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Abstract

Abstract: Aiming at the traditional energy consumption modeling methods of discrete manufacturing
system being difficult to adapt to the complexity and variability of working conditions, an online dynamic
energy consumption modeling method based on real-time data is proposed. The energy consumption
affecting factors are determined by analyzing the operation mechanism of the discrete manufacturing
system and equipment. An online sequential extreme learning machine algorithm that can dynamically
adjust the number of hidden layer nodes is proposed to construct the energy consumption model. The
real-time data can update the model quickly. Bernstein's inequality is introduced to improve the model
data screening ability. The simulation experiment and the comparison show that the method has better
regression accuracy, smaller prediction error and shorter modeling time, and can be applied to the
dynamic modeling and online prediction scenarios of energy consumption of discrete manufacturing
systems.
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Fig. 2 Energy consumption prediction mechanism of discrete manufacturing system
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3.2 BI-IOSELM Z M4 ged FMIBI-IOSELM, EEMIfes4s & (14), (15)5 5

e e e
R B R R , B i 5

R B B 7 22 ) N A 0 L @ﬂéiﬁRﬁ%&Mfﬁm% AAINETES
DJ: ‘\'\‘_',ﬁ JREA | :

5 MR AT IR, % 1 . SRR ZE R A ST

1 N
F1HIRERLE RMSE = /NE(P,;—P,,)2 (29)
Table 1 Dataset description k=1

2R3 UCT #i s 45 K 56 1iF BI-IOSELM H32:

e FEAH FFHEHL Kb PO IGREEREA IR B8 h AR Rl )1 .
Energy Efficiency 768 8 1IN B AE AN R N, IR [ )RS A H
RealE.stateVaTluatlon 414 6 it Zliiizﬁéﬁx:?szzl\ N2:2;FDN2:3HT‘fﬁJ\%UiE

Air Quality 9358 12 e e e . .
Yacht Hydrodynamics 308 6 707 HsE 5. BI-IOSELM & 53 41 3 Fh S0 1) 477 B
SkillCraft1 Master Table 3395 14 MRRSE R UK 2~4 Frow . tHKES RaT s, fEN,

BUEAS[F I, BI-IOSELM Sy 7E 5 F i 45 o 46
HEBRPO T RAL, HRMSEW TR, XEH
BI-IOSELM S92 (40 & ORI T 53 40 3 MBI .
e S5 FI i 5 T, BI-IOSELM ) FH i B = 1
OSELM #1 IOSELM, {HAH Lt ELM ) H I 5 55 #)
KI$ETH. SI10SELM ML, £eid BT i ik (1)
BI-IOSELM, EARLE i IS A S0 I (8] 12 2%, (H
KU REIE XM E, =T T BRSO, L
6 2% WA SCHE H ) BI-IOSELM i SE A5 %%, ] s
THELS 5

A% F ELM. OSELM 1 IOSELM fE & BI-
IOSELM ) %f Eb 575, ELM Al OSELM F [ 8 )2
T B N 30, T-ELM Al BI-IOSELM [ i J2 =1
RABH IR, Y A ORE BN 30, TR
R IORE N 0.9, IR 5L I TE LR ) g
715 BIRAER S Bl SR AT M, 2375 SE XAl
30 SR EAEHEAT A1, R 5 ASEADLAE S I H5 40 A W
I3 5 A EARERY, R4 H 1 ST E s
NN N,o XF ELM, FikaBE H a4,
FRE P L AR X T OSELM. IOSELM
2 N=1 I EEIALE R
Table 2 Algorithm test results when N,=1
ELM OSELM IOSELM BI-IOSELM

R* RMSE tls R* RMSE s R*  RMSE 1/ R*  RMSE s

Energy Efficiency 0.887  3.052 3.641 0.891 3.065 0.188 0.891 3.016 0.250 0.923 2.664 0.266

Real Estate Valuation  0.504  7.929 1.516 0.501 7.854 0.163 0.571 7.454 0.188 0.637 7.113 0.227

