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Machine learning algorithm of blast furnace radar in
strong interference environment
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Abstract: The burden surface of blast furnace belongs to rough surface that composes of solid or molten mineral-gas-
coke mixture in high temperature. The electromagnetic reflection features include non-uniform and non-stationary gas-
solid fluidized material electromagnetic echoes, periodic shadowing effect caused by distributing chute, fixed interferences
caused by cross temperature measurement as well as random noises caused by environmental factors such as electromagnet-
ic radiation. In this paper, the Hilbert-Huang transform (HHT) method of instantaneous frequency analysis is used in place
of the traditional fast Fourier transformation (FFT) method to process the burden surface signals extracted by frequency
modulated continuous wave (FMCW) in complex environment. Combined with empirical mode decomposition, the orig-
inal non-stationary signal is decomposed into several stationary intrinsic model functions. Then the method classifies and
learns in accordance with the decision tree algorithm based on prior knowledge, getting various types of signal component
weight and weighting and highlighting the real material electromagnetic signal. The time-frequency characteristics of the
decomposed signals are obtained by Hilbert transform, which can reveal the rich smelting information contained in the
fluidized burden surface. Meanwhile the algorithm can also improve the frame accuracy and stability of the burden surface
imaging and provide reliable data support for the energy saving and emission reduction of the steel industry.
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¥ (frequency modulated continuous wave, FMCW){&
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YEFH, {H#1A2 FE - e {8 L 148 2 (Fast Fourier trans-
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transform, HHT), 1% 5075 £ EH AN H Al 256
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mode function, IMF), ¥ 3K 75 ) A 75 45 =0 pR BCR FH 248
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(R A, f fa Il S 5 bR g7 e 2 TR
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Fig. 1 A typical signal of FMCW radar in the complex

environment
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2.1 R M 345 5 BMEMDZ3 #T(EMD analysis of

echo signals)
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2.2 IMF4) & FFAE 3 BU(Feature extraction of IMF
components)
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vy (1) = %P |~ MtF_”’f)dr, 0
PRI FE S EE, B IME,; () By, (1) & Ebi s =
2i;(t):

& MR B, (6) FIAHRI A R0, (1)
ai; (1) = \/IMF2 (1) + 42 (1), ©)
_ Yi; (1)
0;;(t) = arctan IMF, (1) (10)
do;;(t

WRAE AL & a;; (¢) OIS 3 A7 B g 438 IMF; (¢) ) Hil-
bertit:
Hij(w,t) = Hij(w(t),t) = ai;(t). (12)
WA A 2 BUE TR 2 J5 IMF 43 & % H HHilbert
Tk, 19 B R YCRAEE 5 1 UG A
4 k
H(w7t) = Z Z Hij(w7t)7 (13)

i=1j=1
HRIRAE B UCRFEIX (8] P4 8 38 [R5 5 RO I 4503
IR T2 P Fr 3 1),

A BRG SFFTAE AH L, v RAEE—BE 5 &
AR B 3 A D, X IAE T AR G (A8 B o3 iy
ME SRR K, 46 H S8 G5
PR BARNEZR” ; T B Hilbert 28 33 15 1 B AT U] B
e HAE B ARME 5 2 RIS 8] i, #5402 7 2 FL sk
Re B oA, H IR G61(E 5 BV S I AE H (w, t)TH &3
PRI (w):

h(w) = fo; H(w, t)dt. (14)

AL, 320 B T 3R Ay B SR X T P9 45 I A
e Re B IR A AR (8] L 8.

FETR LSRR, F5 456 5 8 S PR L R IR
FEI (a1l L i) A, FEE5 &L PR 7 BEAT B B 5
B FR 1 H (w) Hh 5 K RE B0 RO R 2k
NF, W e R AR S B T R e A 2 i A

C
R= g5 xF, (15)

Horr: e26I33 % 10° m/s, BAE AT 9.
4 SEIGHEFU(Experimental research)
4.1 TFE 7 2 # ¥ (Calculating historical data)
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Fig. 2 Signal processed by empirical mode decomposition
XHFTAN MU S H T &
& 1 IMPAFEES SR
Table 1 The characteristic parameters of IMF

e RIRRE R CPIEE 2

IMF1 0.2393 474  217.0616 2
IMF2 0.0591 243 55.0108 3
IMF3 0.8655 40 763.0676 1
IMF4  0.3985 26 144.6465 2
IMF5 0.0478 10 40.5033 4
IMF6 0.0480 5 473955 4
IMF7 0.0875 4 98.7946 4

