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Data and Model Driven Demand Forecasting Method for
Fused Magnesium Furnace Group

YANG Jiet CHAI Tian-You® 2 ZHANG Ya-Jun! WU Zhi-Wei!

Abstract The demand of fused magnesium furnace group (FMFG) is the average value of powers at times k, (k — 1),

-+, (k —n+1). The demand indicates the electricity consumption of the FMFG. The demand at time (k + 1) depends
on the rate of power change. In this paper, we develop a dynamic model of the rate of power change and the output
current. The model consists of a linear term and an unknown nonlinear term, where the linear term can be calculated by
the parameters of the controlled current and the controller, and the unknown nonlinear term can be estimated using the
radial basis function neural network (RBFNN). The input variables of RBFNN are decided based on partial autocorrelation
function (PACF). Then a computing model of demand at time (k + 1) is proposed, which consists of the demand at time
k, the powers at times k and (kK —n + 1) and the estimate of the rate of power change at time k. Simulations based on
actual data and industrial experiments at a fused magnesia plant show that the proposed method can accurately forecast
demand trends and can prevent reduction of fused magnesia grade caused by unnecessary cut off due to the demand spikes
caused by change of raw materials.

Key words Demand forecasting, fused magnesium furnace group (FMFG), data and model driven, radial basis function
neural network (RBFNN)
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Fig.1 Schematic diagram of demand monitoring process for FMFG
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TR H B0, RIS 1R 25 ok
MU, B2 H O 2 A He fEI, BibEida

MRS, IS A BEAR. R A RS
JERRE G A BOK, e A H.

H == Hc, 1 < Hc < Hmax (44)

M EECH WEZ n, MR AR AT I
RO A 2 ST B R AR H Al

{C]h]:l? 7H} (45)

W J2= T 5 B0 s 3 ek ORI AR ) 6 o, SR SCRR
[17) 897735, FE— DA ERIXTE] [0min, Omax] PHEFT 5

dy



8 4 W7cE: Rdln SRS Y AR B P S5 R TR R 1467

Pr 88 URIE SR S, e 0 Uk 4R T4 1R 22 M BIE AL
AT I FHE o

0 = O,

3) HH ZRCE A Wb FRE 8 SRR
R e/ DR SR AN R Ty R

Omin < 0¢ < Omax (46)

w' _
o —V 47
[© 5] 5 ] (47)
;H;[‘J}jv s = [17 o 71}T7 s € RN7 ;J\_(ﬁ%‘wb ;Fn ﬂ
[“; — [ 5]V (48)

Hob, [T S SRR, AR 4 R AR

ik, V(k) th RBENN fff Sk F:

H
~ 1
V(k)=> exp (—20_2 |z — CjH?)w;? +

1
T = p(k‘),,p(k—nf—i-l),V(k—l),,

Vk—mn,)]" (49)

Hp, ny Mion, izl (28) F1xk (29) 44, H, C; F
o 3K (44) ~ (46) 25k, w” F1 B i (48) Zyih.

4) V (k) TRARAEY )75 L 50

B TR AEFOIRS S R A TR, 75 R 2wl
HARZEXS FURBIL S H w° AT HEH. W’ fE k
HHZIh w?, 3R (B + 1) B ZIAUE & Wl

Wy =l + Al (50)

SR SCHR [18] 3384 1E 22 e /N A 1) B A5 B
R

BB 1. kB2 Wb R W, B
R i, X Oy IERZ AR
Ry,
O

Hi, Qp € RN RIEXHM, R, € RTT 2 |

=4k, O € RV gagipg,
D] 2. k+ 1 WZIEHEE MR Ry

D, = Qs (51)

R, _ Ry
ot | = Qr+1 0 (52)
Hodr, 1911;+1 = [¢1(-’Ek+1),"' ,¢H(-’17k+1)]- FH
Qi1 WH Qe
Q1 | or 0
AV(E) | M e(k+1) (53)

Hr, e(k+1) = V(k+1)—97%, b,
$£B 3. hE/N_TfeEskig Awb.

