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1.1 Process Background
Hot Metal (HM) 

Charging Gantry Cranes

HM Pouring into Basic 
Oxygen Furnace (BOF) 

Vessels 

BOF Vessel

Hot Metal Ladles
• Holding capacity 

upwards of 330 
tonnes.

Charging Cranes 
• Lifting capacity upwards of 500 tonnes.
• In constant operation (upwards of 250 

weekly charges).
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1.2 Process Drawbacks 

Excess flame and fume release:
• Damage to surrounding 

components.
• Environmental constrains. 

Excess wear on refractory 
material: 

• Increased refractory 
replacement frequency. 

Safety Constraints: 
• Human error element.
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1.3 Process Analysis
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Use of video analysis for: 
• Estimation of flame release during pouring. 
• Estimation of pouring position.  

Comparison of video analysis results with process 
parameters
• Scrap use and hot metal pouring rate. 



1.4 Analysis Camera Locations
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1.5 Colour Image Segmentation 

Acquire Frame 
and crop to 
Region of 

Interest (ROI)

Perform NN 
classification 

analysis to 
segment flame 

region

Transform pixels 
from RGB to CIE 
L*a*b* colour 

space

Calculate flame 
intensity

• Means of separating flame image from 
background.

• CIE L*a*b* colour space for classification 
of flame.

• Image segmentation performed with 
Nearest Neighbour (NN) algorithm [1-2]. 

CIE L*a*b* colour representation

L* = 99; a* = 0; b* = 0

L* = 90; a* = -8; b* = 39

L* = 90; a* = 0; b* = 30
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L* = 70; a* = 0; b* = 0



1.6 Segmentation Results

• 167 Videos of Hot Metal Charging collected and analysed.
• Average flame intensity across each video of Hot Metal Charge used in the 

analysis.  
• Example frame shown, flame intensity = 37754.
• 2 minute pouring video ≈ 3600 frames. 7



1.7 Analysis Results – Scrap Use

Identification of scrap types contributing to 
generation of flame

Scrap classified into 9 groups: 
• Internally sourced scrap: A Steel Skull, C Steel Skull, Cold 

Iron, Mill Products/Slabs and Tundish Skull. 

• Externally sourced scrap: Turnings, Tin/Steel Cans, 
Incinerated Bales and A0/Demo. 
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1.8 Analysis Results – Scrap Classification
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Top (High)

Bottom (High)

Top Quartile Bottom 
Quartile

High Intensity 
Flame

Low Intensity 
Flame

Scrap Type Median (t)
Turnings 7
A Steel Skull 9
C Steel Skull 7
Cold Iron 14
Tin/Steel Cans 9
Incinerated Bales 9
Mill Products/Slabs 20
Tundish Skull 12
A0/Demo 2

Top vs Bottom Quartile – High Amount Frequency

High/Low amount classification values
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1.9 Scrap Weight Classification

High flame scrap 
weight classification: 

• Sum of High amounts 
of A - C Steel Skulls, 
Cold Iron, Tin/Steel 
Cans and Incinerated 
Bales

• 5 weight groups: <10 t, 
10-19 t, 20-29 t, 30-39 
t and >39 t.  

10

33073

37765
41475 40639

53412

0

10000

20000

30000

40000

50000

60000

70000

80000

<10 t 10-19 t 20-29 t 30-39 t >39 t

A
ve

ra
ge

 F
la

m
e 

In
te

n
si

ty
 (

p
ix

el
 c

o
u

n
t)



1.10 Flame Intensity and Pouring Rate

•Relationship between pouring rate, scrap type and 
average flame intensity.

•Leading to - identification of optimum pouring rates, 
for different scrap use conditions. 
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1.11 Current Work - Pouring Position 
Identification
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Use of flame data for high and low flame release 
classification. 

Tracking Ladle position during pouring.
• Ladle feature identification and tracking from video



1.12 Future Work

•“Digital Twin” modelling of Converter Crane/Ladle 
system. 

•Application of position and velocity control to system 
model. 
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