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Abstract: Aiming at prediction problem that takes ethylene yield as production index, this paper establishes the ethylene
yield prediction model based on the bi-directional gated recurrent neural network (BGRU), a learning based artificial bee
colony algorithm (LABC) is proposed to optimize and design the prediction model with the goal of minimizing model error.
When constructing the BGRU prediction model, the actual production process of ethylene cracking furnace is analyzed to
determine the key factors that affect the yield and take them as the input of the model. In addition, LABC is designed
to comprehensively evolve and design the structure, initial weight and threshold, training ratio and momentum factor of
the BGRU model. In LABC, the state set, action set, reward function and optimal hybrid search strategy in reinforcement
learning framework are constructed according to the characteristics of artificial bee colony algorithm (ABC), on this basis,
a new deep double Q network (DDQN) is proposed to realize the optimal hybrid search strategy. Through this strategy, ap-
propriate search actions can be intelligently selected to perform local search for different states. Results of experiments and
comparisons on actual production data and standard data set demonstrate that LABC BGRU model has the characteristics
of high prediction accuracy and strong applicability.
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ANFERA R ) 14 ZELI R o 5 0ot A SR B AR AN A 5 | 5 1)
A T % # (gbest-guided ABC, GABC) & 44| LA-
BC(R)(R-random) 51k (Fi4E%e =1, Rl 58 R REH L
HE) 5 LABC HiL (I Fa=0.75, Fr1Fvy=0.2,
AR =0. )BT L. BESN = 50, limit = SNx D,
G =100. 3FhEEAE D = 300 ST 5256207 1 45 J 4
R2FTR.
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Table 2 Optimization performance comparison of GABC, LABC(R) and LABC
_— GBC LABC(R) LABC
wE wmZEE CPME WBE BEIUME mEE CPYE FEE BRRE mEE CPYE bRiEE
F1 4.5e-232 3.1e-177 2.5e-178 0 0 0 0 0 0 0 0 0
F2 2.5e-223 1.9e-167 1.0e-168 0 5.6e-303 7.9e-235 4.6e-236 0 0 0 0 0
F3 4.2e-200 1.6e-158 1.3e—-159 4.2e-159 8.8e-308 7.9¢e-234 4.1e-235 0 0 0 0 0
F4 49e-106 3.4e-77 1.8e-78 7.7e-78 3.7e—159 2.5e-115 1.4e-116 5.8e-116 1.4e-224 1.2e-181 6.9¢-183 0
F5 6.0e-112 3.5e-81 2.9e-82 9.1e-82 5.4e-156 1.3e-120 7.4e-122 3.0e-121 2.0e-284 2.3e-154 1.3e-155 5.3e-155
F6 24e-106 6.3e-78 3.5¢-79 1.5e-78 6.6e—151 2.6e-82 1.4e-83 6.1e-83 3.3e-252 5.3e-148 3.5e-149 1.3e-148
F17 0 0 0 0 0 0 0 0 0 0 0 0
F8 6.2e+01 1.4e+02 1.0e+02 2.3e+01 9.2e+01 1.7e+02 1.3e+02 1.0e+01 0 0 0 0
F9 12e04 8.7e-04 4204 2.5¢04 1.0e-04 1.3e-04 4.1e-04 4204 3.0e-06 9.9e-05 5.2e-05 3.1e-05
F10 1.7e+05 3.6e+05 2.8e+05 4.8e+04 9.8e+01 9.9e+01 9.9e+01 2.4e-01 2.2¢-02 2.2 4.5¢e-01 6.6e—01
F11 0 0 0 0 0 0 0 0 0 0 0 0
F12 2.1e+01 8.3e+01 4.4e+01 2.4e+01 1.0 1.3 1.2 9.6e02 5.9e-04 8.2¢—01 6.5e-02 1.8e-01
F13 0 0 0 0 1.9e-13 2.3e-1 6.0e-2  8.0e-2 0 0 0 0
Fl14 4.4e-16 4.4e-16 4.4e-16 0 4.4e-16 4.4e-16 4.4e-16 0 1.4e-16 4.4e-16 1.6e-16 4.2¢—08

R 2 /] 50, X1 F1, F2, F3, F'S, GABC &k,
LABC(R)FEH A RAF H A AAE, TILABCH. V%K%
AUE. BT FTHIUE — A XIE, F1FE%E
FIi iR, BT U3MEEEFTAIF11 F# S T el
B T T AR R 50, 3R BV EHR RE RIS B AR
2% b ik, LABCH.VE B A B i B SR RS B L kAR
JENE.

