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Online perception on FeO content in sinter based on machine vision

REN Yuhui®, ZENG Xiaoxin”, LI Xudong”
(Zhongye Changtian International Engineering Co.,Ltd.a. Zhongye Changtian( Changsha) Intelligent Technology
Co., Lid. ;b. Engineering Technology Research Center,Changsha 410205, Hunan , China)

Abstract: The FeO content of sinter is a comprehensive index of sinter production with many factors affecting it and a
nonlinear relationship between the factors,which makes it difficult to predict the FeO content. In order to solve the problem
that the FeO content of sinter is difficult to predict, a system based on machine vision technology to realize the online
perception of FeO content in sinter is proposed. The system obtains the thermography picture information of the tail section
by installing infrared thermography equipment at the tail of the sintering trolley, extracts and analyzes the picture
information features,and uses the extracted image features of the tail section as the input parameters of the Darknet-19
algorithm, and establishes a prediction model of sinter FeO content based on the improved Darknet-19 algorithm to realize
the real-time prediction of sinter FeO content. The field application shows that when the deviation between the predicted
value and the actual value of the sinter FeO content prediction model is +0. 5, the accuracy rate is 82. 5% ,which has a
positive effect on stabilizing and optimizing the control of the sintering production process.
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Fig.1 System hardware composition diagram
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Fig.2 Trend image of tail section average temperature

& W 1A T ol 14 s 1) o 2 A P 2 A9 AR R e B
WA, BRI SR 3 X5 1) 28 AR AR
ANFILY 7 1) R AR AR R B 25K, #7 I 2R PR
Wi 73 e A BIL R W i A AR B FERL R Wi o 42 TR
LoAfIR, RG0S B LW B 45 SR A7 A T AR
PErE, BdmRESMmE 1 PR,

x1 HEERR

Tablel Taile section information
JF5 fH R4
1 SR HU (8]
2 T TET DX PN 1R 3R RS
3 HE L AR DX I Tk 8 foe KA
4 HESEREE DX ST /)M B
5 FE Ve HTE DX 3 P - 243
6 LK IX TR
7 R
8 X 5
9 IR X &
10 DI 12T KRR
11 DX 2 21 K )2 IR
12 DX 3 20 KRR
13 DX 4 21 KRR
14 XIS 21 KRR
15 ST N B T

(1 F5 W 1A ,0 2275 Ak B AT )
2.3 BIMAESR
HAT, £ FeO Fi gy AL IR HE £
(0 2 St 2 AR 1) 2 L X BE 45 HLMLE IBF 16T 5E A
FHIE(EIREC . 5 FeO fhI0 25 HE VT HL T URE AR 7]
R T . X FPREASE I Ty 2t FHs Ak,
FEbR A e A, IR B R E S TR R T 2

AOPLREIBT IR, 100 3 ol 55 D01 1 S L T 24 i BE 45
B AV, i LA URIBOHL R W T #) 8 AR AH 24 T 4R
YRCFR) T S AR ZS AR R R A LT 5 5 1 e 4
s K AER A, X Bl 07 SUFF 78 3 A Bk A
@ T ¥k 58 # 10 5 1 408 285 o7 % A 0 R A B
@ FEABIRATERE, B E; O Bl—T1y
B4 M T R (B AR R A
EEXFRL BRI, ASSCRE M T — BB — Bt
8] (15 min ) BEZ5 LR W IR 25 G0 345 R A D AL
IR AR A SR BT vk o AR GEAE PR e 2 1 gL
VBRI DI, 0 DIy /D s 8 O 254 B 1 2 i
I BB 5E 42 T A L DX IR, T I T 2 B 16 15
H A1 T T )R A Xk — B P ] P A8 AR5 AIE A
18531, ¥t s R s FeO fLIR 45 J b 470 e,
MITZBAEAS [ i AT A0, 1R BUAEARLE . ek
TR RFE ) BN 2 FR
K2 HEMEX
Table 2 Feature vector Table

ol
i) £t A HCE ]

