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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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Fig.5 Static friction coefficient measurement device

between Camellia seed and steel plate
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discrete element model
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3 0.47 0.318 0. 08 30.97 10. 89
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g5 R R WY, Bl 5 Tl AR — T 2% R R) 5 EE 45 1 A
(F) A — 50 A () 28 48 D580 ( G I 45 FF — il
AR RV Bl BE 482 LA (H ) B 3G K, Wil 28 FF 47 5 HE AR
P RF RG] B HE R AR X R 25 2 Se N e
B, o s 3 4K 56 Y A X IR 25 N, R
10. 89% , UL EE #5558 3 2 155 T 3 1% 7K OF Bt 3, B
5523 4 4150 i e 1 K P 54T RSM 43 #1356,
57, RSM [l G A5 71
2.3 RSM ke

CCD i3 7 F 46 23 ik i o5, b 45 14
A HT A9 AF Al TR 22 R T T 2R K
NAE N 6 TN .

. ] Design-Expert {4 X} i 56 25 5 #4770 #r
3] T RN BE R k(] A R ) Dy 22 43 A
7 iR EAREA P <0. 01, U W HE A A 5 r 5
Wl 75 8 Ok &R 2 M 3 15 R Ui P =0.353 3 >
0. 05, Ba B P A5 [ 05 7 #2 5 SE PR Bl & vl IE 7 iR 22
e i B/ G PERAT s A8 S R AR 5. 45% R
I TS MR AT s U RBR R0, 94 KR IE g R AL
R, 0.90 , e T 45 [l )3 J5 i W] &8 B A 5 KRG 13
18. 37, Wuiz M H A RS B B2 R Ao 534, i A5k
ARFIR] i JEE 45 DR E (F ) L3 255 FF — 89 Al (1] i B8 462
KL (G) 2% FF—ii 45 FF 18] VR 2 B8 488 IR 4 (H) |

*6 CCDARRER
Tab.6 Scheme and results of CCD

o SES Liin
F G H f/(°)

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 0.0127283 26. 36
23 0. 57 0.294 0. 04 31.00

®7 CCD ZRMEFRBEFTESN
Tab.7 ANOVA of central composite design quadratic

model
FERW ¥y A AdmE By F P
A 626. 18 9 69.58 22.18  <0.0001**
F 239.99 1 239.99  76.52  <0.000 1 **
G 65.57 1 65.57 20.91  0.0005**
H 257.82 1 257.82 82.20 <0.000 1 **
FG 7.05 1 7.05 2.25 0.1577
FH 1.07 1 1.07 0.3421  0.5686
GH 1.34 1 1.34  0.4262  0.5253
F? 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*
5k 2% 40. 77 13 3. 14
1) 18.26 5 3.65 1.30 0.3533
w2 22.52 8 2.81
B 666. 96 22

T A FE— I 25T )R 2l 188 458 DR B S O 300 (H® ) X 3
A HERUSA By s il H 8 3% (P <0.01)

SRR 0 ] U A TR 5 ) AN i 2 1 PR3 P Ak
J ) 1B I A ARy 22 43 i ik 8 B s, Ak LI Ry
0.342 3 DR§ i 2 25. 10, AR AL T B 45 [0 05 J7 F2 1
AT SEPEFORE B P A B . DU S B D7 FE

a=-19.32+41.92F +91.30G -56. 03H +

1 029. 09H* (7)

K a—HER, (°)
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Tab.8 ANOVA of central composite design modified

model
PR ¥OyE AHE B F P
i) 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  <0.000 1 **
H? 43.08 1 43.08 12.82  0.0021*
i 60. 50 18 3.36
F A 37.98 10 3.80 1.35 0.3423
2% 22.52 8 2.81
J=¥il 666. 96 22

0.10
0.08
& 0.06
0.04 0.294

(a) F=0.47

0.04 0.37
(b) 6=0.318

2.4 ZTEHEEXHERAHOYE

T ASRF— T ZKT [0 0 B2 48 D0 () [ B il 2%
TP B ] 75 JEE 45 A1 50RIT i 255 il 5% 1) V% 0 JBE 48
DR 30y o 7 pt T 0 P T R 249 ASRE 8 A ]
JEE P RB(G) AR, HE B A Bt 2 3 2% ke — it 25 K 1R)
VR Bl EE 8 DN R (H ) 38 Kz 386, ELAR b 4 i
2 R F I 2R ()R Bl BE A DR B (H ) AN B B HE AR
Fr1 B T A5 ORF — 9 A 1] 5 R 45 DX B (G B OR
Ham .