Awp = [Ris1]' Qi (54)

RAK (50) 138 wiy, BHT k= k+1, R
BR 2.

gi BT, AR E R (25) A, Hi
YRR RAE Ap(k) H3L (26) g3, 5L (26) T
L rERR > Ap: (k) R (27) 4. V(k) R Ap(k)
R BB S S 2 M AT, izt (49) 4.
3 AEXESTIIE
3.1 fhEXW

A SCITR TR Y0 B R EE RS 1 Sy
AR ARG 1 AR A 55 B Bs AT O LS,
PABGIE 5 Y A A b, SO0 I P o 356 1) SR A 301
HTR, TESEn =30, BPEEEN 4 A,
R aE R FRIRE 2 22 100 kVA. MZH1R 4620
LA PR B 4000 A EHE p(i), @ = 1,---,4000
PEAT O LS H, Horp p(d), @ = 1,---,2000 il %k
£, p(i), 1 = 2001,---,4000 Hiilde. HHET X
SKASEALIT Y Ap(i)

Ap(i) = p(i+ 1) — p(i) (55)
3.1.1 MR Ap, (i)
RIS T 2S00 TAER v* = 15000 A, u*

= 6.1918 x 10~ *rad - s Kb LRt gAm X S5 A,
IWHAREIZE a1, by WIF:

a; = —101, bo =0.1 (56)

PS8 go = 6.300035, ¢, = —11.9, go = 5.6,
M T RAR AL AR Apy (0) THEA TN
Apy (i) = ay [-p(i) +p(i — 1)] +
bo(go + g1 + g2)p™ —
bo [90p(i) + g1p(i — 1) + gap(i — 2)]
(57)

Hr, p* = V3mU cos py*, m = 4, U = 190, cos ¢
= 0.92.
3.1.2 ny Mn, BRRK

XF 2000 ZH I kB 4R B 2R 1) 47 5k
PACF J¥4I{E N

P(1) =0.9402,  1(2) = —0.2357
P(3) =0.1486,  1h(4) = —0.0050
¥(5) = —0.0078, (6) = 0.0068
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Eihd 44 %

HE

¥(10) _ 0.0070 (58)

PACF ) 95 % RYE AKX, [—0.0448,0.0448], 24
ny = 4 B}, PACF A 95 % BAEKIE N, FHILE
T

ng=4 (59)

Bl Xt 2000 ISR 2 n ) AR BN AS
K PACF FPI{E N

P(1) =0.9269, (2) = —0.9471

W(3) =0.8522, (4) = —0.6768

W(5) =0.2228, ¥ (6) = —0.2071

W(7) = 0.0239,

¥(10) = 0.0278 (60)

PACF 1) 95 % Hy'E A5 XK [—0.0448,0.0448], %
i

n, =717 (61)
3.1.3 #T RBFNN § V(i) &t

g TP RBENN 1|25 5732 i A F i
B

<I>

H
(i)=Y ¢;@))+ 6 (62)
j=1
Hrp, = [p(i), T 7p(i_nf+1)7 V(i_1)7 T V(l
—n,)|". el o MARER 0.8, KAy EE H 1
B—HMAE Hyax = 200.
WK 3 P, BT 5 Prad R UESE s, WA
— IR B Y RS N, e SR 0 UE AR Y T AR
REH (MAPE, RMSE) #AERUN, (Hi 277 5
¥ H > 60 I, SORRIERAY PR IRZE R IR AE
B/ ), AR RIS R PR IR ZE R AT SR, PR
P S Al SRR & 21T U

Ye

frikse
—— RIFE

N

0
50 100 150 200 50 100 150 200

K3 BRI S SRR

Fig.3 Cross-validation of the number of hidden nodes

H =60 (63)

e 4 Fros, FERBIEHE [0min, omax] = [0.01,
2.00] W, i 5 Prad IR UESEY:, W& o Rk
SR BUE SR P TR DR 2= FR AR A BB, 2 o > 1.2
IS AR R 2 AR AR I/ N R AR /DS, PR AR 5 B
TP 1 R KT

o=12 (64)
G
6 % 300
RS RS
4 oiE S oiE

0 0
0 05 1 15 2 0 05 1 15 2
o PR G T T PR A

P4 el ek RO BE A A SR I

Fig.4 Cross-validation of the width of Gaussian function

WiE H fl o Z )5, S IIGEL I IEAL
Gy, 153 H Al st C5 IRIRTE C;(0), 7 = 1,
21 Ty 607 Eﬂ