W I DX PR PR 3R A R 2
b TR DX Nl i R (L ) F- P4 B
b TR DX PN /ML - P £
W T DX 43 PN - P43 1) -4

LLK X T AR 2
DX M
i X HP R
IR X 7 24
DX 2L KRR LA 2
DX, 2 21 R R B T2 fE

3t
qo

O 0 N O W R W N =

[
—_ o




EENME, 55 SETHLES I IIBELEH FeO & B TEL B 57

2024 445 3 1]
#2 (%)

Fes [l IC R 24K

12 X3 3 21 K2R EE -2
13 DI 4 212 R BME
14 XIS 20 K2R EE P H4ME
15 F 2 I (] P L BT 16T
16 i 7 I 1] P s A T 1T
17 B AT o L
18 S AR 2

T SR &7 Lo I ) P e A i 1) > 5 98
SE I I P BB T B R T
2.4 IREHW FeO TR

HRAE R 2 MBARAFAE, SR Darknet"™ P i 2%
A HEZLHE @RS FeO TMALRL , Hrh Darknet-19
R BRI M 48 S5 R AN 3R 3 R .

#& 3 Darknet-19 484549
Table 3 Network structure of Darknet-19

FAl R Rp/ K
LBIZE 32 3x3

WAz 2 %x2/2
Bz 64 3x3

k2 2x2/2
LBIZE 128 3x3

HRZ 64 1x1

LBIHZE 128 3x3

k2 2x2/2
B2 256 3x3

G2 128 1x1

HRZ 256 3x3

A2 27 2/2
BIRZ 512 3x3

G2 256 1x1

LIRZE 512 3x3

B 256 1x1

B2 512 3x3

Mk Z 2x2/2
BIZE 1 024 3x3

B 512 1x1

LIZE 1 024 3x3

HBIZE 512 1x1

LI 1 024 3x3
R AR 1 000 1x1

Darknet-19 W25 F1 VGG R 282541, F2fi
B, IF H A pooling #AF 2 J5 R AL ] 18 18 %4
A o ] global average pooling #EATALHH, JFf1E
A TR 2 8] e 1 45 RO e AT AR AL P13 8 00 T PRI
BRI S FI S8, Darknet-19 2% (1) 551
RIS TR T BN ZR NP S, By 1A
i & Darknet-19 ¥ 2% 8447 19 4> % R
(convolution) , 5 Mg Kt ik )2 ( maxpooling)

KA )G 1 Darknet-19 {E & backbone, X
iy AN AT IR B~ AT AR SR I, 36 2 iy 17 4k
B R A, 55 18 dEEdE AR R I 25
R 25 LA B 00 iy 5 P X6 EOARL, AT 45 A o 2%
RS, LR BRI ANIE 3 Firs o

o R e =] i o] I
H3 (R Y

Fig.3 Model structure of optimized network

model structure
A K darknet-19 1) & J5 — 2 & S
(softmax ) P 2R P 151U 7' (linear regression)
XA LA A5 o 2% AT SCME T, DTS2 BEXS FeO
LAY I, 32 0 4% 1 45 2K ok ERCR T 38 7 AR R
2" (Root Mean Square Error, Spye ), 187
BIA(S) .

Suise =«/’]lz:_l>(Pi_Ri>2 (5)

X PR BN FeO {H; R, BRI FeO fH,
n ARV GRE I 1 B85
2.5 BRHZEM

4t LA V2017 AE Oy JF & F £, SQL
SERVER2012 1Eh %548 FEF- &, R T AL A 0L 6 4
ARSI PAAGAL R R 1 o3 A FESCIE $ B, ) 5
A8 Darknet T 3227 > HESE 58 ARSI 2R FeO
O, AL RS G B, REEEN
SR B G et KRR E it .