EERAS WO ) IR SIS G B Ul SIS, 7 1B2 Al s = KX [FESVN
& PR B, IMF1- IMF7FTt B # #E 24K I 52 43.40 m,

22.25m, 3.68 m, 2.38 m, 0.90 m, 0.46 m, 0.37 m.
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HT I B2 18] B P4 50 2L [R] 38 A5 5 42 i EMD 23 i ) 11
IMET] 51, %20 5005 T IME3 75 34 25 i 7] B A T 2 A 5%
Bk R Huze KT Hofth IMF 40 &, HAE 3.1 m~3.8 m G
WEIELE ETHRIESE N P, X T s A Bk
BB, R SO YRR (30 1); IMF1AI
IME4 5% 3 () R A 42 1 B A AR R AN, LK
IS e B A T R LS RHEE 4 B IMF3 LAAM ) HoAth
Sy RS, PN E THREERI2); IMP27EiES:
5] B P AR e 0K HLRE SR, T R S M s (R
13); IMF5— IMF7 910 4 28 3 A1, X6 B2 26 25 291 mEA
W, HAF RIS 5 2 EMD /M iR 5 #5272 4 12K IMF
43 &, ¥ H A2y B TEMDA il A 5 77 A8 (AR 4543
4.

W4 FE L2 18] B A SO 0] (5 5 e R DA 4
AT 2R, ¥4 53 KI5 B ORI R AL LA 1)
R FIZR ) S 2R In x A4ERRFEAE NCA. SR
BV GREEEE A R R, 25 R B3 FTR.

K 3 IMPRAIEZH0 A R RS

Fig. 3 Decision tree generated by IMF characteristic parameter

7 MR Al B PR S m R AR IR, 56
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R TSSO RIRAF 5 22T EMD 73 il 970 28 ) 1)
n/MME7) 8 1 B EAE, LR % S8 RE I EAR
Fa BUAEL 1 28 2X(3) R v SEAUE 70 %31 790.9653, 0.2798,
0.0525, 0.0688.
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Fig. 4 Time-frequency spectrum (coordinate z-y-z)
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Fig. 5 Gathered marginal spectrum after accumulated

sampling

4.2 THHE 257 E (Calculating current data)

(RIS S R R, iR ESCRFER RIEE 214
AT 3 B TR SR FIAAE X 4 HT 25 247 EMD 73 i
Oy RUEEAUE. T TN &I WIS T P EEIME 2 S AL
1B 15 5 o AR SR At Bl AT SRR S, [R5 4%
4 HHT(RIEMD-Hilbert) /7 EHEAT X} EL:

FKl6(a) 2 K AL GTHAT J7 6 R UG5 5 2 3 a3k
RS T bR B, EMUS A7 AE B B SRRl 7

RSN 2 T, B AT RN R
RH . ZRPI AT SRS, fRERA T AL TE
YR} BB, {5 LA v —4.981 dB; 1 El6(b) K H
Z I HLAR 52 21 5 B A A B 5 T HHT AR #7773k
RS S bRiE, KR I MH], fe LR
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Fig. 6 Comparison of two types of algorithms

5 Z5(Conclusions)
ATFMCW 18 RGeS 34T 1 43955
SIFMeA: Sk THHT A B oAb B 46 1A S 5 4y
fit 2 A AR R B RN, G C4. 5 P SR BEExT
ZANIMFR B BHEET N LA 2], MR a1
IMF R 0% R A B4 AUE, R I Hilbert 3 #3K 15345 5 (1)
I AR e e e i ot i o vl e R 1 U, 1 B IR R
E AR, £SLIRIGUE, £ LA 2 ) 2 R FTHHTIA
Bl A AR T AR GEHATSE LS T 715 5 k(&
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IV i R 1l S T = e R B 2 g M e
FFTA 4 5 80T P A P 4 55 LS MRS S LR,
EATT R D B 2% 0 55 ) FRURE A S A AR AL R AL, 1
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