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Bidirectional Prediction of Process Parameters and Quality
Indicators of Reconstituted Bamboo Based on Multi-Strategy
Traffic Jam Optimization and Support Vector Regression
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(1. College of Control and Information Engineering, Northeast Forestry University, Harbin 150040, Chinaj; 2. College of Mechanical
and Electrical Engineering, Northeast Forestry University, Harbin 150040, China)

Abstract: In the hot-press molding process of reconstituted bamboo, the coupling of multiple process parameters, reli-
ance on empirical parameter adjustment, and high trial-and-error costs make it necessary to establish a quantitative map-
ping relationship between process parameters and quality indicators, and further realize reverse prediction of parameters
for target performance. To address this issue, a support vector regression (SVR) method optimized by a multi-strategy
(MS) traffic jam optimization (TJO) algorithm, namely MS-TJO-SVR, is proposed to develop a bidirectional prediction
model for the process parameters and quality indicators of reconstituted bamboo. In the forward prediction, density,
moisture content, adhesive content, and pressure holding time are used as input process parameters, while modulus of
rupture, horizontal shear strength, water absorption width swelling rate, and water absorption thickness swelling rate are
used as output quality indicators. In the reverse prediction, the quality indicators are used as inputs to predict the corre-
sponding process parameters. By jointly optimizing the key hyperparameters of SVR, MS-TJO enhances the model s abil-
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ity to characterize nonlinear relationships and improves prediction stability. The results indicate that MS-TJO-SVR

achieves high fitting accuracy and low prediction error in both forward and reverse prediction tasks, and outperforms tra-

ditional SVR and other optimized SVR methods in overall performance. This study provides an effective modeling tool

and methodological reference for process parameter optimization and quality prediction in the hot-press molding of recon-

stituted bamboo.

Keywords: Reconstituted bamboo; process parameters; bidirectional prediction; quality indicators; support vector re-

gression; parameter optimization; multi-strategy optimization; traffic jam optimization algorithm
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Fig. 1 Flowchart of the MS-TJO-SVR algorithm
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Fig. 2 Schematic diagram of the process flow
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Tab. 1 Results of hot-pressing forming experiments for reconstituted bamboo

FE  mEgem®  SAKE%  HEEE/% 1%':}351@/111@ %E%ﬁE/MPa ﬂ(%?ﬁ%é’ifg/Pa H&ﬂ<ﬁf§ﬁ§2§ﬁ$/% ﬂ&ﬂ(EEEﬁHK%;/%

No. Density Moisture Adhesive Pressmg holding  Static bending Horizontal shear WaFer absorpFlon Wfiter absorptlc?n
time strength strength width swelling thickness swelling

1 0.95 6 13 9 250.62 18.78 3.19 10.82

2 0.95 11 15 11 273.28 19.64 1.43 10.13

3 0.95 16 17 13 280.64 23.68 0.97 9.43

4 1.10 6 15 13 297.00 22.86 2.82 8.73

5 1.10 11 17 9 288.71 24.04 2315 7.80

6 1.10 16 13 11 294.60 21.26 2.65 8.92

7 1.25 6 17 11 326.45 28.06 1.38 8.10

8 1.25 11 13 13 338.08 25.79 1.38 8.91

9 1.25 16 15 9 328.81 25.46 1.39 8.38

2.4 A—LESHIELS Intel(R) Core(TM) i7-13700 5. 0 GHz#[116 GB RAM,

BT L2 B 5 EERFE R AA — B HE
PERERHRE L, B AR 5 5 A RIEEME , 2N
SRR I ENE. NI, AR SRR B AT X 2L
PEHEATEA — R B R R EL -1, XA,
AN

X

min

x'=2"- (27)

X

_10

max min

K« G, NEER/IMES R AE,

FOIAE o f5 38 3 300 A i Ik A G 2 2N DA A 7 %
bbo H— 1S BUHEYIZREE L FERIAEVE R T 30E
EMRAEHE . ARSI B HAEEE N IREE S,
HAERIT R P A HA AR LS R AU
R BRI 70%.30% X153 )| 45 S50irss , Hrp
RAESER 75 MR, SERBURMFLS RIS G, e 5k
FRITIIESR — B G b SE R, AR 13th Gen