AT — 50 AR 1) 0 B 488 DR 8 (G T et il % f—
T KT I e 5 458 DX () R 56— 45 67 ) 7R 2
JEE 8 DRLRCCH) 4 g 17 b T 4 P81 7h JIF s, 24 91l 245 k-

& 0.330
047 0318
042 ¥ ¢ 0306
0.294 0.37

(c) H=0.08

7 TR RN HER SV 5 )

Fig. 7

TH KT () 5 5 42 DRV B30 () SR 1sF, M BRI T 2 A —
T 25K (0] V& 20y JEE 462 DR 5 ( H ) 18 K38 W 34 s >4 0 2%
FF—Ih ZFF [R] VR 3l 2 462 R B (H ) AR B, HE R Bl %
T 2% FF— I 25 KT (1] 75 2 42 LR B8 () 385 38 ¥ 15 m,
HAEER

T2 FF—IH 2 KT 0] 7R 3 R 4 DR (H) T8 ), i
ZKF I RS 1] 0 B 452 DRUEIC () R0 2% — 8 Al )
PR DEC(G) 1w 07 T A0 P T e B AR, YIS R
TH 25 KT [ B 48 TR B () AN AR 1), 3 B A il 25 6 —
AR EE 8 DR (G ) 8 RS2 W 38 5 224 7 R AT
A [F) 75 5 42 TR B ( G ) ANAR Bsf, HE BRUA B 25 67— 4%
KF [1) 75 JBE 452 LR B () 388 R 38 M 1 I o
2.5 HlRFEIEAZEEITEE

W A 4 ] E B R A B i R MSE I
AAD R Re % 38 5 223050 1 Il S A L, X 1
BP Sk Uit , B & 24 G o B D 45 ) T O R A
G B it 2 0] g 2 S BT LA MU ZR E) K B
R A A X R & 2 T Wl 22008 3 ~ 13 AT F
5o W TINGEEARR D, BIRPIE B2 BB, W
WEE S R, AR INE 9 iR,

M 229 AT A1, SVR I GA — BP ¥ Fh 440 ke %) F50 3
A LLBEMLAR AR AN BP Bk, Hib SVR 19748 5 R4k

Influence of interaction factors on AOR

B/ A AR BB e s (H 2 SVR Y R7(0.956 4)
AAD(0.099 1) 1 MSE (1. 077 4) A Je a5 #h 2058
11y GA — BP M 4%, % M 4 B A5 it K1Yy R’
(0.960 1) . F/INHY AAD (0.099 4) Fl & /)N () MSE
(0.898 4) , I H H A2 5 5 AR XF 8/0N , RI4UL & ROCR
BARE . P 11 AR W& ITH GA - BP 2h
AWFIE R EHEE A i, #E7 GA - BP LRI A A
NG 3 -11 - 1(KI8),

W9 Frs , B I 2k i 30 B 14 A, LI 2R
9o Uk 2H A X 21 1 MSE 317 PR s PE . MSE RE4%
AR Al S A 7 0 A R A i AR P 4R 2%, MSE i
N B AR IR 55 R R B R B . 7RI R 2
2 AR T A UEE R, MSE i 0. 009 56, %R
P2 2% U 2558 . LI, 2% GA — BP 2% Il 251l
S B B AR R RS, 3R WAL R 98 547 M i
AR TR o

LRI LA b 38 TR R A
ML AR, & 10 fFros IR G e s, I 2k 5
TIE U 320 Bl A R AR OC R B R 4352 :0.979 5
0.999 0.0.973 3 Fi10. 965 8,3 U 75 I 1 52 B $ 3 2
B FLAT R A (AR DG o 100 B 32 48 10 46 455 1 g 6%
FH 5 B2 1156 0 B o
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Tab.9 Comparison of machine learning regression models

e 2

B J2

Rk — R? AAD MSE (RS A R? AAD MSE

B/ME 0.2449  0.6317  22.0894 B/ME  0.9295  0.1134  1.3624

i #L 2% K R 0.2704  0.6258  20.1501 || SVR KM 0.9564  0.0911 1.077 4
WS AK 0.0508  0.0779  0.1215 SRR 0.0135  0.1381  0.1506
F/ME S 0.4510  0.5354  15.6749 W/ME 0.8175  0.1770  1.7607

3 WM 0.5485  0.4783 12.2271 3 BAM  0.91867 0.1803  1.9638
A ZEE 0.1002  0.1037  0.2710 AL ZE 0.0489  0.1756  0.3421
HME 0.7145  0.3590  9.9090 W/ME 0.8183  0.2747  4.9625

