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A real-time prediction method of carbon content in converter steelmaking
based on DDMCN flame image feature extraction
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Abstract: As an important operation at the end of converter steelmaking, the key to the end-point control is the accurate
and real-time prediction of carbon content. And the oxidation rate of carbon content in the molten pool can be reflected
in the variation of the flame texture at the furnace mouth. Therefore, the extraction of accurate characteristics of flame
texture is the key to predicting end-point carbon content. However, the difficulty of flame texture feature description
lies in its multi-directional and multi-scale irregular characteristics. This paper proposes a Derivative nonlinear mapping
Direction weighted Multilayer Complex Network color texture descriptor, which conforms to the multi-scale and multi-
directional characteristics of flame irregular texture. First, map the Fire flame image under the HSI space to the phase
space to enhance spatial location-related information. Secondly, based on the complex network, a weighting formula of
the derivative relationship that reflects the continuous changes between the vertices of different scales is given. And the
multi-scale irregular direction weighted color texture complex network of the furnace mouth flame image is constructed
by combining the direction information. Finally, the direction weighting degree feature of the vertex is calculated to
quantify the connection mode of the complex network topology, the color texture feature of the flame is constructed. And
the end carbon content is predicted by the KNN regression model. The results show that the prediction accuracy rate of
carbon content within the error range of £0.01% is 88.99%, and the accuracy rate of prediction within the error range of
+0.02% reaches 94.13%, and the algorithm meets the real-time requirements of the actual converter steelmaking process.
Keywords: converter steelmaking; feature extraction; texture analysis; complex network; high-order local derivative

mode; color-texture
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0.004 86.89 93.06 96.20 97.81 98.77
0.0025 87.08 93.07 96.12 97.77 98.73
0.002 87.10 93.06 96.21 97.82 98.72

3.4 SRIZEEZERMRELLR

%/ BEERIE DDMCN ¥ 8 S IR e
U P 28 R 101 KO UG SOBRAFAE S0 ke 75 2 B )
ARCPE, 2 B4R DA L7 T HO A SRR
KMGFFAE, A SO v 5B =P s
77 &l (Histograms of oriented gradients, HOG)!"*) 111 %%
FRAESR A | T A5 AU 28 I 45 190 [y i b ¢ 4
TR B 2 U R AT LA X (SO AR U
¥, 5IK)E LA (Gray-Level Co-occurrence Ma-
trix , GLCM ) '8] | TH Rassem 43 A 42 ! 19 58 B (1 A< b
=B HIARSE (CLTP)'7), Alamgir NIU8T £ L 37
) el R L P L (Local binary co-occurrence
pattern, LBCoP) ., Verma. MU 25 \ 12t 1) Jey b {2t
PEEC (Local extrema co-occurrence pattern LECoP)
AT IO AR, X E 22 M4 ik, i85 André
RicardoBackes % A1) ity it 56 152 % [0 2 1y SO
FREHEEUE Y . Leonardo F.S.Scabini 25 A 201 42 4 17
T FAABILRAE T 2 22 3 M 4454245 (MCND)
BEAT BT, Bm, A T AT B A SO A 2L
P, B 52 G AR 2 S IR R a
SUHARE AR 7 ¥ (Improved multi-trend binary coded
color texture feature expression method, IMTBCD) 7

O RN AR 6 Lo SR TG A ]
Horp, i =il FEF i SKEW. % &
) 4o 28 X 48 R B 1 S 1), AR 3G ik LeNetD! FIg5H 5
VRI VagNetlS] I 7 3 U 22 16 4 BB A Pl 152
HEPEATHE P 2 S Bk S B B, Y2522 100000
AR YN 25458 SR AR T RS ARSI 1 T 00 25
GLCMUS! 4 (3 FF 433 i85 7 4R IR G 1 1 % (6
25 ] T OCHAE T 5L 7% ) 2% 1O 0B I BBy
U I EAs o T BT CATER P EE N GON.
SEIG SR F B AT A LIS UE i 5, S S EO0E
) R, BRI IO AE 2% A A ] R
KNN TN, A5 3050R TR B (12
TR 0.01%-0.05%). deiE R (R?). ¥R
(RMSE), $80 k3 5% SRR AE BsF 7 #6010 ~F- X B
] F, Wit 3 R T RE Thown MM TEVET
M BE TN F8 A5, TR 0= (22-25) Frs:
SN i —w)’

R*=1- . (22)
Zivl (y yz)2
N
2

RMSE = || + g Ui — i) (23)

