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Pellets drum index prediction based on Ivy League optimization
algorithm improvement and Gradient Boosting Decision Tree ( GBDT)

LU Fuzhen', LIU Piliang', CHEN Zhihui’, WANG Chaojie'
(1. College of Automation and Electrical Engineering, Inner Mongolia University of Science and Technology ,
Baotou 014010, Inner Mongolia, China;2. Rare Earth Steel Ironmaking Plant, Baogang Group,
Baotou 014000, Inner Mongolia, China)

Abstract; The drum index is a key indicator for evaluating pellets quality and is also the core regulatory object in the
production process. To address the issues of strong lag in traditional detection methods and poor control effectiveness, as
well as to achieve real-time and accurate forecasting of the quality of pellets, an ivy league optimization algorithm
(MIVYA_DE) that improves upon the conventional algorithm by incorporating a combination of Latin Hypercube Sampling
and Differential Evolution strategies is proposed. This algorithm addresses such shortcomings as uneven initial population
distribution and weak local search later on,introducing latin hypercube sampling (LHS) and differential evolution ( DE)
strategies , and effectively enhancing global optimization capability. Modeling and validation results based on field data show
that the proposed MIVYA_DE algorithm significantly improves prediction accuracy ; Among them,the gradient improvement
decision tree (GBDT) model coupled to this algorithm has the highest best-of-fit, with a determination coefficient (R*) of
0. 948 7. This study verified the engineering practicality and promotion value of the improved algorithm.
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Fig.1 Initial position information of the population
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Table 2 Performance comparison of optimization algorithms
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30 4 1.Ox10* 2.4x10* 9.5x10° 5.7x10° 6.2x10° 3.7x10° 7.1x10' 2.1x10* 9.5x10°
F1 50 4 1.2x10* 5.4x10> 2.7x107 3.7x10° 4.7x10° 4.4x107 7.4x10 4.9x10*> 2.7 x10’
10048 1.3x10° 6.8x10* 1.5x10° 6.9x10° 6.6x10*° 1.0x10° 3.5x10 6.8x10* 1.5x10°
30 4k 3.0x10° 8.9x10° 4.9x10* 4.9x10° 5.1x10° 6.6x10* 2.7x10> 8.8x10° 4.9 x10*
F3 50 4k 5.1x10° 5.8x10* 6.1x10* 8.9x10° 1.5x10* 3.5x10* 5.0x10° 5.8x10* 6.1x10*
100 4 1.1x10° 2.9x10° 3.2x10° 3.3x10* 2.4x10* 1.7x10° 1.0x10° 2.4x10° 3.2x10°
30 4k 9.0x10° 2.6x10° 4.9x10° 2.3x10° 8.4x10* 2.3x10° 8.7x10° 2.3x10° 4.9x10°
F9 50 4 9.0x10° 8.9x10° 1.6x10* 8.6x10 9.8x10*> 6.6x10° 8.5x10>° 8.9x10° 1.6x10*
100 4 9.2 x10* 2.2x10* 3.4x10° 4.9x10° 5.6x10* 1.4x10* 8.2x10° 2.2x10* 3.4x10*
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100 4 3.6x10° 3.6x10° 1.2x10° 3.3x10° 4.6x10° 2.0x10° 3.6x10* 3.6x10° 1.2x10°
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Fig.2 Convergence curve of the algorithm

WA 3 Frs,
T, ASCHEAE MIVYA_DE 7R AR R



2026 “EEE 3 W RERHR, &% BT HEMEOLILSE O 586 R R T U SRAR B BR B I g e B 95
o BB

o WEIm

B3 HERFARRMGERE
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Table 3 Optimal parameter settings of GBDT

EEAEEES
EZEEmEEE
|ﬁﬁﬁﬁ%mﬂM““ FAECTOT) [T T
B R MR

|ﬁﬁém%%ﬁ%§ﬁﬁﬁ|
B

1(i).Cost<beat_1*BestCost

o

[TV Y A s | [ARDERifR ] | H03IF i FERLBEN A1k |

JBALHT I P 17 E G AR AR

E 4 MIVYA_DE fi{t GBDT Z&iiiE
Fig.4 MIVYA_DE optimizes the GBDT modeling process

MR BRI
RAMEAK JERRFIERL

0.010 1 2 19
FREEANECH 15, BRI ECH 30, RA L
W SEA G2k GBDT BiAY
2.3 BKEAFMILIELE R
4y 9 & 57 GBDT, WOA-GBDT, IVYA-GBDT
1 MIVYA_DE-GBDT {4k [ Ji7 & F A 7Y | b g
JURMABETRY f% 152 2 13000 fhh 2 A 4006 B L 0 00 A
AU T 1R 25 (Syse )« P ARIR2Z (S ) « BEAY
MIFLEPLRE (R ) FIASE RS () M BB 5 I 22 LU ( Sy ) TE