C.(0) = [0.3231,0.4961, - - - ,0.8833,0.9910]"

Coo(0) = [0.8934,0.8902, - - - ,0.5330,0.5468]"
(65)

L (48) SRIEAUE I W IR w"(0) FI
w3 ¥Ika(E 6(0) 4

w’(0) = [2.1270, 7.1224,--- ,—1295.4]T  (66)
3(0) = —0.0057 (67)

3.1.4 Ap(k) FIREAIUE

B 2N 2R 5 1 TR A AL 0] 8 A4 1 2 000 4
B AT I IE, AN 5 R, W] AR PR AR )
TR EE AL HE T A R A AARIE R TI%R
AT RZE N Aey (k) = Ap(k) — Ap(k), WA
FiRZE Aey (k) J75 BH S 2 I —A> 1 W B Rk
ity Ap(k) WiiRRZEFRFA AR 1 R, WiikiRZE
FEBI ) 250 1.1481E+6, #5254 1071.3.

®1 Ap(k) BiliRESRR

Table 1  Forecast error indicators of Ap(k)
LR RMSE
1.1481E+6 1071.3
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Fig.5 Forecast validation curves of Ap(k)

3.1.5 P(k+1) FIREEEIF

LSl vl L o S TR i BT b i oo = N
ks, 5l k= 171~220 W B, WK 6 Fis;
k =571~ 620 W, A& 7 fiw; k = 1356 ~ 1405
BBz, WK 8 Fik.

K6, ko= 171 B, HEEEEA P(k) =
21427kW, XA RFURM P(k) = 21421 kW; 24
k= 187 W}, Fik LI LM BN R P(k) =
21833 kW, X W aE b FURM P(k) = 21 842kW; 2
Je BT R R R G R EM, P(k) JFUA T %,
Lk = 194 i, FREKE P(k) = 21598kW, X}
R BBUHRAA P(k) = 21620 kW.

,
29 210° : : — .

2191 1

2.18

§2I7

E@Z 16

215 e

14l e A TR
G i [5] BRI

175 180 185 190 195 200 205 210 215 220
KHER Ts

6 B 1 AR

Fig.6 Demand curve for the 1st time period

"
220 MO . . . . . . .
2.21
22
B2.19
g
F=22.18
217 y8 B |
=X = AL TR
2,16 <O R [5] TERIE a
215 . | . | . . . . .
575 580 585 3590 595 600 605 610 615 620
RHFER Ts
T2
Fig.7 Demand curve for the 2nd time period
2.2 ]
218 b
<216 1
i
214 FETIE 1
—x— E TR | P
212 SO TSI FURE | %
2.1

1360 1365 1370 1375 1380 1385 1390 1395 1400 1405
KEEE Ts

K8 mhE: 3 Fif Lk
Fig.8 Demand curve for the 3rd time period
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¥ 1%

/7 o, ko= BTL I, RSk P(k) =
21678 kW, X FHEMR(E P(k) = 21687TkW; k
= 592 i}, TR B P(k) = 22067 kW,
THRTURM P(k) = 22080kW; ZJ5 P(k) JFFIAT
W, k= 620 I}, Fik P(k) = 21 730 kW, Xh 5
FRAEH P(k) = 21 704k W.

8 1, k = 1356 I, FRSLFREA P(k) =
21450kW, Xf W & WM P(k) = 21445kW;
ko= 1385 B}, HiE % B KHE Pk) =
22011 kW, S & WM P(k) = 22006kW; 2~
JG P(k) FFUa T, k = 1399 i, Ff P(k) =
21667 kW, X/ = HiHRAE R P(k) = 21633kW.