Air Quality 0.957 67.998 340.980 0.949 66.619 1.297 0.900 66.139 1.318 0.961 63.845 2.406

Yacht Hydrodynamics ~ 0.741  5.114 0984 0.721  8.175 0.125 0.658 7.630 0.141 0.766 4.914 0.198
SkillCraft] Master Table 0.974 9.951  40.875 0.942 9.744 0.500 0.838 8592 0.503 0.986 7.283 0.641

Hifatk

R3 N2 I SIRIRAE R
Table 3 Algorithm test results when N,=2
ELM OSELM IOSELM BI-IOSELM
R*  RMSE s R* RMSE ts R* RMSE s R*  RMSE s
Energy Efficiency 0.885  3.050 1.984 0.876 3.152 0.250 0.880 3.116 0.266 0.916  2.653 0.322
Real Estate Valuation — 0.541  7.620 0.766 0.466 8.032 0.234 0.592 7.326 0250 0.645  6.965 0.297
Air Quality 0.954 68.951 184.200 0.953 70.112 1.313 0.937 69.312 1.516 0.962 63.085 3.469
Yacht Hydrodynamics  0.738  6.896 0.547 0.632 7.830 0.141 0.641 7.758 0.172 0.826  5.838 0.188
SkillCraft] Master Table 0.961 10.864 24.750 0.954 10.588 0.281 0.907 12.495 0.297 0971 8.711 0.516

il sk
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Table 4  Algorithm test results when N,=3

. ELM OSELM IOSELM BI-IOSELM

EVEITE S > > > >
R RMSE t/s R RMSE t/s R RMSE t/s R RMSE /s
Energy Efficiency 0.889  3.000 1.594 0876 3.157 0.219 0.882 3.094 0.234 0.902 2.835 0.313
Real Estate Valuation — 0.520  7.321 0.578 0.517 7.767 0.203 0.281 7.271 0.225 0.638 7.018 0.291
Air Quality 0.956 67.393 122.530 0.952 69.556 0.329 0.953 69.225 0.391 0.960 64.476 2.984
Yacht Hydrodynamics  0.786  6.363 0.453 0.547 8.419 0.115 0.632 7.830 0.121 0.805 6.114 0.126
SkillCraft] Master Table 0.964 9.652  15.844 0968 9.217 0.219 0.892 10.038 0.328 0.969 9.069 0.507
3.3 REFETEL TN L P=P(n, v, . a) (31)

3.3.1 B SRR
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&N B R BIHEAT R . R 15N EH
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KANFEGHEF AR 0T B TAF3EAT Y]
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TESHAYIEERE ve AR IR o
EriNE et e K Ve O i ML L N SN
AT R, HAE TAER BeFE nl L E 1R 1E &
e To2, IIRETRENIIRA

P=Pp(n)+Pf(f)+PC(v,f, a)+P, (30)
X Po(n) ERIKBIREER T, 2R T n iR
B, P(N) NGB IR, ZRT IR
P.(v f, a) NUTEITh R, ZRT v fAla PR EL;
PONHEBIREL D), R AR IE 2l WP, uH
Bo T, ARSCHEINTORE T ER B RE
SO R 3RO T hih e . DS . BE2e R ATY) I
WEE. e, KGOy E£RN

X Poovfa) NEENIIE S n v fMall
BRI
3.3.2 WAESLR

AR S LA SCHR 20142 L (¥ 64 41 B FE KL 10E 47 fE
FETELR TR R0 L5200 . AeFE AR 2 75 fic 4 4
Bz R GE 1 CK60 B35 2 IR E V) H| TAT(45 5 # kL
R RAEIRAT I A [ () R vy
R VIHIREE a F1 1 HlE T n, FIH WB9128 =
FH T 28 4% RS R AL XS LI 2R T 28 Po 57 $ 4l
s pR.