e
PR
980 52




96 B4

Bk 7 E51E FE3M

REIIE RE B LA TP S BT . Sye v Spse (8
/N S 35 0 A0 Tt {5 S PR s I BB
SRBR AT | P00 R AR ) S 0 B R R A
RPFRIM LB G, SKMEN 1, R
1 UG TS BB Ry, IR R A AL Y Tt
PEREBRGS 5 TS, W AE SR SEIAE B 1 22 5 15 05
HRARZE A LUARL, S TEAE K, R BRSS9 T30 fiE
MR EEINHA, 2 S, >3 B, B EASEER
TPRS B, v T SEBRT ;2 < Sppp <3 B, B
FIFFISCR AT 5 Sy <2 D50 A A 10 F500 BE 7 45
2, MELLTE 2 N R 2K o A (] T A5E 8 7y - i
Fransk 4 i

M3 4 W15, EEENTIERF  GBDT 7E
BREF ARy m R B AT, (H R &AL
TEHFH 25 6], WOA-GBDT BILA LR E (R =
0.9195), H Sy W EH MWK (0.027 5), FWIEE
PR, PIREPERE L UG A8, IVYA-GBDT 7E 1%
2P SPEHRE LI TATE , SyppihFI3.038 3,
R R AE R IO AT S S uGHERE LA 1Y
MIVYA_DE-GBDT #5781 | 78 45 i P G 48 b5 33
PR : Sy (0.016 5) Al Sy (0. 128 7) I,
PIEPERE R 73K 0.948 7, Sy, M 4.445 1, Jmff;
FHABRIRY 5o Hh A = 1 T A R R R
JL4E MIVYA_DE (4 331 s) M3 F IVYA(2 137 s) H:
SR ] AR SRR A FE AT 3 0.5 h, {H
TERAA P TEAR S BA @ ek, XSem k2
SKIEATTZ], I, TELiG 2% ISR B SRR
EPERIERE I, A SCIR A B RE IR LB MIVY A
DE-GBDT # AU hy R A it f Foill A3 284, ARl fE ik
TR ISR (1 TR SR A S an S . 6 IR,

IS AT %0, GBDT K H 434 AL 5 31 ( 4n
MIVYA_DE-SVR) FlINACR 82, M T1& 48 GBDT
TR S 435 BUKT T 000 14 8 5 ) (8 38, A A X DA B
REAEIA R, HELZ T, IVYA-GBDT £
AT A5 2R AT BT 4R T T LA b 3 b AR B SR
MIVYA_DE AL B XL G S8 S, 481
TSR TR B, o MIVYA_DE-GBDT &R
A, WERA T Rt P A Sk B s

& 6 %1, MIVYA_DE-RBF Fl il 4 54 75 4
R EMLER P 7 SAg oo Jr i, Rk,
AHERRAFFE £1.3% A47, i MIVYA_DE-GBDT il
DAY 4 e b, AR 25 HARFFAE £0.5% /2
i, BOREAET BANH, Bt a0y 1k 5k
MIVYA_DE A] iU 5 B YE % CBDT 455 4 %) £
SH, $m TR AL v . RS E Mz 4k
fet1, E—EM T MIVYA_DE A9 S-08 88 1 fide
S g FH R AR A

3 4 it

SR SEBAT ORFREMLER A 5 S 14 v R T
AR SO — PR A T B AT R RS 224y L TR
W 1 At H B R AL B (MIVYA_DE) , F TR
1k, GBDT #% %I ( MIVYA _DE-GBDT) ., % %} J& 4
IVYA A, MIVYA_DE B 6% HIBS VIt 105
W&, AR T RIS RS B, B4R
BEALA: B AR TR IR Z R, R, 51 A S
T beat, &V P IVYA 55 DE 0% (947 448
FOIFFHRET FERZERPK; &5, @itz
G HEACAIL 52 AR AE S TR pR B K S0 e T
A RN IS X - I S R € S o

®4 TRBNEBEITMNRIER

Table 4 Evaluation indicators of different prediction models

T Swse Seuse R FAHFE /s Sgep
GBDT 0.042 2 0.205 4 0.869 3 — 2.786 5
SVR 0.099 5 0.315 4 0.576 2 — 1.547 2
RBF 0.063 8 0.252 6 0.814 4 — 2.265 4
WOA-GBDT 0.027 5 0.166 0 0.9195 1305. 8 3.448 2
IVYA-GBDT 0.055 6 0.235 8 0.891 2 2137.0 3.038 3
MIVYA_DE-GBDT 0.016 5 0.128 7 0.948 7 4331.0 4.445 1
MIVYA_DE-SVR 0.077 9 0.279 2 0. 668 5 35.2 1.749 5
MIVYA_DE-RBF 0. 060 9 0.246 7 0.842 2 42.5 2.3195
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