MIE 6 ~ 8 BT PAF i, 78 =AM BrHh 75 w5k b
AT RETARME R E TR NS A Rl e
SIRTIR T VA TR RE, A SCR IR ZE T 22 . TR
43k (Percent better, PB) | #5452 (Root
mean square error, RMSE) 20723 | SEH5 24 5655 7 4 1%
7 (Mean absolute percentage error, MAPE)P ff
SRV BE R FE R, TR A KT

(68)

Hrp, Pos(k) = (1+05%) x P(k), N i
FEA I REA B, P R 6~ 8 It [A) B i ik 42
2000 N RAE SRR S B 1R 25 7 51 H =X (68) HE4T
TE, XY R SR AR WL 2, IR EIIH
J 1275.7, IS EE 4 L 97.55%, RMSE %
35.7104, MAPE 4 0.1054 %, 5 3C#k [5] " ik
VX E, AR S T R I SR N T TR R 25 A 25 A
RMSE, $&& T ik B a4t HX (25) vT4, 7
TR VR 0 A 2 AR FE U T Ap(k) BAk .
o T F TSI Ap(k) SRR (22),
Ap(k) WAl T4 A RS B TS L M4 Apa (k)
FREBEE V(). Hob, Api(k) it (27) 4,
KA V (k) =X (49) RAMAEM GG Hi, 5
R M 22 45 B ARG 1T Ap(k) 19 SCHR [5] FH G, 4
SCITHRE T 2 PR 0 ) M S A Tk A D)

B F, BN 2 R Al T SR I B 2R, (] I
BRI AR 5, WL T B TR A 2K,

*2 FEIHRIRZESER

Table 2  Forecast error indicators of demand
T % PB (%) RMSE MAPE (%)
Sk [5] 1533.0 97.05 39.1921 0.0979
A 1275.7 97.55 35.7104 0.1054

3.2 Tolkscig

e A R O YR B T IR BR D) 1 5
P78 s e OB LAY R A P A R e P A,
W1 PR zid e 25 m 1 SR (S
SF9-22500/66, #iE 7 ft: 22500k VA), R Hs Wy i
#x (10kV, DJS-10 LA M ), 5 & HLp 28 s ds
(A5 HKS-4500/10, #i5E 45 H: 4500kVA), 5 &
A B (B2 2.7m, & 3m), JHEERHL (5
YVP160M-4, FiFr3% 11kW), PID B jidas il #%
(CPU %5 313-6CF03-0ABO0). 24 K% & 75 & i
WE{E 21 800 kW, FEW A= GHCH 4 . %) WK
BTSN OIS AR PR, SRS br(E
e 75 BRI (R LR I AL T 4 S SRAE i (28
M) IF, HEAT DI R AR, 245 A S PR AR T e R MR
(BN, X% & USSR B AT I i FL A 1.

321 HEWRRGEN

R ASCI R AR B TR R TR RS,
BECEF- G o8 1 agaEe IPC-7120 58 it
HLPAK Siemens CP5621 i .

TR &4 STEP7-Micro/WIN
ek, PC Access OPC R4 #5544, SIMATIC
WinCC Explorer i #2 I M8 % 4, jdk1.7 R A1)
JAVA {97 % T B AL, JAVA £ i T & 3 55
Eclipse % 1 EPA N Windows 7 #/E& 4. ET
IR FIAS ST B S ) 1) 75 R TR A
ST ANE 9 FrR, Hr SRR TE mSLbrE, Bk
RN TR,

BRI T B TR
2.4 T B TR AT
n

HE LA H

1

343 2344 2345 2346 3347
K9 TR A

Fig.9 The interface of demand forecasting software
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3.2.2 TIREEMSHEEF

PRSI 1) Z A0 115 S B 45 TR I A i AR A 73
SR, AR A B ny =4, n, = 7, BEE
TREH = 60, FilieREGEE o = 1.2, HfhS8H
—/E\‘Mgﬁu_Fv EP‘D):I_:_'; Cja Jj=12,---,60 A

C.(0) = [0.3231,0.4961, - - ,0.9910]"

Coo(0) = [0.8934,0.8902, - -- ,0.5468]"  (69)
R BUE R W R
w’ = [~2.5886, 7.6589, - -- , —879.1062]"
W 8 A

(70)

3 =0.2957 (71)

323 ZEWEHR

FERFEE 21:00: 00 ~ 05 : 22 : 29 PEATHY Tl 525
TR O T S P fE R TR (R £ A A 10 ~
12 k.