58 %

Bk B4 H3 M

FRYCRHAT C/S M NBA RE M FEE, &
FrE BFe, S e mifE B R 15
LR A R 55 R e A EL OB ) A, 384T T IR ST
Y, A% 10 min SERM—RAEL I, Hose B an gl
4 Js, RGUERIEAT E SCAR O G b (4 500 A
T, PRSI v R 50 S i A B S0 A Y e g
BB FeO & FAELE TN, T 5 Bl Je
AGUiH U f 1STrainFlag B4 {ELR ) W 35000 454
TR A e B SR, A S U R A T R AT
WZIFRAE, TMPEAT —5 0. HMI A HfE
R P S i P S I AR BB 55 S e, EAT S I
AN, BTSN S fron, FHmALEE 3 A Xk
X 1AM S 177 s 1AL W T R0 s 42 1
T, A WA 7S ) s AR 3 ) W T 1] e, b DX )
RESA PP ARG 17 X I 1A 52 IF M 4 A 6 105 Xk 2
ERAXT LRI L A L e IR
AR . USRI DLt AT T SRR,
Il LR SR AR o A AT
SR - - RS = AR SE AN [ i

BRI B

X1

FRLEER:
@ ZLJeJZ 5 AR IE

WA X

@ i 4R E

Pid )

—— A |
!

| Do i AR e |
'

HEREE R\ 2
PRI e 52 AR 2R TN

i

PRI B 1S TrainFlag
P CHIWTR & AR I R AR ™ A2

ISTrainFlag=1?

YES

NO

HBTISTrainFlagfif& R0, TH
A HPRAFA RS

4 RERE
Fig. 4 System flow diagram
TR D00 . PP AT LR A AR T A g B L A TR A
ARVEZ IR 2E0E | L 3 A3 7 D0 X 2 BT R A AL
R ML L ) — Bk S b 45 RS e b 2
A B I, SEBE D T e A A E K Bl
f9 A HT 5 DX I3 0 FeO A Ak 6 7 A0 T /L A4 % bE

W 567 C IKES : 253.8 kPa

@ i -R-PIt R E

KHES) : 155.0 kPa

X152 2L )25 AR IE

50

40 404 410,

30

%
&
=
h
il
=
e

2022-07-15 14:11:59

2022-07-15 14:11:15

I—2L KRR 2—4L K2 JR2; 3—4L K2R3 4—4L KR4 5—LL KR JRS
36.8

34.4

2022-07-15 14:10:46 2022-07-15 14:10:03

FeOTRll {8 55 5 B e X EL I

07-13 2022-07-14 2022-07-14 2022-07-14 2022-07-14 2022-07-14 2022-07-14 2022-07-15 2022-07-15  2022-07-15

0:37:31 6:27:48 11:11:01 14:51:59

&5

22:25:30 2:59:10 6:34:20 11:12:27

RERE

Fig. 5 System interface diagram



2024 4E465 3 0]

EENME, 55 SETHLES I IIBELEH FeO & B TEL B 59

M L R 245 P, R GE LA B BORE i ) 7
NFEHER, Ty NBREH LR AL i iy 22 IBORE A5 Y
], RGPRIWAEL (T = Ty) =15,(T-T,) +15]
30 min P BN AP 141 2 (F0 1 A e 28 45 R 5 AL 6
PEATRILE, FUHIREIR Tl 20 2R AR5 (R -5 O
XS Heh £k
2.6 MAHR

RGAEHMER B 1 a, RGA R I
20 ZALE R 5 BN EE AT EUXT, AR
WA R, R GUR LA T O, XS
) A T VA R EAT BT, BRES R FeO 5 it TN
(HSSEPMEM2E £0. 5 W, HERIARTE 82.5% . K 4
T oA 40 BRI T IR

