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Abstract: To address the long analytical cycle and low efficiency of conventional calorific value measure-
ments, this study develops a near-infrared spectroscopy modeling framework called Full-Information Com-
petitive Adaptive Gaussian Modeling, or FICAGM. The method first employs a self-extending full-
information optimization strategy to automatically determine the most suitable preprocessing sequence for
the spectra. It then applies competitive adaptive reweighted sampling to extract wavelength variables most
relevant to calorific value, followed by a Gaussian process regression model for quantitative calibration. Ex-
periments show that the proposed framework achieves a prediction coefficient of determination of 0.920 and
a root-mean-square error of prediction of 0.909, outperforming traditional chemometric approaches such as
principal component analysis, successive projection algorithms and support vector machines. Under the

tested conditions, the framework exhibits strong predictive accuracy and robustness, and its complete mod-
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eling pipeline is well suited for rapid, non-destructive coal quality monitoring in coal-fired power genera-

tion, metallurgical processes and other industrial applications.
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Tab.1 The parameter settings of the spectral preprocessing method corresponding to SFIOS under the default configuration

SR E

T b 32 51 Tiib 3y 1k 455 i

K F M
2 7 sm1l
3 7 sm2
2 15 sm3

SM Savitzky Golay V- i€ #% , Z WM AU K, % M 58 F 3 s nd
2 21 sm5
3 21 sm6
2 7 1 dfl
2 15 1 df2
2 21 1 df3
2 7 2 df4
2 15 2 dfs
2 21 2 dfe

DF Savitzky Golay 73 & , 2 W BB K, % H 58 BE F L U0 IR M 3 ; ) s
3 15 1 dfg
3 21 1 df9
3 7 2 df10
3 15 2 dfl1
3 21 2 df12




52 1 ZEFERE AT A E B e P R I 0T 2RO B A9 R A BCR EAE  ik -5 -
gk
P
b 3.2 5 WAb 3 7 3 SR G5 B
K F M
or Z LU IE (MSC) ctl
AF AR AL (SNV) ct2
B[] BTk nm1
NM
L —14k nm2
1 del
2 de2
DE L, LR K ¢
3 de3
4 ded
1.4 GPRE%® B &% B H 10.93~24.80 MI/kg., 7648 OBy 4 3T 210

75 3r o A2 [l 13 (Gaussian Process Regression,
GPR) j& — Ff 3L F D1 i 307 232 9 A 2 4% ml )5 550 3% | 3l
1K H b ek B AR Sy e 3T AR O R T A% e R
A TE K A 23 (8] AR RIS DA S5 30 T 55 AN 1 o P
6 M HAE G i, GPR TR /NEEAR | i 4k Al £ P )
R B NG PR AT R T AT B B E X, R
LAY ] R P PE Al 5 AR I 4 S

GPR iH50 0, 8 Je i B 1 5 1 an A8 i 15 4 i
SRR OC R oy = () RO B o R G IR
GP(m () kCa’) ), Horhrm (o) Sy 349 (8 bR H, 38 5 U
05 k(') Ry B pR B, TR S AR G M . $E 5
3 I E R (5) P MABR R IK, = K + .1,

k(x,.x,) k(x,x,)
K= : : (5)
k(x,.x,) k(x,.x,)

TR A T 43 A5 B, R T — AN B A v, IR
T 2 S SR RS B A By 2% 1 ik =
[E (oo, ) koo, ) ook oo, ) 1, 0255 190000 4+ 19 35
{ELFNTT 220 5 R

y. = kK] 'y (6)
Var| y.] = k(x.x.) - k1K k. (7)

ST HREAR X, = {wlal, o xl}, HFE M X
(9 4% 6 B K. R A8 U 7 26 56 [ K BDA] 75 31 6 i
I3

y~N(K'K:'y.K.. - K'K'K.) (8)

2 KBMBERHIE

2.1 FEmKRIFERE &

SRR SR A AR L M X T T R R A
T T ET SR R RN AE 02 mm DA,
BEASFE 5L R 29 500 g, dET 133 AN R GG AR . HR IR
GB/T213—2008 #4475 1 , T 143 7 45 31 H -1 e g

AP G FI K AR O B ICTE S 6 % b 2~3 b il LR
i 5 REFE BT, R R (R i 3R AR L T
AR SR T B A R A R 20816, D15
[l 2 1000~2500 nm. A 5% 09 53 A1 %k G2 hy 5 OC
AR bR —— R A
22 NIRXEREFE

i 1 32 [ Thermo 2 7 4 7= 1 18 = 43 #9557 0 28
e 3T 2165 AL Antaris P17 635 SR 4 K 45 F1E
P53 590 R R ER B (In Ga As) K I 25 5 5 45 6T, I v
K R G5 Bk 40 485 O A7) B i 2 S 0 R A AR o SRR TE
T B (20+2)°C  AH XS I8 & (50+£5) % 45 4 T #4745
AR AR 32 00, 3 BER O 0.4 em™, A1 0 B R
1000~2500 nm. B FE 5 200 E 4T 3 I 2R 4R, I
ARATF 399 LIS HHE 5 X ] — A i 1Y 3 YOG IS -3
J& B 2445 B 133 4Ry 1 NIR S i 4504k .

3 KWERSMN

3.1 BHIRE

AW 5E K H SPXY (Sample set Partitioning based
on joint X-Y distances) 77 3% %} FU P8 48 17 FE A K1l 4,
Hrp AL S 110 DA IR 4L 7 23 PAEA
K3 Ca) 45 11 T 133 SRS 1Y Tt i 30 20 40 S 3 ' 3 it
2, 0] T EOUL R AE AR A OGS T8 & 22 7 R R
JEAFAE . B 3(b) JEoR T K IE 4 5 50 ik 4 7 A P4 i Bt
LTS L1 9 7 o = W < IO 5 2 S R < ¢ el S e
EEGUES MBS LNESR, e S E A %k
585 R oy b R B o A R . NI 3 (a) T
UL, T I O 1 o A 5 AR 2 ek L B BE HOH AL
D7 5 | R A R B A A e B i ) BE RS . AT
OGS  FIG £ iz 47 i 7 vh & il CT . DE 71 DF iX
=R WAL LT CARS I S BBy S RIE R
FER B 5058 Uik 4 £y 505 K E o B




-6 - R T2 B 2 4R 2026 4 37 &

15, o Ap tg e R An e SREARHE T O 2R BN ME s 2R s 800 % 2000, 3 (U7 3 5 00 1k 308 0T 3% 2R 3K A

GPR [ Z 8% &l « % R ECR I RBF CF 7 $8 506%) | W,
1.4 0.18 —
\ [— e
B3N 0.16 [0 s i £
1.2AN 014
2\ i)
;Hi;- Son =
I = o1 ==
oy\x\ *0% Wl JM
0.8F "\ 0.06
0.7 0.04f
0.6 0.02
0.5 : 0
1000 1500 2000 2500 12 14 16 18 20 22 24
K /mm KPR/ (MIkg™")

(a) 133 MAEAR I JEUUG 3T 21 S0 U e ]

(b) 2 IE 4R 5 S8 ik A8 7 2 A UL X 0] B ) 3 A 7 141

B3 BRBEDIRHEEERREAESHEE

Fig. 3 Raw near-infrared reflectance spectra and distribution of coal calorific value
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Fig. 4 Performance statistics of the top 50 (a-c) and the bottom 50 (d-f) pretreatment schemes
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