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NIR model transfer for wood density across tree species based
on stacked autoencoder

Li Yiwei, Qi Yuanda, Chen Chengwu, Qin Zijian, Sun Chao, Sun Hao, Li Yaoxiang

(College of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: [Objective] Wood density, as a key parameter for evaluating wood quality, is a focal point in both wood trading and
processing. The development of efficient, non-destructive, and cross-species detection technologies for wood density is of great
importance for the exploitation of forestry resources and the efficient utilization of wood. [Method] This study selected two typical
hardwood species from northeast China, specifically Manchurian walnut (Juglans mandshurica) and Manchurian ash (Fraxinus
mandshurica), as research subjects to establish a near-infrared (NIR) spectral transfer model for cross-species wood density prediction.
A stable predictive feature selection (SPFS) algorithm was designed to score and rank spectral bands. The elbow method was applied to
determine the optimal number of bands and to select common feature bands. A stacked autoencoder (SAE) was introduced as a feature
transformation mechanism. Combined with an artificial backpropagation (BP) neural network prediction model, a new cross-species
spectral model transfer method was constructed. [Result] Following the transfer of the Juglans mandshurica model based on SAE, the
coefficient of determination (R”) for the Fraxinus mandshurica prediction set rose from 0.172 7 to 0.827 1, and its root mean square error
of prediction (RMSEP) fell from 0.180 1 to 0.049 3 g/cm’. In the opposite transfer direction, applying SAE to the Fraxinus mandshurica
model improved the R for the Juglans mandshurica prediction set from 0.000 9 to 0.884 9, and reduced the RMSEP from 0.187 8 to
0.032 9 g/cm’. These results indicate that the SAE-based method achieves substantial improvements in both R* and RMSEP metrics when
compared to traditional techniques such as piecewise direct standardization and slope/bias correction algorithms. [ Conclusion] The
findings of this study demonstrate that the SAE-based NIR transfer model is effective for cross-species applications, allowing for the
rapid and efficient prediction of wood density in different tree species. This approach promotes model sharing across species and offers
both a theoretical basis and technical support for improving the universality of NIR models.
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Table 1 Statistics of air-dried density of Juglans mandshurica and Fraxinus mandshurica wood

N N A oY L e =RIN \,}4— iv';\

Tree specics Sample set Number of Maximum Minimum Mean Standard

P P samples / > value /(g-cm™) value /(g-cm™) value /(g-cm™) deviation
Bk Hk KIE4E 66 1.033 8 0.5416 0.760 2 0.087 5
Juglans mandshurica BEAE 23 1.049 4 0.584 2 0.792 4 0.096 5
Sk i RIESE 62 13505 0.473 6 0.945 1 0.1212
Fraxinus mandshurica BiF4E 21 1.0432 0.646 3 0.938 4 0.086 9
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Fig. 1 The steps of the SPFS band selection algorithm
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Table 2 PLS prediction model of Juglans mandshurica and Fraxinus mandshurica wood density based on different

preprocessing methods

- bR R A 1 1E4E Calibration set THMAE Prediction set
Tree species  Pretreatment  No. of principal Pk AR ROES R % ok AN TR R %

method component R’ RMSEC R RMSEP

None 7 0.7812 0.043 4 0.700 7 0.045 6

MSC 7 09132 0.027 3 05324 0.056 9

L7 SGS+SNV 7 0.790 4 0.0418 0.788 3 0.0410
Juglans

mandshurica SGS 5 0.723 9 0.048 8 0.550 1 0.055 9

SGS+DT 6 0.805 5 0.040 9 0.469 7 0.060 7

SNV 5 0.696 5 0.0512 0.5659 0.054 9

None 7 0.6913 0.064 1 06725 0.0599

MSC 14 0.985 0 0.014 1 06228 0.064 2

7K SGS+SNV 1 0.890 5 0.038 2 0.6518 0.0617
Fraxinus

mandshurica SGS 9 0.686 4 0.064 6 0.636 8 0.063 0

SGS+DT 4 0.605 3 0.072'5 0.564 1 0.069 1

SNV 7 0.7552 0.057 1 0.597 4 0.066 3

T AR B K 280, R IR The bolded data is the optimal model evaluation parameter, the same below.
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Table 3 The effect of density prediction models for Juglans mandshurica and Fraxinus mandshurica using different band