x5 MAEAR
Table 5 Test Data

%  v/(m/min) f/(mm/r) a/mm n/(t/min)  P/W
1 60 0.10 0.5 381.97 14408
2 60 0.25 2.0 561.72 34633
3 80 0.10 0.5 509.29 1583.9
4 80 0.25 2.0 748.96 43644

61 100 0.15 1.5 860.29 3503.8
62 120 0.15 1.5 103240 40749
63 100 0.10 1.0 649.61 2312.7
64 80 0.10 2.0 578.74 2 638.8

B E—/N e, R hh . DT A
G AP HIRFLIX 4 DA B R B E IR & 1
REFERZMA R 2R, T, ASCK 64 ZHREFEEHR 4N
B Design Expert 11, 737351 4 AN 2 A 2 4
TREFFAAE, 2t 55 ok 2 AR 2 5 REAE IR me B it i
B, 2, 153025k Sl L, i 3~4 Fros
EH e 87 RS A, BEERRERE S R 4N T
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Fig. 3 Response surface plot of energy consumption and
feed rate and cutting speed
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Fig. 4 Response surface plot of energy consumption and
spindle speed and cutting depth
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H, IR ZE 43 HE AL 55 (DE) KA i f A 1 46 1)
SRS 4, DERILMSHRE S CHk21]—
i, BPNNHAYALE 4N AMHE TT AN 1/t pf
20, R 2 o8 H B E N30, YIgRERIR
B E 9100, ASCEFER S 1P T 1~60 HEHRE 3
TINZR, FERE S, P95 61~64 BIEHE 5
UE SRR T GE /7 42 R AT, SeH i 30 41
KW AE Sy s B s AT DRI SR, 43 B0 A R 1 e
FERLAL, o T AR 7 I AR A 2 R RE UM (1 SR AR
SRR, W T 5 30 HEHEAE N
SER R NI B . K4, DE-SVR #ik
7R 1 AN ZRE, {6 ] DE #i 52 fE §1 2 B 2
K, JE SRS AR I, BB SVR FE I
AL, IGSERE, SR R RMSE
FFHBT W 6 AT . 20 il & A5 2 1 [m] VA 4 5 i
BRAEHEAT Bt 15 2045 2 5500 1 B0 K R0 SF 25 AR X6
w2, WETFR, T BI-IOSELM H %L1 fE

B [l 8R0S B
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Table 6 Model test results

=RPR Vit R? RMSE tls
DE-SVR 0.982 8 130.980 23125
BPNN 0.978 1 121.100 5203 1
CART 0.853 5 356.460 0.718 8
ELM 0.995 8 64.833 0.1719
OSELM 0.9899 99.627 0.078 1
IOSELM 0.989 3 102.800 0.1250
BI-IOSELM 0.997 4 50.503 0.140 6

RT EIHIRZELER

Table 7 Regression error comparison %

e ﬁ%ﬁﬁiﬂ!ﬂﬁ ‘

BRI RZE SFIIARRT R 2
DE-SVR 14.84 3.70
BPNN 22.80 5.74
CART 34.34 10.12
ELM 9.47 1.90
OSELM 11.41 2.74
IOSELM 13.21 3.26
BI-IOSELM 5.33 1.39
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Table 8 Forecast result

. DK 1 A 2 WA 3 T Kk 4
i e WEY% T {EL RZEY% TS RZE/% i e W%
DE-SVR 35935 2.56 3868.9 5.06 22267 3.72 27588 4.55
BPNN 3280.3 6.38 3820.3 6.25 22720 1.76 3156.0 19.60
CART 4 666.7 33.18 4 666.7 14.52 21352 7.68 3266.5 23.79
ELM 3598.6 2.71 4099.5 0.60 22964 0.70 25136 4.74
OSELM 2859.1 18.40 33172 18.59 2691.0 16.35 3158.6 19.70
IOSELM 3057.7 12.73 41476 1.78 2691.9 16.40 3055.3 15.78
BI-IOSELM 3541.1 1.06 4058.3 0.41 2328.1 0.67 26324 0.24
4 45w REAERE T . AP KO ie S0 b, R W BI-
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