R4 FeO LB ESTMEI LR
Table 4 Comparison of Assay value and predicted

value For FeO

FF5 LR BONME fW2E || T fRselE BN fe2e
1 7.43 7.26 0.17 21 6.8 7.26 -0.46
2 7.6 7.42 0.18 22 83 7.62 0.68
3 7.2 7.2 0 23 7.5 7.26 0.24
4 7.0 7.26 -0.26]| 24 6.7 7.26 -0.56
5 7.4 809 -0.69]| 25 7.7 7.85 -0.15
6 8.2 824 -0.04/] 26 7.2 7.26 -0.06
7 7.5 7.26 0.24 || 27 7.3 7.39 -0.09
8 6.5 6.71 -0.21|| 28 7.5 7.80 -0.30
9 7.3 7.79 -0.49]| 29 7.6 7.99 -0.39
100 7.8 7.26 0.54 30 7.4 7.26 0.14
11 7.5 7.26 0.24 31 6.8 7.26 -0.46
12 7.6 7.93 -0.33| 32 &5 7.71 0.79
13 7.3 7.26 0.04 33 8.0 812 -0.12
14 7.5 7.95 -0.45| 34 80 7.49 0.51
15 7.2 7.26 -0.06/| 35 7.5 7.26 0.24
16 7.4 7.26 0.14 36 7.0 7.26 -0.26
17 7.5 17.56 -0.06{ 37 7.3 7.55 -0.25
18 7.4 7.26 0.14 38 7.9 7.47 0.43
19 7.6 7.5 0.10 39 7.8 7.26 0.54

20 7.5 7.26 0.24 || 40 80 7.71 0.29

3% #

EEXHRRLs ) B 4E T FeO & 20 Hr (4 J5 2L 70

MELATRIN (945 00, P AL 2 4050 £ AR 43 A B2 i
T EHR RS B, AP W R R IE 1S BAE
A Darknet-19 BT AS S, &7 35T Darknet-19
BIE BB FeO & 5 UM AY, SCEBeZs i
FeO & TELR . REEIEWERT B 1 a,
B4t FeO & it TN AE 5 SE PR E AW 25 = 0.5 WY,
HERRZRAE 82. 5% o TN 25 3 vl LUIE # 48 S R E A
AL, SR SCINT FeO 45T, [RIEF, A
FUAARYELL K Z R ATt oL, AR TIIT RS,
TRope 2 2 5 o] 1) — Bk

SE W

(L] XUATAK . Bedh FeO E i IR B ()] HPCH}
BBk ,2005,7(1) :8 - 10.
LIU Zhulin. Discussion on influencing factors of sintered
FeO content[ J]. Journal of Chongging University of
Science and Technology,2005,7(1) :8 - 10.

(2] A% . Bedhn FeO Sitmpisx[l]. bedhiekiA,
2004,29(3) .19 -22.
SHI Tianhui. Research on FeO content of sintered
ore[ J]. Sintering and Pelletizing,2004,29(3) ;19 —22.

[3] R, &K BRAER, S . FeO S HXRESHIA B VERE
TS [T ]. 57k TR, 2021,19(5) 41 —45.
YU Jun, MENG Fei, CHEN Shengli, et al. Effect of FeO
content on metallurgical properties of sinter[ J]. Mining
Engineering,2021,19(5) .41 -45.

(4] WAVH . BeshD FeO R HEM XA
Bzt ER A ,1980(1) 17 - 26.
HUANG Qijun. Relationship between FeO content of
sinter and sinter output [ J ] . Sintering and Pelletizing,
1980(1) .17 -26.

[5] HEig3C. BETHLRLINEBG I SRE T 5 W
[J]. Hr8Kk,2005 (39 1) - 107.
MA Luowen. Supervising sinter quality with infrared
image system of end-most section[ J |. Ironmaking, 2005
(S1) .107.

(6]  FMZKIR, AR, NG, 5 . JETHLEALE FIp 22 10 2%
FOBRGs BRI ()] LA, 2008 (11) :240 -
242.
SUN Tieqiang, YIN Yixin, DONG Jie, et al. Sintering
quality prediction based on machine vision and ANN

[ J]. Computer Engineering,2008 (11) ;240 - 242.
(TF45% 88 1)



88

g%

A

BR

F49E 3

[10]

[11]

[12]

[13]

particle size detection based on image processing[ C]//

Proceedings of 2017 Chinese Intelligent Systems
Conference. Mudanjiang : Chinese Association for Artificial
Intelligence 2017 .505 - 514.

