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Calculating lime input quantity by
alkalinity deviation estimation based on support-vector-machines
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Abstract: A model for estimating the alkalinity deviation and a new method for calculating the lime input quantity are

proposed. The model employs the support-vector-machines to forecast the deviation between the slag alkalinity and the

input alkalinity. The alkalinity parameter in traditional formula is amended. Furthermore, the improved model of the lime

input quantity takes into account the impact to alkalinity from other auxiliary materials. Application of this model to a

150t converter of a steel plant shows that the support vector model for estimating the alkalinity deviation has high forecast

accuracy and the calculated input quantity of lime meets the requirements in practical production.
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(Model of lime addition based on

support vector machine alkalinity deviation

estimation)

, CaO SiO2

: R = w(CaO)/w(SiO2). ,

, 2.8∼3.2 .

0.3% , [2]:

Wlime =
2.14 × w[Si] × WHM

w(CaOeff)
× Raim. (1)

: Raim ; w(CaOeff)
; 2.14 SiO2 Si

; w[Si] ; WHM

. (1) ,

Raim

.

, .

1 .

1

Fig. 1 Structure of calculation model

,

. ,

ΔR,

, Rinput,

Wlime, .

2.1
(Establish the input and output of the alkalinity

deviation estimation model)
,

:

1) . ,

.

.

2) .

, ,

, .

3) .

, ,

, .

.

4) . ,

, .

, 8 , :

.

y, :

Rinput:

Rinput = (CaOlime + CaOdolomite)/(SiO2lime +

SiO2dolomite + 2.14 × w[Si] × WHM +

SiO2scrap). (2)

: CaOlime ; CaOdolomite

; SiO2lime

; SiO2dolomite ;

w[Si] × WHM ;

SiO2scrap

.

ΔR,

,

y = ΔR = Rinput − Raim. (3)

: Rinput , Raim .

2.2
(Calculation of lime addition based

on alkalinity deviation estimation model)
2.1

, ,

. ,

,

x′
i(k) =

xi(k) − ximin

ximax − ximin

. (4)

.

{(x1, y1), (x2, y2), · · · , (xN , yN)},

xi ∈ R
m, yi ∈ R.
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Φ(·) {x1,x2, · · · ,xN}
F , :

f(x) = wTΦ(x) + b. (5)

: w ∈ F, b , wTΦ(x) w Φ(x)
. (w, b)

:

C
N∑

n=1

Eε(f(xn) − y) +
1
2
‖w‖2. (6)

: ‖ · ‖ , C , Eε(·)
, ε :

Eε(f(xn) − y) ={
0, |f(xn) − y| < ε;

|f(xn) − y| − ε, .
(7)

ξn ξ̂n,

:

min C
N∑

n=1

(ξn + ξ̂n) +
1
2
‖w‖2;

s.t. yi − wTΦ(xi) − b � εti + ξi,

wTΦ(xi) + b − yi � εti + ξ̂i,

ξi � 0, ξ̂i � 0. (8)

, :

y(x) =
N∑

n=1

(an − ân)k(x, xn) + b. (9)

,

:

ΔR = y(k) = y′(k) × (ymax − ymin) + ymin. (10)

,

Wlime =
2.14 × w[Si] × WHM × (Raim + ΔR)

w(CaOlime eff)
−

Wdolomite × w(CaOdolomite eff)
w(CaOlime eff)

. (11)

,

, ;

, .

3 (Simulations)
2 ,

150 .

.

3.1
(Selection of modeling data and establishment

of support vector machine parameters)
, 230

,

, 150 , 80 .

, .

b C

. , 150

50 , b C

b = 0.62, C = 24000.

3.2 (Alkalinity deviation prediction)
b C , 150

, 80

. ,

, 3

:

;

,

,

,

.

2 .

2

Fig. 2 Forecasting results of support vector machine model

to testing samples

2 ,

,

.

3.3 (Calculation of lime addition)

ΔR (11),

3 ,

,

1 t ,

0.7t .
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3

Fig. 3 The relationship between calculated values

and actual values

3 ,

0.7t .

.

3.4 (Comparisons with existed

methods)

, ,

0.3%.

, 1 .

1

Table 1 Comparisons with existed methods

(±1 t) (±0.7 t)

0.4240 87.80% 73.17%

0.3493 90.15% 76.52%

0.2042 96.34% 89.02%

,

1t 0.7t ,

.

4 (Conclusions)
,

,

, ;

, 1 t

96.34%, 0.7t

89.02%, ;

,

,

.
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