4.1.2 LABCHZSIERE. IR0

RNXTLABCIS: 2 i e L ) g Btk —5 00, A

YHETFLABCE: 3154100058 42 s 28 AR 1
WESFTRIILABCHI . > 32 2k

S TN, TERT330IK 5 kAR, % 21 2 ih £k
PETHE FEAL R, HFR G UK, U B BEARTE VI 2]
AT RERR, T SRR BINE, BE DR
B0, e AR I AR R AR IR it SR, AT E VI
2600V BHT SR BB AR, £5 L nl A, ALy
Jih s BA R TR BARLEEARI 2R SJ 156 &5,
M{FLABCRUR S EIFET.



10 3 B, JET N TR R R GRU M 206 7= 2 Tl 1753
or 9.0
~s0f R :(5)
-100F @ 725-& —
= -150 Eé 7.0
X ook Z 65f
T:\; -250 }i{ 60T i *
55F
] R T
Bl 8O0 ot o @
—0T 000 400 600 800 1000 ° “P\BC/ W
SESTHEAR (a) FEAL
Kl 5 LABC2: )3 mhith £k & 8.0
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4.1.3  BGRUMIHRAL B oA M5B w "Of i
A YerAiE R FILABCATBGRUI 24 1) 4514 . 4146 4L e g
(NI IR RIS B R T AT R AL B 1 2, 5 6or -
AR 5 BHOS LN I L TR ST T osst
1) BETHLE 28 A PR % 3 2 2% (B — B e Eera—C e
), WaJZE 5 2G> 2SI 4004 i 7038, 17 5 B0 Mgt o 8OV
Bk %4 53 00 £4% 71 5 S LG AFAURE A 1 5837 7 1 5 WL
e, AT BN R B AR (b) FEA2
2) 2 I e P S R 2 ARy Hh A1 S5 3 2 ) 70
3 5% 2 AR U ) 2 A AR s P, K b S ® 6_5_5 ==
W BRI AE A 7 Y R A v P 45 TR 1 | .
3) PIZREL (VI ZREEREA B MR EERERD 1L K 5 S5 3
AL, SN 2 PB4 AL A = 7 %
4y B BRI PR SR T, (65 S0 g
SLE 6 BE ST 5 16 O S 0 AR K, A FEE B ) a5l
AN, PRy e e %
gHE— 2 B SR 2 0 S 4 U5 Wb
52, A SCF BGRU, B I 25 & 7 (BGRU additional (c) FEA3

momentum method, BGRU AM), LABC BGRU(V)(V-
Variation) (UM WA BUE A S {E A 46) FILABC_ BGRU
HEAT AR FEUCTEE FE h (1 CCPPAR E B £E 2 Pl 1L
FHE3LHAREA KR, ARV ZR 10007, TS5 MHXT 15 25 45
R & 6 s, 1 LLE H LABC BGRU(V) Al LABC.
BGRUH] &1 TBGRUMBGRU AM, %6 1iF | W 28 %]
GEAAEL AT BT X 258 R 5200, LABC BGRU [1) %
& AT LABC BGRU(V) SEAR, 13t B X 25 28544 | )11 5
E N By 82 PR 0k 199 28 T AS FE AR A AR . Ak, AR
P 3 AFEAR S 8] R BRI 1) 5 A0 ELREAT T ZE 4 b
(analysis of variance, ANOVA), Kt — D UG UE 51 Y
HWZES. B7TER T 4FBREA R VI GEAR 20 R
S5 1E A4 }295% B AZ £ N 1) Tukey’s HSD £ 45 1)
BEXN), 7T LLE H, LABC BGRU 54 ELAE M 7K
*F I 5BGRU, BGRU AMA . % % 7, HIL TLABC.
BGRU(V).

Kl 6 ANFIRSHLZE Fonf LA A R

Fig. 6 Box plot for comparisons of different model result
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Fig. 7 Interval diagram of variance analysis between
LABC BGRU and comparison model

2UCTHE B Y CCPPRRYERIESE: http://archive.ics.uci.edu/dataset/294/combined+cycle+power-+plant.
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Fig. 8 Convergence curves of different model
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Table 3 Testing results of CCPP standard data set

TR BBUZ e PIHIHRZE %
RBF 8 17.91
LSTM 8 18.32
GRU 8 17.71
BGRU 8 9.59
LABC BGRU 8 7.88

4.3 - TLAC BGRU Z 457 2 1l

itk — B IFLABC BGRURI A %k, % #iiL
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¥, SR 5 A Hart S 80K BT R AR I B4 45 1% % DeltaV
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AR KB LI LABC BGRUM AL, Jyfff A5 AL
F, TR A S T FlAb 2
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