) = 3 SCHE )
&l (weighted least squares support vector machine,
WLSSVM) #7240 7 s Pl A, Sl 1 B/ on &
2H 4y B TR BE e T, IR 3Fh i & 7 VA3 N
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BN A SL s B L AUy & rh, B AR Tl
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W, N BINBE TR SR I RE IR T, e
SIS bR R I R 4. STk [15 PR AR fEAH DG 1 5
B RIS 2 5] B2 AR AL B AE I (1) - B30, R T
R AL IE 5 (selective catalytic reduction, SCR)ffit
T R G0 AL, FOUIUDRG B A S by M B8 i 2 K. STk
[16 B RFAE DA S M 5] N RIS 22 > Sy, W T ok
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BER LRI ) SR v DU

FEFE T RN 27 > S 1 30 2 @ A, PRIUFAR Y
TR R DB A YR 1R B VR 2 ST AR RN ST B 1)
JRy ER AR A U821 A 5 DA AR B B3 SR AR T Pr/N A R I
{%H(hue), S(saturation), I(intensity), RR(relative red)
FEi e K5 f (color vector angle, CVA) B AAFIE /> &
— P AEFINTT R 4 55 BN TRINASE 2 1) g s e e
KH K % 8481 (K —vector nearest neighbors, K—VNN)
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BN R AE, AL FLSSVM 1A E AR fE
oy S E TR, 25 T A H T R A AR, 5
N EH AFHARLFE 1504 5 307 AR 00 2 i 2 Rl Jmy T 52 Y o
B TRNE, BOE R EEAY DA 2 JEZR M R G ) S R A
BER . FZARRE FH B RS A O B M Ay 35
08, &5 BRI A S iR AR AER M AT S 35 A A
TIeRA S ERIFE K.
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HE ) AN, SR K—-VNN 7320 5 24 50 T SN
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B, FIEAWF:
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o XX M

Pk Xa) = o5 e
PLECHE 15 S ) §8 £ (exponential kernel) -5 ¥ £ 4%
SR 2 RG] A AL P 7 DU 1230 338 B X, 1 2 21 4, 4
AT L0 RN X, 5 D7 S B R N X, 2 [A) (R AR AL BE T

Q) PR
Sqi(Xia Xq) = (1 - )‘) COS[/B(Xiv Xq)] +

Ae~d(XiXq) 2

U A 7, EREUE R YA € [0, 1], MoK
P AL )1 P A K. ARLLE HE M R RR X 5 X
ARAURE E (TR AR 1 7 S i A\ X X A AR
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3 FEThnAUREACLEE HE ) i BB 2 5] Bk

TERETH P IRsh f e = @ Bt #E vh, by st ds
At N A A L AR R R AR DGR FE FEAS AR [,
IR 35 R B 27 57 B39 2 =) SE I i 7 25 JE AR &
AEIMERI 2. BLAS B AT OS5 N i H AR
T [ AH O B SR AT B % A i 2 B R AH S, Rz AH OGS
SR RIS 2 ) B SISk B, DO BCS FT
TS R R AR AT A, T AR R (1) FU A
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Fig. 1 Example of determining the €;4, 1z, 4, ny; value in mu-
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Fig. 2 Modeling flow chart based on improved just-in-time learning algorithm
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SE M LA™ S i ) E 3, A SR R
T ER R ARG R OGRS T R AL S B
A e LI B T 228 Rk i . BT
B A 7= TR B RIS AN AN [F], B UG KR
BE o 2 SR, 20 AU SRR T e AR B
oM, 54k, A ML BRI RS iR R AR At 2 5
R LR AR AR L. H a6 - 2B FE2H 7
B E P A E AR ARES, U Tk
AR AR B B 2R AR O] B TC VI N 1) L3 AT HER
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T e e SRk RIS 2 o) BVEAERG L AR HUS FRAH
Gy O BRSO TR 1 R, DAVL PG A LA A
[FIPr/NAAEH 3 B A Pl B S0 R, 7 S e 1
AU G R T 73 FH i 22 B 2 AR A 5 T AR AR
Z, MPr/NAAE B 26 1) 1R & 18 4 b R AR 85I HE AR TR
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T & R AY A 1E1.8%~99.965%, K F WL 23 AL 5
TR BOR A ¥ R E GO BOA I EHMER H, S, T
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i=1,2,--- 85 BIVBESRHE S B S5NAT R4 5
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TE G IR AT L S50 v ik B 702 504 A N il 2548,
P4 15 H A A T3k 4 707 & T s
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ZRSEE(8) F A 0) TH LA 4an A A HH AL R a] (1
HAG B5XNACE, tHES Rz AR, HHNd
RO E SHMCVAZ 7 B AR EEROR, 14y
B 5H 5 BB f/ N, X785 Ul B AN [
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A AT S5 A AH R 7 g sk B 1R, 4y R
JSERY L E L W vik WO B a7 Wl o 4 N 5 S 1 =
HLLSSVM) A Ry HAS BB/ 3 SCRf1m)
B HPLMI-LSSVM) 4 Jmy B A | 5 T % 4t B i 27 )
(just-in-time learning, JITL) i) £z /> — 3¢ 3 £F [7] &

