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Calibration of Simulation Parameters of Camellia oleifera Seeds
Based on RSM and GA — BP — GA Optimization
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Abstract; In the study of production and processing technologies such as mechanical shelling, sowing
and planting of Camellia oleifera seeds, due to the lack of accurate discrete element simulation models
and parameters, the simulation and actual errors of design equipment are large. Reverse engineering
techniques were used to establish a discrete element model of Camellia oleifera seeds in EDEM software.
Through physical tests, the angle of repose (AOR) of Camellia oleifera seeds was measured to be (27.93 +
1.46)°. The parameter intervals of density, collision recovery coefficient and static friction coefficient
between camellia seed and plate were measured. The discrete model parameters of Camellia oleifera seeds
were filtered by using the Plackett — Burman Design to obtain the parameters that had a significant impact
on the AOR. The path of steepest ascent method was carried out to determine the optimal value range of
the parameters. The central composite design ( CCD) response surface method ( RSM) and machine
learning were used to establish the regression models involving the AOR and the significant parameters.
The results showed that the predictive ability and stability of BP artificial neural network based on genetic
algorithm (GA) were better than that of random forest, support vector regression and BP artificial neural
network. GA optimization was used to obtain the static friction coefficient between seeds, which was
0. 443, the static friction coefficient between seeds and steel plates was 0.319, and the rolling friction
coefficient between seeds was 0. 063. The simulated AOR was measured to be 27. 63°, and the relative
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error from the actual AOR was 1. 09% . RSM optimization was used to obtain the static friction coefficient

between seeds, which was 0.383, the static friction coefficient between seeds and steel plates was

0. 335, and the rolling friction coefficient between seeds was 0. 064. The simulated AOR was measured to
be 26.99°, and the relative error from the actual AOR was 3.33% . The results showed that GA — BP —

GA had better parameter optimization effect than RSM in the parameter calibration of Camellia oleifera

seeds. Moreover, the built model and parameter calibration results of Camellia oleifera seeds can be used

for discrete element simulation research.
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Fig.4 Collision recovery coefficient measurement

between Camellia seed and steel plate
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0. 05, UL A5 [l 5 77 F2 5 L PRl & AR IE iR 2=
JIT i e BN A A VT A8 5 RABCH 5. 45% , A
TR0 W] FEME AT T REUR MO, 94 RIETE REL
R0 0.90 0 Ffr 45 [0 ) 5 i T 4E B8 50 v 5 R 0 32
18. 37, WO MBS RO i B R 4F- . 5340, Ak F il
AR IR] et JEE 455 DRV B0 () 3 2 R — A i ) e EE 4
LB (G) i 2% FF I A5 AT ) R 2h BE 46 B (HD)

6 CCDAERZER
Tab.6 Scheme and results of CCD

Fe K% AR
F G H fa/(°)

1 0.47 0.318 0.08 29.56
2 0.57 0.342 0.12 44.29
3 0.37 0.342 0.04 28.00
4 0.638 179 0.318 0.08 40. 50
5 0.47 0.318 0.147272 43.00
6 0.47 0.277 637 0.08 26. 44
7 0.47 0.318 0.08 31.87
8 0.47 0.318 0.08 30.35
9 0.47 0.318 0.08 33.46
10 0.47 0. 358 363 0.08 34.00
11 0.47 0.318 0.08 31.99
12 0.301 821 0.318 0.08 24.03
13 0.37 0.342 0.12 35.48
14 0.57 0.294 0.12 38.65
15 0.47 0.318 0.08 31.74
16 0.37 0.294 0.04 24.48
17 0.47 0.318 0.08 30.01
18 0.57 0.342 0.04 37.72
19 0.47 0.318 0.08 32.28
20 0.37 0.294 0.12 34.15
21 0.47 0.318 0.08 27.99
22 0.47 0.318 0.012728 3 26.36
23 0.57 0.294 0.04 31.00

x7 CCD REARETEHH
Tab.7 ANOVA of central composite design quadratic

model
KW B AmE By F p
AR 626. 18 9 69.58 22.18 <0.0001*
F 239. 99 1 239.99 76.52 <0.0001**
G 65.57 1 65.57 20.91  0.0005**
H 257. 82 1 257.82  82.20 <0.0001*
FG 7.05 1 7.05  2.25 0.1577
FH 1.07 1 1.07 0.3421  0.5686
GH 1.34 1 .34 0.4262  0.5253
2 10. 18 1 10.18  3.25 0.094 8
G? 0.095 4 1 0.0954 0.0304  0.8642
H? 43.39 1 43.39  13.84 0.0026*
k= 40.77 13 3. 14
JA 18.26 5 3.65 1.30 0.3533
R 22.52 8 2.81
Jo¥iil 666. 96 22

TMASKF I AT VR 2 BE 48 R B 1) 7 J5 B0 (P ) W
FATHERA 2 il L 8 35 (P <0.01)