Tr
F=:L 24
R (24

T
TknN = WK (25)
g FORG RS RIME, ys FORESAE, N

KIGERGREARR, T FORFHEREURE, Tk R
YIRS M S B 5 KNN [l 28 FERT, R (I
BRI P S H SR AR, RMSE {8
SR WSS S B S ) B R R, F (R T 5
FRBUCK MG L SRR P, Tev v LT A
) At A KONIN (] D 28 903000 s 1 -3 B B
3 JBR T X YETE 0.01% % 0.05% 2
VO R ¢ A Bl o T M e i R AR Bl AR SOy
EFERR B R IR2EEN 0.01% PIERGR K 88.99%,
1 0.02% PHERGFR 94.13%, FHEBET X L7 vk h il
MR BTy IMTBCD SYATE RN R ZE 4 0.01% N
T 6.82%, FEFIN 2= 4 0.02% NHETH 3.77%.
AR 3 LIS RPN e, B =K
AR T JOEE B R T 3 e e A b S AR IR K
I SRRAE . HOG ik T M BUG Jmy ot B 7 1) 43
i {H 5) 52 K 1 DA S BEATL I S 055 T 36136 A el
25 I 25 11 S AT DASR BN B AR R AE A ) 32 9 [
— PR 5 AE B iz AR e HK,
GLCM 45 JLFh A A LS, EREERIUEA
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Vi

xR

PLMIECH. FERRA I BB T, AR SO ik
K RS KU €0 SO A X M i A 5 e ) T
PERE, UERA T S B0 SO A X T O R AIE B
. 1 GCN AT MCND $2HU T KOG AL ZCHEFAE
(EETEE SN RN ) S EE oy VN RN P SNITR €S
BEhE. BT RO (E B BRSNS B T A AL KA
FHIE. IMTBCD i 2 #4954 5 07 sfti ik 17 KA 5
Ia] {5, AR T A T SR TR By, (B REAR B
HuAt I I BRI 2R AZ AL L.

x3 BPLSHRIETNAREILE
W w2 wE mE nE
FE 001% 0.02% 4 0.03% A 0.04% 7 0.05%
WERRR MERRR TR TR MR
SKEW' 34.03 55.64 70.34 80.75 87.72
HOG"" 59.22 74.18 83.73 89.82 93.60
LeNet” 48.72 66.08 79.55 94.42 96.15
VgeNet ' 52.36 70.58 81.70 96.01 96.87
GLeM'™? 52.54 67.71 77.86 85.30 90.27
crrp” 72.33 77.73 83.40 86.98 89.12
LBCoP™  50.49 64.27 75.98 83.55 88.62
LECoP" 5291 66.68 78.56 85.57 90.29
GCN™ 52.29 70.08 79.29 84.86 88.75
MCND™” 68.41 82.63 88.61 91.68 94.02
IMTBCD"' 8217 90.36 94.38 96.72 98.19
KXHE 88.99 94.13 96.56 97.95 98.74

PR G T S AR AR 7 1) A 22 2 S 2% 1
285 KM PR AR AR U s A 2% I 28 4 5 s o
AU R A7 1) £ BT H] DA B M f B K %2
RBEZ2 77 Tl B AN RIS BT i g P00 L

R4 BPESHREETNLEELLE
FEAEFRIR EYEE
Tk R i RMSE ff  FHgREmT  FIemt

ms/iji ms/iji
SKEW” 0.14 334 77.99 0.04
HOG"! 0.51 2.66 1549.00 1.55
LeNet 0.29 3.06 0.80 0.41
VggNet 0.49 2.85 0.94 1.90
GLCM™ 0.44 2.97 521.36 1.89
crrp” 0.56 2.63 254.28 0.31
LBCoP"” 0.24 3.13 33231 0.36
LECoP"” 0.34 2.93 307.79 0.36
GCN™ 0.49 2.88 2359.75 0.03
MCND"™” 0.65 2.50 7054.99 0.04
IMTBCD"" 0.84 1.44 2311.84 278
K@ RN 0.89 1.17 420.00 0.71

AR TR B XTI ER R, RMSE
{H, FRBUIE ER SCHAFAE AT I 18— 5K R A T2

FEWT F, T v v W RAAREE. 0 52 SUIHIE, A SO v
1) R2{HH 0.89, RMSE (8K 1.17%, ¥ BCE
FEIF 420.00ms/ i, [0] 9252 FERF 0.7 1ms/figi.

AIATER 4 AL, AR SO ENE S S A
JERA, RN AT 420.71ms/Mii, 55 HAt
T AR EE, T AR AR T BRIV Ry —
SEIPAS I A, AR SCHR [21] 5 T BAR AR
IR, ZEA @I fREOLT, AN KRR &
HFEI 2020 Tmin/ . A SO A IBOHR (4 SO AR
AR TIUI Bk 75 5308/ T R AG A WA FE I, R I RE G 2
SR RN R R S M K.
4 &5k

SR IR 8 g K e PRI v T A B 2% ok
S PRI OME DA DK 43 14 TR, AR SCH T S BT R 2 i
S5 A IR 22 252 2R I R4 (0 SRR A, S AT

1) o K e PG i S b T S B AR 67 25
[i4), ) 36k Jey RS BRI 2 () FL A L, I KR SRR 25 ]
AR, WD T AR RO ARE SR IR T
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