WLATTL-LSSVM). J& 4% 4 Rl i) 2 2] i) B35 B
B /N 3 SCFE M B LMI-JITL-LSS VM) Al 2 T
ALY B SR RV 7 >3 B0 (%) HLAS B B/ —3fe
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TR URIE T 276 SR (81, AR5 N\ 2 HAISE Ry
TIE 73 5y J7 VK292 R 225 STHR (911 ek, A2 i N
SEH, STIEERHIE /3 5, 9 1 U5 A4S R s
BB T R dEAT LB, A AL R FH BLAS 2 AL
J7 I, JTIE3 R A ST /IR U7k, B2 T4
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ITVE, SIN T AT BAE AL RE DAL ) RIS 27 =)
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T f8 %5 SCHR [31] H0 256 % LU Af 2, HX10, 0BR0.9,
AX0.66, 55 HX0.8. 47 FL A4 5 L34, AL

ISR 2R,

K1 EMANEEAmE TR LG EARE
Table 1 Mutual information and weight between each
input variable and output variable

WMALE  Ml(zg,y) MEwy
H 2.6528 0.2590

S 1.6377 0.1599

| 1.3704 0.1338

RR 1.9005 0.1856
CVA 2.6791 0.2616

&2 HmEARAAR
Table 2 Soft measurement model parameters

WEISH J5ikl g2 J53 74 7S

Ny 59405 14106 — @ — @ —
o 01582 00056 — @ —  —
A — 066 066 066 0.66
j - - - 10
5 - - = 09
wy — 04684 — 02590 0.2590
ws — 02951 — 0.1599 0.1599
wr — 02365 — 0.1338 0.1338
WRR —  —  — 0.1856 0.1856
wovs  —  —  — 02616 02616

B 3 5P A A 7 v T A -5 e B A 1 56 L I,
ALK AL & Bl B4 SRR T i TN E 5
TIGAE 2 [RIARXHR ZE, hALFR AN IR 22 E A L.
N T R LA A 25 R 5, LA(13)F
PIRXT IR ZE(MEANRE) 2(14) 5 KA X 1R 25 (MA-
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XRE) F15 (15) #J 77 R 2 Z (root mean square error,
RMSE)3/M iz ZE T s B AU eI FE AR, 3%
AN RE TR bR A R

L& |yi — i
MEANRE = L 3 (=31 1000), 13)
=1 Yi
MAXRE = max(w % 100%),  (14)
Yi

S|

RMSE = \/W: (15)

X g AREANOT R A S ENHE, 9,858
AINdIT R A & 2B H T, nf e LS.
& 3 BN AR RN K AR 4 R LA
Table 3 Comparisons of soft-sensing test perfor-
mance

1EfE48E MEANRE/% MAXRE/% RMSE 21T M d/s

Tk 1.2184 5.6083 0.01838  0.5210
J7iE2 0.9938 5.1726  0.01699  0.5830
T3 0.9463 42189 0.01544  5.2720
k4 0.7491 4.1462  0.01255  5.3640
kS 0.7816 32670 0.01148  2.0150

HH 13-4 J 323 0] LIS DL R 41

1) J5 32520 v 43 5 5 UM A 2 g - 25 A X i
7 i KA R 22 F 38 J7 iR R 22 43 51l 90.7816%,
3.2670%#10.01148, 3 M RE FR AR 00 T J7 %
1-3; T 7 L4035 AH R 22 5/, JR IR & 12 75 1k
) JR AR — BLAL T SRS, MEEFERT aT L
F L, 74 B FE S AN P2 A R
DRI, ASCER V5 A ke Fabr i

2) X PLAELR JR AR A 7 V3 5 iEA ) Re 4R
PRI, 75K AT BXT AN N E T AR
5 A R v Y TR B, GAE S T 78 A O T A
RTINS P 520 ;

3) AR A& A R A T 2 SR A R
BT VEAR O 14 e e Aw, B T A ST R4 1
RR, CVAZI 53 A E AR AL N, FETOIIRS B 4
K¥trm, HHR 1A RN IS B(EHRY, RRM
CVAZ a5y B 1 5 A KR,

4) WEIERER T, BT AR k12
A ST — IR TR AR Y, K] b BT 75 3 SR [R) B e, 12
Rl H 8 T B 571, 2B T G 25 PGS
RUTRIRE B, PUBCASC TR I3 FPAE LR A% 7V, 7
V55 T E A Y BT SRS, ek /N AR Y B R L
BETAEHE 1 A (], 75 38 B A [R5 H T 750 R il
MICRA D S EMETEE T, BeiAT R M s A st

PE.

2R b, X LRI E L A R A T 1L 1 2 4L TR
AR 7 V3-S5 ) T PR RE FE AR, 7E 26 SR E AR 1Y T
D BEFE b Ak T, T B 3E B T30 AR Ak (R E 28
BTV RENS A SR R TR LS B R TS
J5E 5 AE 2R JR) SR AR TR T 23S TIAE 5 4k 56 AR P A %sF
R ZELENHE L INT 5%, #OIRE] T #HZEEUE P2
(R FH R, REfS ST o0 3 4 25 = 1 s e
BTN, FL A AR SCHR H I 725 (MI-STITL-LSS VM
B T 51N 7 B B S, A SRR IR TG R
AN AR IR A
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Fig. 3 Output result of component content soft-sensing model
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