TENFBE 1 (22:48:23~22:54:13) 1, P(k)
Hi 22:48:23 [ 20801kW b % 22:51:11 1
21689kW, P(k) H122:48:23 ) 20810 kW LT} &
22:51: 11 {1 21690 kW; 2 J5 P(k) FFe% 22:54:
13 {19 21104 kW, P(k) &% 21 123kW, #1j 10 fr
JIN.

FELIE RN T B TR

21750 F
21 500
z
Z 21250

]ﬁf'é 21000

20750 F

20 500

22:50 22:51 22:52 22:53 22:54
B 10 BBr 1 FEEhL

Fig. 10 Demand curve for the 1st time period
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Fig.11 Demand curve for the 2nd time period
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Fig.12 Demand curve for the 3rd time period

0047 0048 0052

eI B 2 (23:18:43~23:24:33) 1, P(k)
Hi 23:18:43 [ 21253kW L JF & 23:21:10 fiy
21783 kW, P(k) 1 23:18:43 (21 247TkW kI &
23:21:10 4 21786 kW; 2 J5 P(k) FHZ 23:24:
33 117 21 041 kW, P(k) W% 21 049 kW, 1 11 fif
IN.

TERHEE 3 (00:46:13~00:52:03) o, P(k)
Hi 00:46:13 (% 21122kW EJFF % 00:49:08 f1y
21780 kW, P(k) H100:46:13 4 21 127kW EF} %
00:49:08 f 21 813kW; 2 J5 P(k) FH% 00:52:
03 1) 21375 kW, P(k) %% 21369kW, #1 12 fif
JN.

7 KR A7 ) 155 0T, 5 e S B (LR 9T 41 L T e n
Kl 13 Fi7s, 76 22:38:00 y 21 826 kW Bt L T 4%
I A LI R JS — Bt Ta) (10 ASRAEERIY) sk
P e 7 PR S 2 Ik 3.

FRJE RN T 58 it

22 000 frz- v x4 T

21750}

21 500}
2 21250}
18 21 000 f
20750}

20 500}

20 250}
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| P
Mo
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Fig.13 Demand curve for cut off time period

22:39

h#E 3 FE, 7£22:36:50~22:37:53 Hi[wH]
2 BNy (B N 75 B SE PR BT B S, R R A
AR R A b, E¥ A F. 78 22:37:32
i P(k) S 21 812kW, JF 4l th 75 it BRI (H, %)
W P(k) 2k 21829kW; 22:37:32 2 J5i4%4E 4 IR
FERF 255 820 21834k W, 21835kW, 21 833kW,
21 826 kW, Xt AT fE A 21 849 kW, 21 839 kW,
21829kW, 21 822 kW, [ Hij 4 YR RAER % 1) 75 &
SR E AN TR R TR A, T 7E 22:38:00
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e

Eihd 44 %

L
=2

HEFTRI 8 0F, Rk P(k) % 21826kW, P(k)
> 21822kW; M 22:38: 07~22 :39:03 Hi 5k
BN P(k) FMRa, whRi Pk) 1T .