4 WA 0.9090  0.1668  2.1372 4 BAM 0.9347  0.1719  2.0739
ASZAR 0.1343  0.4249  0.8823 AFRZE 0.0600  0.3091  0.4203

e /ME 0.523 4 0.3248 12.7350 e /ME 0.5100 0.5785  13.3500

5 e KA 0.8121 0.2852 4.1814 5 i Rl 0.9015 0.2203 3.0105
ARZEH 0.2229  0.0655 0. 569 AR ZE 0.2480 0.6741  0.997 1

F/AME  0.7089  0.3176  7.793 1 B/ME 0.6533  0.4311  10.8097

6 KM 0.7819  0.3522  6.3588 6 AWM 0.9176  0.1314  1.2359
BRAEK 0.0531 0.0875 0.1105 SRR 0.1967  0.5612  0.8446
/ME S 0.9105  0.1306  1.9991 B/ME 0.6110  0.4856  9.3948

7 e K AH 0.6979  0.3054  5.4738 7 WK 0.9427  0.1308 1.5309
AR ZE 0.1380  0.4077  0.5689 A ZE 0.2333  0.5910  0.8284
F/ME S 0.7929  0.3761  6.9700 /ME 0.7764  0.2188  5.2953

BP 8 KM 0.9489  0.1349  1.7044 || GA-BP 8 KM 0.9270  0.1766  2.5269
ASZE 0.0895  0.5401  0.6795 A ZEC 0.0712  0.2913  0.3074
B/ME 0.8035  0.2826  3.5634 /ME 0.696 1 0. 462 7.9859

9 e KAH 0.9097  0.1853 1.8225 9 e KME 0.9515 0.1282 1.362 4
WRZAR 0.0781  0.2520  0.3523 AR ZE 0.2370  0.6120  0.9723
F/ME 0.6914  0.4313  8.9057 F/AME 0.8799  0.2070  7.0232

10 KM 0.7995  0.2537  6.1644 10 B 0.9430  0.1548 1.796 2
WRZEK 0.0750 0.3134  0.2064 AR 0.1454  1.7082  0.7522
/M 0.6568  0.3415  5.7949 B/ME  0.8991  0.2252 2.2974

11 WM 0.7900  0.3582  6.5544 11 BARM  0.9601  0.0944  0.898 4
ARZE 0.0983  0.1172  0.2266 AR ZE 0.0306  0.4884  0.3962
FoME S 0.8232 0.2358  6.154 1 F/ME 0.8878  0.1988  2.8703

12 WA 0.8757  0.2080  2.8692 12 KM 0.9601  0.1015  0.9395
ASZE 0.0349  0.0771  0.4380 AL ZE 0.0810  0.4355  0.7330
F/ME 0.7328  0.3961  8.8176 F/AME 0.6955 0.2729  6.8262

13 WA 0.7489  0.2148  7.0148 13 BAM  0.9444  0.1585  1.7432
ASZE 0.0120 0.2924  0.1277 AR ZE 0.1595  0.3251  0.6965

2.6 RSM #1 GA — BP — GA R4 75 % bh 5

Pl L1 g G o A 8 (4 S 0 {5 7900 {1 X L
F L LT A] 0 P RS R 4 LA S A A RS B . GA —
BP — GA #5551 (i 3 4y 35 45 (R® = 0.928 3, AAD %y
0.200 0, MSE Jy 1.988 2) ¥j{f T RSM # 5 (R =
0.909 3, AAD 7 4.237 3 ,MSE } 2.6297) ,R* 4% &5
2.09% ,AAD Fll MSE 43 | [k 95. 28% Fi1 24.39% .,
X W GA — BP — GA BIAIFI I GE J1 L+ RSM, H A
T B TR B L X 5 AT AR ST A A
2.6.1 RSM Z%fkfk

IV FH] Design-Expert {4 LL il 45 ¥ 52 B HE B

XA (27.93°) S HAx, #IH Numerical £%3e X} 1]
AR RS AT DA K A, LAk 29 R 51y
a—27.93°
0.37<F<0.57
5.1./0.294 <G <0. 342
0.04<H<O0. 12
X A5 B 27 AL R AT I O HE R T
E, 75 215 9 233 55 T RAH T 1) — 2 S A A - T S AT —
T 25 BT D) 3 S 4 LB 0. 383 311 2% K7 — 4 A [ e g
PR R 0. 335 T A5 FF—TH 25 K7 () VR 2y 52 48 R 0k
0. 0064, 757 55k 05 FLHE R A Oy 26.99°, 5l &%

(8)
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{H 100 B, GA 45 1k 3% 45 I 453 38 N B fe 422 38 19 A~
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Fig. 8 Optimal topology of feed-forward back-

propagation neural network with GA optimization
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Fig. 12 Fitness curve in evolution process
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Fig. 10  Regression analysis
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Fig. 13 Comparison of physical and simulation

tests of parameter calibration
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