SR — R TRT A AR 5 i R 2 A P 2 fiqk
Ji B4 T A A Y Ty 2% Ay Al i 3R 8 R, AR LIy
0. 342 3 AEHA R 25. 10, BARALFT A 15 5 & 1
AIEEVERRE P E A s . Ak )E mHH R

o= —19.32 +41.92F +91. 306G - 56. 03H +

1029. 09H (7)

L o—HEBUA, ()



146 a4

IR S

2023 4

%8 CCD RLEFZER T =454
Tab.8 ANOVA of central composite design modified

model
ORI ¥Horm AmE By F p
AR 606. 46 4 151.61 45.11 <0.0001*
F 239.99 1 239.99 71.40 <0.0001*
G 65.57 1 65.57 19.51  0.0003**
H 257. 82 1 257.82  76.71  <0.0001**
H? 43.08 1 43.08 12.82  0.0021*
B2 60. 50 18 3.36
PR 37.98 10 3.80 1.35 0.3423
PR 2% 22.52 8 2.81
payill 666. 96 22

2.4 RERFERMMERABIZM

THASKF I AR (B S BE R R B (F) [ B T 2%
7 AR 1) 0 B 8 DR BRI B R 2K [ R B B 4
DR AG o 10 G G P 7 TS, 24900 2% R — A ]
JEHEDVEL (G) AR AU BE 2 T AR 25k ]
TRBNEEEEDVB(H) 3Kz Wi n , HLAE (L fa 3l b
T ZSAT M ASKF RIVR SR IR B (H ) RSB HEFR
i Bt T AR — 9 A ] S 4 TR B G) 4 RO W
B,

TR SN AR (B REE S LB (G ) 81 5E I, i ok
TMEORF ) R 48 R B () AL 2ok F— i 2% k7 1) 7R 3l
EESE DB (CH ) B e o7 il TG A Pl 7h R, ST AR

7 SCH N FHERUA R

Fig.7 Influence of interaction factors on AOR

THIZSAT ) EE B2 R B (1) ANAB S ERRUA Bl T 25k
THAOAT B VR Bl BE 42 R B (H) 36 B 38 i 5 243 4%
FF AT R B EE R R (H ) AN I MERR S B
THZAF I (B EE 2 R () 3 R ks o, g
R SRR TE N

THZAF MR VR B EE R (H ) [ I, il
ASKF I 2N ] e BE 452 DRI () R 25 K — R Al ]
RS R (6 e iz i 1T AN 1] 7e FRoR SRR HT
TSN ] BEAEE DR B () AN B, HE AR 1 BVl 24—
S ] AR RV B ( G ) 3 B 3 I 5 > i 2k
M ] BE R B G) ASAERT  HERUA BT AR I A%
e e e B 452 DR () S R s
2.5 HlEBEFEIEREIRTLE

WA 4 ] AR R B B R MSE il
AAD | e iE RERS & IS 223086 10 [ I A RS o F
BP Riit, B E M g on e A4 by S B ALY
A BuE i Z A RE S R EEIELG I 2Rl
IR SV 0 B B )2 T A #2200 3 ~ 13 iEA TIF
9%, HTFUIGFEARR A LA B2 iR 2,
WHEZIIZR S AR5 9 I,

f12¢ 9 [ %0, SVR Fl GA — BP Wi Fh 3300k 1 700
BE 1 ELBEHLARARFN BP B, Hi SVR 19748 5+ R4

e/ BIE SR e s (H 2 SVR 19 R*(0.956 4) |
AAD(0.099 1) F1 MSE (1. 077 4) A= b [ 25w 25 705k
J11 1) GA — BP W4, iz M % B A ik KKy R
(0.960 1) 5%/ AAD (0.099 4) Fl & /NHY MSE
(0.898 4) , I HHAR 53 RBCH TR /IN, BI4LG RIOCR
B, B, R 11 DR E L0 GA - BP R
ARG I ARERY b, #57 GA — BP BRI
BRI A3 11 - 1(8),

W 9 iR, Rl 25 3G I, DA ZR4
BGUELL AT 4 /Y MSE #E4THEREPEAY . MSE REfE
R S 1 72 A A2 Ay i 5l 1 P 1158 2% ) MSE
N BRI 25 S RS B B R, ARG RS
2 BTERAS T SRS R PR R, MSE 2R 0. 009 56, &N
PRz &IN5, L, % GA — BP PIZ& Il 2Rk
S BRI H AR 8, 3 W2 AU GRS B 4T b 15