REDCHE, R, KA . — Bl A9 5L T Hough A2 4t
PRI IS N D735 LT ). AEasiH 3 4R ,2017,47(3)
58 -61.

TANG Qingbo, TANG Chao, ZHANG Henghao. An
improved circle detection method based on hough
transform[ J ]. Aeronautical Computing Technique, 2017,
47(3) .58 -61.

LAND E H, MCCANN ] J. Lightness and retinex theory
[J]. Journal of the Optical Society of America, 1971,
61(1).1-11.

i AR R, SF . BB SRAA LR AL ] P
[E 52,2017 ,10(4) 438 —448.

WANG Hao, ZHANG Ye, SHEN Honghai, et al. Review
of image enhancement algorithms [ J]. Chinese Optics,
2017,10(4) :438 —448.

EFELIMIRHT . 2000 Y Retinex IR IH B2 14120
FELT]. ALY W5, 2020, 37 (4) : 1204 -
1209.

(E#% 59 m)

(7]

(8]

XUGERE, A0, TR R . PR L e e 1k o v T (5%
EFLERIE S XTI ]. #94k,2008.43(3) 221 -
24.

LIU Zhengjian,ZUO Haibin,ZHANG Jianliang. Research
and Application of Image Acquisition Algorithm for
Characteristic Section of Sintering Machine Tail[ J ]. Tron
and Steel ,2008.43(3) :21 - 24.

XU, EREIE, B AR, % . LT Darknet [6 25 il
YOLOV3 532 iy i A B B R [0 ] 3F S ML
2019,39(6) :1663 - 1668.

LIU Bo, WANG Shengzheng, ZHAO Jiansen, et al. Ship
tracking recognition based on darknet network and
YOLOv3  algorithm[]J].
Applications,2019,39(6) :1663 — 1668.

Journal ~ of  Computer

[14]

[15]

[10]

[11]

[12]

WANG Ping, SUN Zhenming. Multi-level decomposition
Retinex low-light image enhancement algorithm[ J].
Application Research of Computers, 2020, 37 (4 ).
1204 - 1209.

JOBSON D J, RAHMAN Z, WOODELL G A. A multi-
scale Retinex for bridging the gap between color images
and the human observation of scenes [ J ] .IEEE
Transactions on Image Processing, 1997,6 (7):965 —
976.

MA J X,FAN X N,NI J J, et al. Multi-scale Retinex with
color restoration image enhancement based on Gaussian
fltering and guided fltering[ J ] . International Journal of
Modern Physics B,2017,31.:16 - 19.

e KT iR A TR R RRAS
RLREBUNBEFE ()], IR TR K4l ( A AR FE
i) ,2022,39(6) ;118 —124.

ZHANG Xuefeng, CHEN Tianyu, CHU Yuezhong, et al.
Study on particle size identification of sinter based on
hough transform [ J ] . Journal of Chongqing Technology
and Business University ( Natural Science Edition ),

2022,39(6) ;118 — 124.

VISWESVARANi C. Multiple regression in behavioral
research; Explanation and prediction [ J ] . Personnel
Psychology, 1998 ,51(1) :223 —226.

JURZN BlRER . T 22 on gt B Y BRSO A 43
BrlJ]. A HE,2023(459) :49 -53.

CHENG Changjie, LU Xiaojun. Price analysis of rebar
based on multiple linear regression [ J ] . China Steel
Focus,2023(459) :49 -53.

HYNDMAN R J, KOEHLER A B. Another look at
measures of forecast accuracy[ J]. International journal of
forecasting,2006,22(4) :679 —688.

LEE Z J,LUO X X. Predicting rainfall-induced landslide
using bee colony algorithm based on support vector
regression [ J | . Recent Advances in Computer Science

and Communications,2023,16(1) ;33 —-37.