* 3 R B R R 2
Table 3 Demand forecast errors during cut off
time period
R[] WShME kW)  TEEHRE kW) #2% (kW)

22:36:50 21626 21635 -9
22:36:57 21654 21650 4
22:37:04 21692 21685 7
22:37:11 21728 21725 3
22:37:18 21754 21751 4
22:37:25 21788 21787 1
22:37:32 21812 21829 —17
22:37:39 21834 21849 —15
22:37:46 21835 21839 —4
22:37:53 21833 21829 4
22:38:00 21 826 21822 4
22:38:07 21691 21819 —128
22:38:14 21510 21463 47
22:38:21 21335 21318 17
22:38:28 21191 21176 15
22:38:35 21049 21056 -7
22:38:42 20908 20907 1
22:38:49 20751 20769 —18
22:38:56 20581 20577 4
22:39:03 20407 20385 22

FIAF RIS, BRTELRERL T

it PR R (L, (H 3 T (e MIE 13 Ik 3
DA Y, 75 i RS AE AL ]I 2 BB T 22 e T
Wl 35, RN ) T 1 S PR (B A AT RE & R R 21 R
WRAEL VAR, T8 232K WAL 1] ) R B S AN a2 P 1 .
B, FFA SO S TR O35 A 5 B i R A
KA B 00 SR UEE 5 [ R PRy AN b BRI, X4l v 7
BIR MR L 380 2 (L, AT 2 g A2 7 I R Y FL BB R %
MRS

R R AL ] IR B P 75 B AT 1R 227 e 2k ] 14
JIe7R, R TR 5 R R 8 T A ] IR 22 Hi Y SR A
PR TR, THRER AR SR N — N 2IH 5, B
PATERLIF JG T — I 2 R AR R 22 5 2 Wi iR 2
AR AR TR I sh A AL BEE N TRIHERS, TildRAs
VUL DNG =S KON A LT P SN R B4 € 2

o 2 ASRAE 22 )5, F R TR R ZE S WE D, B
B AR R ] DAL I b B 5 Bl A AR AR I R 4R
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Fig.14 Demand forecast error curve during cut off

ﬁ}

time period

R 40 B3 2 56 ) i, %R A2 sh VR B TR) BRI 7
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Fig.15 Demand forecast curve during restore operations
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. 7E b AbBk 2 5T 8 NI IR R R T, FHE PR
WELN 2 NRAEAMZ G/ EIEFERE. 1 ¢
A PRI L, T R LR IR T T I T i
Tt, FHEFHRIRZEL 3 A RFEE BN IE T
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SAEATHERE A BT, 5L 50 1) 7 R T R R 2 R T
AE BTN E 17 frR, ol AR B R ETRIRE
KA HE [—70,70] Z N, 275 H M X R 5L
FCHBAFE A EE MR (9 95 % E{E X JA] [-0.0299,
0.0299] Z P4, BRItk ] 5 90 4 22 25 40 A 1 W s 7 41,
VLHA T 75 R PR i T SEHE.
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Ko k
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£200 "5 = "5 = .n) = "5 < .’5 - A
AT i N A iy
S A I A 2
If 18]
Bl16  PRAZALHENE T iR 2
Fig.16 Demand forecast error curve during
restore operations
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Fig.17 The whiteness analysis of demand forecast error

in industrial experiment

MRAEF (68) T2 Tl S5 i 7 B Rl 5%
PEBREFEAR ILFE 4, I 258 1049.8, Fks 40 el
97.68 %, RMSE > 32.3981, MAPE “4 0.0996 %.
M4 ATLAE ), SR AS SCHR Y 75 BT 7 YA fE
R MR IR R — I 2 ) 5 A, xR
2 R LA B E L AT 45308 X

F4 TSR R HRIR SRR

Table 4 Demand forecast error indicators of
industrial experiment
% PB (%) RMSE MAPE
1049.8 97.68 32.3981 0.0996
4 LHig

RICHESET (k1) i 2 BT 70 i
M, R (k + 1) B2 P(k) Bk T 2Ry
3 Ap(k), PAJ Ap(k) Tk T 74 b 5 5ck b
LR, SR T R P RTUROE.
Ve ARMERIR . T PACF 4 A s it Mo S 1
RBENN o 144 5 S TR (k + 1) 220

Pk + 1) kR . it 5 e Se sk
31 47 BLSE IR Tl S 50, %0k AT o T TR
ARG, AN OUKT T T e R 7 1S B
VA A 5 B S, Tt ELF Tl 1 B R G B AT
Fehr i B — & S .
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