e LR Pt i Seat b A5 2] T HEREIE R
MILE AR, aniEl 10 Fros , IZRIE 00T s, 2R 50
UE 5 R0 A e A OC R B R 435 10,979 5
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Tab.9 Comparison of machine learning regression models
Bk E“‘%EW R AAD MSE sk K%%\EW R AAD MSE
ZouiE ZoukE
B/AME  0.2449  0.6317  22.0894 B/ME 0.9295  0.1134  1.3624
AL AR KM 0.2704  0.6258 20.1501 || SVR KM 0.9564  0.0911  1.0774
AFSZB 0.0508  0.0779  0.1215 ASEZRE 0.0135  0.1381  0.1506
B/ME  0.4510  0.5354  15.6749 B/ME 0.8175 0.1770  1.7607
3 BAM  0.5485  0.4783  12.2271 3 BAM  0.91867 0.1803  1.9638
ARZEK 0.1002 0.1037  0.2710 WRRE 0.0489  0.1756  0.3421
B/AME 0.7145  0.3590  9.9090 W/ME 0.8183  0.2747  4.9625
4 BAM 09090 0.1668  2.1372 4 B 0.9347  0.1719  2.0739
BRAK 0.1343  0.4249  0.8823 AAREZEB 0.0600  0.3091  0.4203
W/ME 0.5234 0.3248  12.7350 f/ME 0.5100 0.5785  13.3500
5 BAM  0.8121  0.2852  4.1814 5 K 0.9015 0.2203  3.0105
ARERE 0.2229  0.0655 0. 569 ASEEB 0.2480  0.6741  0.997 1
B/ME 0.7089  0.3176  7.7931 B/ME 0.6533  0.4311  10.8097
6 Rl 0.7819  0.3522 6.35838 6 WA 09176  0.1314  1.2359
AESEZB 0.0531  0.0875  0.1105 ASERB 0.1967  0.5612  0.8446
B/AME 0.9105  0.1306  1.999 1 B/AME 0.6110  0.4856  9.39438
7 KM 0.6979  0.3054  5.4738 7 AR 0.9427  0.1308  1.5309
ASEEB 0.1380  0.4077  0.5689 ASERERB 0.2333 0.5910  0.8284
B/AME 0.7929  0.3761  6.9700 B/ME 0.7764  0.2188  5.2953
BP 8 BAM  0.9489  0.1349  1.7044 ||GA-BP 8 R 0.9270  0.1766  2.5269
SRR 0.0895  0.5401  0.6795 SRR 0.0712  0.2913  0.3074
W/ME 0.8035  0.2826  3.5634 At 0o 0. 462 7.9859
9 WA 0.9097  0.1853  1.8225 9 AKfE 0.9515  0.1282  1.3624
AARRB 0.0781  0.2520  0.3523 SRR 0.2370  0.6120  0.9723
B/ME 0.6914  0.4313  8.9057 B/AME 0.8799  0.2070  7.0232
10 RARME  0.7995  0.2537  6.1644 10 R 0.9430  0.1548  1.7962
AARRE 0.0750  0.3134  0.2064 ARSZEL 0.1454  1.7082  0.7522
B/ME  0.6568  0.3415  5.7949 B/ME 0.8991  0.2252 2.2974
11 BAM 07900  0.3582  6.5544 11 B 0.9601  0.0944  0.8984
ASEEK 0.0983  0.1172  0.2266 ASREZEE 0.0306  0.4884  0.3962
B/AME  0.8232  0.2358  6.1541 B/ME 0.8878  0.1988  2.8703
12 BAM  0.8757  0.2080  2.8692 12 K 0.9601 0.1015  0.9395
ASEZEB 0.0349  0.0771  0.4380 AASEZEB 0.0810  0.4355  0.7330
R/AME 0.7328  0.3961  8.8176 B/ME 0.6955 0.2729  6.8262
13 BAM  0.7489  0.2148  7.0148 13 BAM  0.9444  0.1585  1.7432
BRAK 0.0120 0.2924  0.1277 ARREF 0.1595  0.3251  0.6965

2.6 RSM #1 GA - BP - GA fR L ik LLag

11 Ay 9 A S 78 g S T {55 00 1 %) X6 L
L 11 TR RS AL B B AL G AE B . GA —
BP — GA LA I M 48 bR (R =0.928 3, AAD Wy
0.2000, MSE & 1.988 2) ¥4 T RSM &I ( R* =
0.909 3,AAD & 4.237 3 ,MSE 4 2.629 7) ,R*#& 55
2.09% ,AAD Fl MSE 43 51| F&AI% 95. 28% 1 24. 39% .,
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A e B TR B 3K 5 AT AR ZE 45 SR AR
2.6.1 RSM %tk
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IR T IR K i, AL LT 5
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0.37<F=<0.57
0.294<(G<0.342
0.04<H=<O0.12

Xof A5 ) 1) A7 T 2L AR AT I A R HE AR A O L
UE, 75380 5 Py I T R B — A SR A - e 5ok
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PEPRECH 0. 335 GHIZSKF M 2R ) 7R B BE 5 R B
0. 064, MITHIM 2 A7 EHERLAA o 26.99°, 5l 4%
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s. t.
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Fig.8 Optimal topology of feed-forward back-

propagation neural network with GA optimization

K9 gz
Fig.9  Performance

E 10 [FIEs A4S R

Fig. 10  Regression analysis

FESEBRERUA R AIXTR 220 3.33%

Fl 11 RSM I GA — BP — GA J7 & ({1 55 S
Fig. 11 Relationship between actual and predicted values

by using RSM and GA — BP — GA

2.6.2 GA-BP-GA Z%iiiik
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Fig. 12 Fitness curve in evolution process
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