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Adaptive Detection of Blast Furnace Surface Contour with

Fractional Multi-directional Differential Operator

JIANG Zhao-Hui' WU Qiao-Qun' GUI Wei-Hua' YANG Chun-Hua' XIE Yong-Fang®

Abstract Blast furnace image contains abundant furnace condition information and blast furnace surface contour can
directly reflect the bump ups and downs of burden surface, the gas distribution and other information, but the blast
furnace burden surface image has the features of low contrast, inconspicuous details and strong bright spots, which make
it difficult to detect the blast furnace surface contour. In this connection, a new blast furnace surface contour detection
method is proposed. Firstly, the image is preprocessed to enhance its dynamic range and edge information; secondly,
multi-directional differential operators based on fractional are deduced to extract a set of blast furnace burden surface
contours of feasible region; then, the optimum fractional order is determined by adaptive method to obtain the optimal
surface contour curve in the feasible region; lastly, an improved Canny operator is proposed to correct and compensate the
optimal surface contour curve. Theoretical research and experimental results show that the new method can accurately
obtain a smooth blast furnace burden surface contour, which has great guiding significance for blast furnace foreman to
control charging in time and effectively.

Key words
Citation Jiang Zhao-Hui, Wu Qiao-Qun, Gui Wei-Hua, Yang Chun-Hua, Xie Yong-Fang. Adaptive detection of blast

furnace surface contour with fractional multi-directional differential operator. Acta Automatica Sinica, 2017, 43(12):
2115—-2126

Blast furnace surface image, contour detection, image enhancement, fractional differential, Canny operator

e AP PR A AU R ) AR e AR 4 e
ORHRAFI B S E R, EREE R R 5 AR 1
K, T DAL b 3 ORI [ (8RB P Aok S
e LI, T AR TR 0 A A VLS B ok T
AR AR T RS o MR 3 1 1 DL A B P B4 R

Ik i 2016-09-06  s#H AP 2016-12-27

Manuscript received September 6, 2016; accepted December 27,
2016

E R A ARG (61290325, 61621062), wtERESE Al i E K E A
Sl H ERRT IS (Z2Y JKT2016—05) %8

Supported by National Natural Science Foundation of China
(61290325, 61621062) and Independent Research Topics of State
Key Labratory of High Performance Complex Manufactring (ZZ
YJKT2016—05)

AUTHERME W B4

Recommended by Associate Editor HU Chang-Hua

1. RS EAE 5 TSR Kb 410083

1. School of Information Science and Engineering, Central
South University, Changsha 410083

PR B AT AT e el T A R SR R RS AR B2,
DRI I ATF 5 et A ASH T 8 G P S PP e LA B B 41
S .

T N R R A P DO S
I, A5 MBI RS 1k I el 1R AT DA Y
s 1) BSR4
s 2) =ZHOotIRR R, R L X B
WG, BRIk 3) T O TR K
AN 4) R DX e U O DXk 8] Y §2
JER AN, ek e AR IO H R AR
Ak T SCHE S 57 DA B AR T DX P R AT R B -9, A
Mg P /D 1) OB TG B 4K, 2% e B A i R A
AR R 2 DX Sy ek o ot 2k, BRI OO e
RS a7 RV R = G A VAN R (695> we = Gk S ]
VA2 PR A A DA B R T e 86 i B A 25K 5 B0 okt



2116 H 3l

¥ 43 %

TEE 2 ARG 0 R, 504 3 ok 1 R SR VR B
I3 K, T R S R R RE S . BRI ROR
5, HERGEAR. DRI AR AR O A s ok T R A
FAp S TET 428 ARG T 7 Y2 30 Ay v o ko AR S RS 4 Ak
PRIt R AL ] S5 E

P 1 50 BRI A b R A A B B
K. 40 Sobel # 1M | Prewitt 2756
45— s % 1A Laplace 5177, LoG 4B~
T AN BT RS T R B S B IE
AP S, EAELEDA R B 1) Kl g
ST, £ RIS S B S % 2) R BEARIEAS- 2]
(1 2 B 25300 %, T L EAT 20 AL DA S S AL B A
RESE R BRI 3) MMM SR IR 3 R 4 e B
RUGHROR, Xof e P ARk, TV R UE B 58 6. 17 v
PR TR PR 1 R, A5 SR ¥ T v 0 A v
PORH T 5 B A SRS . oF I 7 S SRR S PR e 7 />
LRI

UTAE SR, A3 B9 sy B0t Bk g kb
PR SR PE, A BN 538 BRI SR B 4 i
ST DA PR T R e 454 S, TR B B AR 4k
R B R BB 4y, ELXTuR s AU P, F
35 A Yo M P S A EL 3 R B v T
0 AR FEAT v PO T 6 BRI, T AR A 1
G B, (EARAS 00 v OB IRI 58 JBE R P R A A /0
MRS, TEARZ NS ARIUE T, Canny &1 018-1 |
A Ll v L S R R R B e 1 £ s 05 G
(-3 L AP TET  BAS TN 325K, fH Canny B2 %
e PO PEAT R A B, 281 £ U R A RE
SE BT I8 1 A, R T 1 PR 5 2 8 e i
e, BT E B R .

b v ORI TG R A, Bl B I T
1 Canny BRI A, A SCHE L —Fh B T4 50 i
2 TV R4 B 1 v O TR 8 1 O ARG I s, G
SR 1 R 1) X RGP A B, 1 R
ASTEE R RN LE G, 2) RS2 ik
Sy BT HR I URN R R B T AT 3) O R v
i 52 B A A BT B v, A5 T A7 R A1 ek i
JEh 2k 4) Ak Canny 547X HHEATE IEFIEN
o A5 T S O e T 5 T 2%

. RSBSOS HEF
R — AR IR I ATIR

R > BRI

A 4
I3 B L AR B DU AT

AR S Canmy H 15
RREE | Eedid]s pe iyl

1B TR

B ok fe A e A

Fig.1 Blast furnace surface contour detection process
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Fig.2 Blast furnace material surface image
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Fig.3 Blast furnace material surface enhanced image
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Table 1  The calculated value of blast furnace surface contour detection evaluation quantitative indicators
Rk BRABR R AL ErEs TR R AL Tk R R R AR Fom (%) IR (s)
AR CEE 321 0.2668 54 0.0449 1149 0.9551 0.8063 2.937
Canny 2058 1.7107 784 0.6517 419 0.3483 0.3252 1.159
Log 2291 1.9044 780 0.6484 423 0.3516 0.2920 0.864
Sobel 2424 2.0150 805 0.6692 398 0.3308 0.2839 0.800
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