3 WEMNERSER MRS

IEQERERR DT
TEIE A TR 55 H , e PR 25 L 5 /KR it i B AT
PR TRV R AL B A B, WK S BE R AR (K
B PR R | i i P R AU B 5 R i HE TR AL
BN T — T E AT AR R EE,, JIEt
SVR EAEE , SR MS-TJO Xf SVR &g 4t 715
e, RIS S B & FH 0 M52 ARE 13 N A Y A
w, BRI EL TO0AESE 75 REARHHTIRAE , i L
B2 S5 ST A5 A v
IEBEAI R BUNEE R 2. Bk 2 A A1, fEIE
FRIMATE 55 Fh AL [ SE 3 R* 3R 81 0. 978 2, R HH MS-
TIO-SVR K& ERKE , e G 8ERIE T 2
SRR R Z MR EZR IS R

3.1

#2 MS-TJO-SVRIEEFMLER
Tab. 2 Forward prediction results of the MS-TJO-SVR model

Lo WERK SEEIRTERE SEEIHEIIRZE KIFRE Z1THSIE]/s
Indicator R? Mean R? MAE MSE Running time
ﬁﬁﬁéﬁrg ) 0.987 4 5.679 1 49.673 6
Static bending strength
ﬂ(%?ﬁ@%ﬂﬁlﬁ 0.972 8 0.850 7 0.947 1
Horizontal shear strength
0.978 2 84.97
K7 B8 FEE Y Bk 2R
Water absorption width swelling 0.9825 0.3543 0.154 4
1) =5 A
SRR R K5 0.9702 11248 1,509 8

Water absorption thickness swelling
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Fig. 3 Comparative analysis of forward prediction results on the validation set
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NN EE MS-TJO-SVR fIMERE , AR 52 EAE E I 2k
FEARSZAETR , 43 BRI 2 PSO-SVR S5 ELA SVR [ IE [F] T
M, PSO-SVR 2 it b+ BE L Bk (particle
swarm optimization, PSO) {4k, 52 457 [a] & [5] |9 (SVR ) 15

RIAE S5, Wi A AL A T M B o 45 77 V5 A T
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Tab. 3 Comparative analysis of forward prediction performance using different algorithms
HiE Ei=tan WERE EHRERE  FHMEINREZE KHiRE IE4THT /s
Algorithm Indicator R? Mean R’ MAE MSE Running time
A SR
StitHe ek 0.987 4 5.6791 49.673 6
AFHUET SR
Horizontal shear strength w2 DEB07 w71
MS-TJO-SVR 0.978 2 84.97
WA TR B e 0.982 5 0.354 3 0154 4
Water absorption width swelling : ’ .
USEINESE-7 782
Water absorption thickness swelling vz 2 LIZE & 509 E
FRRsRAE
Static bending 0.948 9 12.328 3 207.256 1
RFHET SR
PSO-SVR Horizontal shear strength 08739 0.877 0 17440 3.8685 88,76
WROIC B8 P Bk ¢ 0.806 9 - 0.886 9 0.9561 -
Water absorption width swelling ' : !
USEINES:-7 7] Sz
Water absorption thickness swelling 08783 LS5 41398
FRESRAE
Static bending 0.8750 18.167 5 601.708 3
IR TSR
SVR Horizontal shear strength gt 0778 4 L BEERIE 47.86
W8 Y Bk ¢ 0.726 3 ‘ 0.901 5 1.088 5 ‘
Water absorption width swelling . : .
WA R Bk 0.743 2 2.210 6 7.020 7

Water absorption thickness swelling
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Fig. 5 Comparison of forward prediction performance of different algorithms
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RIS , RRCR T E iR AL.

Ei=LoN WERE FHRERE FEHEIIRZE BIFiRE E{TITIE) /s
Indicator R? Mean R? MAE MSE Running time
BE 0.978 7 0.056 2 0.012 7
Density
§ﬂ<+ 0.991 7 1.158 8 1.856 2
Moisture content
0.979 7 88.34
=1
MEHXE. 0.976 3 0.504 7 0.409 2
Adhesive content
R
RIS 0.9719 0.478 5 0.3381

Pressure-holding time
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Fig. 6 Comparative analysis of reverse prediction results on the validation set
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Tab. 5 Comparative analysis of reverse prediction performance using different algorithms

HiE Ei= WERH FHRERY IR 2 KHiRE BfTATIA)/s
Algorithm Indicator R? Mean R? MAE MSE Running time
BR
'“Jg. 0.978 7 0.056 2 0.012 7
Density
2 k&
. A 0.991 7 1.158 8 1.856 2
Moisture content
MS-TJO-SVR o 09797 88.34
. RR 0.976 3 0.504 7 0.409 2
Adhesive content
RIERYE 09719 04785 03381
Pressure-holding time
BR
= E 0.890 1 0.079 8 0.012 8
Density
P
| BAE 09447 1.807 9 3.8301
Moisture content
PSO-SVR — 0.9227 91.89
R B
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2R
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