selection methods

- WEOTE BBURRINRGERE B R IEHE Calibration set TiI4E Prediction set

Tree species  Modeling Band selection method WEAN  RIEEMIIREXE  REARN TN

method (No. of selected) R RMSEC R RMSEP

2359 CARS BUSe 4k (61) 0.997 5 0.004 7 0.744 1 0.039 8

IRE CARS(195) 0.992 8 0.007 9 0.2473 0.068 3

SPFS H#eHfi 5 k(100) 0.789 1 0.043 2 0.119 4 0.073 9

BP #2244

SPFS JIf #7200 (2 089) 0.990 9 0.0008 0.804 3 0.042 7

SPFS {5 245 (1 797) 0.9849 0.0115 0.1612 0.072'1

SPFS 2 X HHIF (120) 0.956 9 0.0196 0.196 9 0.070 6

735 CARS HUAZ4E (61) 0.9715 0.0147 0.400 1 0.074 7

IR CARS(195) 0.985 8 0.0098 0.564 4 0.063 6

jfjliﬁi . SPFS B #:#fi5E k(100) 0.633 9 0.0551 0.5313 0.066 1

mandshurica SPFS JiH#5i2: 0] (2 089) 0.988 5 0.0100 0.802 1 0.045 1

SPFS 15 2.4 (1 797) 0.667 8 0.0492 0.1812 0.087 3

SPFS 22 LHHIF (120) 0.724 0 0.0454 0.394 1 0.075 1

7393 CARS Bz 4k (61) 0.666 3 0.0535 0.663 0 0.058 8

JRBA CARS(195) 0.8679 0.033 6 0.848 5 0.039 4

SPFS EL##1 52 k(100) 0.633 6 0.0520 0.3317 0.082 7

PLSR SPFS 2 (2 089) 0.9919 0.008 4 0.878 1 0.0353

SPFS 15 244 (1 797) 0.9329 0.022 6 0.779 1 0.047 6

SPFS 38 XHGHIE (120) 0.662 9 0.0522 0.399 7 0.078 4

437l CARS HUAZ2E (61) 0.994 8 0.008 7 0.8520 0.033 4

A CARS(195) 0.996 7 0.006 6 0.480 8 0.062 6

SPFS ELEEISE k(100) 0.746 3 0.061 1 0.604 8 0.054 6

BP #4244

SPFS Ji #5750 (2 089) 0.993 8 0.009 5 0.900 6 0.027 4

SPFS 15 245 (1 797) 0.988 7 0.0129 0.558 5 0.057 7

SPFS 22 X BHIF (120) 0.743 1 0.061 4 0.488 0 0.062 1

537 CARS HUZZ4E (61) 0.926 9 0.0327 0.8348 0.0353

IR CARS(195) 0.878 7 0.040 0 0.752 6 0.043 2

F7i<a %EY R SPFS B B:#fi5E k(100) 0.886 0 0.0413 0.620 3 0.053 5

mandshurica SPFS i #5202 089) 0.993 3 0.009 7 0.754 7 0.043 0

SPFS 15 245 (1 797) 0.7959 0.0528 0.621 4 0.053 5

SPFS 38 X HHIE (120) 0.892 4 0.039 5 0.700 1 0.047 6

239 CARS B2 4k (61) 0.7319 0.059 5 0.688 3 0.634 5

IR CARS(195) 0.844 7 0.044 6 0.710 3 0.061 2

PLSR SPFS H #eHfi 5 k(100) 0.797 5 0.054 7 0.736 7 0.058 3

SPFS Ji#2 1 (2 089) 0.762 5 0.055 1 0.7340 0.058 6

SPFS 1% 44 (1 797) 0.880 9 0.0399 0.806 9 0.049 9

SPFS 2 XHHIF (120) 0.775 3 0.0516 0.7212 0.060 0

TN -, . SPFS 334U R 145 $ (R*=0.734 0,
RMSEP=0.058 6) H&ifh T H K H SPFS 15 B M 771%
LB (R=0.806 9, RMSEP=0.049 9) , &%
RN (UARP=0.07) o Zi& %5, HIRPLSR 1
K HhA0_EAE B SPFS IR 832 W) I A L 46 %6t f A ik
B, [HHHKEE (R=0.734 0) Vi@ & TEH .
R BP #1244, SVR Al PLSR = Ffrfsi il
J&i B2 RE X EG B P MR — S0k, 38 DR RS

7] 5 D P B e 356 SR WS 17 51 N A A/ AR B 40 L e 3
HE, AWTTURAG R SPES R HRE N e 145
MEPBUHAT PR AR J5 2R 5 0 . 1X— ik
PEAE e KA LORBR T BP #1128 W 45 Il SVR [ 5
HVERE, RIS { PLSR fEHABRMKIE A BRI R4,
FEIK R MIREAS b ORFF AT 2 RGBT 1)
B R GS ELER AL 1 AT H g — 3
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Fig. 6 The impact of the number of calibration set samples on the calibration transfer performance
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