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Abstract: The identification of cottonseed cultivars is important for evaluating seed quality and vari-
ety traceability. Conventional near—infrared spectral analysis typically uses reflectance or transmit-
tance spectra directly. However, these spectra exhibit apparent optical responses that contain infor-
mation regarding coupled absorption and scattering. This study proposes a method based on optical
parameters to identify cottonseed cultivars. Three typical cottonseed cultivars from Xinjiang were se-
lected as research subjects. A total of 120 cottonseed kernel samples were used for discrimination
modeling. The corresponding cottonseed shell samples were used for supplementary analysis of outer
structural optical responses. The total reflectance and transmittance spectra were acquired using a
near—infrared spectroscopy—integrating sphere measurement system. The spectral range was 900 -
1650 nm. The absorption coefficient (w,) and reduced scattering coefficient (u.’) were obtained
using the inverse adding—doubling method. The w, and w." spectra were used to describe absorption—
and scattering-related optical information, respectively. Thus, the original optical response was
expressed using physically meaningful parameters. The u, and u,” spectra of cottonseed kernels were
used as model inputs. Uninformative variable elimination and competitive adaptive reweighted sam-
pling (CARS) were performed for variable selection. Partial least squares—discriminant analysis
(PLS-DA), support vector machine, and random forest models were established for cultivar dis-

crimination. A nested cross—validation strategy was used for model development. Outer 10-fold
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cross—validation was conducted to evaluate model stability. The inner procedure was used for variable
selection and parameter optimization. After optimization, the final model was trained using the com-
plete training set. An independent test set was used for external validation. The model performance
was evaluated based on the nested cross—validation accuracy, test accuracy, precision, recall,
and Fl-score. The results showed that the optical parameters provided useful cultivar-related infor-
mation. The u,~based models demonstrated good discrimination, while the CARS-PLS-DA model
based on u, spectra exhibited the best comprehensive performance. By selecting 44 characteristic
wavelengths from 231 full-spectrum variables, the test accuracy reached 97.22%, while the nest-
ed cross—validation accuracy was (95.83+5.89) %. These results indicate that CARS retained its
effective absorption features and that variable selection reduced spectral redundancy. Similarly, the
. =based models demonstrated discrimination ability. This suggests that scattered information con-
tributes to the differentiation of cultivars. Direct modeling using the original reflectance and transmit-
tance spectra demonstrated discrimination potential. However, inverse adding—doubling (IAD)
—derived parameters provided a clearer optical interpretation by separately describing the contribu-
tions of absorption and scattering. Therefore, the proposed method can be used to identify cotton-
seed cultivars effectively. Additionally, it provides optical evidence for analyzing cultivar differenc-
es in cottonseed samples.

Key words: optical properties; integrating sphere; near—infrared spectroscopy; inverse adding—

doubling (IAD); cottonseed; variety discrimination
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Fig. 2 Photographs of cottonseed spectral acquisition setups :

A. reflectance mode; B. transmittance mode
I SN ARIN S AbRRE BURTR h 98% B8 SR LA 28 BARZS 73 RS % (5 5 B8 BOEE
Sr, FRIERR SN BT B o SRR SRS 55 I ORI, e e AR NS AR IR e 1 S
T, R E T E S LR EEESHE S, AT
BEATR (R):

R. - R,
= X s 1
R =T R, — R, ()
MBS (T):
T -T
Tl — s dark (2)
To - Tdmk

Hor, r DObRHEEARIOPRE RSTER . RAN T IR0 R FESHE S R, PR AN RHE S R,
SRS H AR BOGE s To &S H ESHE S T, RS ES

FFINA I RS2 RO S 2 B S SR L BV NS5, R TAD JSBIRARAE S I e P e S
o TAD B BB S, R R T ZORN 00 B R 5 S IR 31 15 R 152 22 75 1] P DU L
FERFIE L AN I N E I S R . T A FER YR — BN RG24 BRIETR R 8 554
1.3 EBUERNE

R BN SRR AR AR P 5 22 R Bl 0 SE OGS R R SR IS AR R R AR B T e 35 i
BAFTS B ENE . &EFRSES GB 5009. 5-2016 (&5 HhEATME)Y ", RHUIKER
FEINRE o KIS JE R Ry AR SR B R NP 8 AL FITE AR S, R N6 10 BILEC e ZUSG € 55 1A i



4 SR AR (http://www.fxesxb.com) XX B
A EL
& BEo
Computer
i Reflectance measurement mode A
Ditfuse reflection Dats o SRR
——Sample ata processing - -
Glass slide — =
— Collection Fiber =
PR [
Th“e'ftll‘_lrjc}? fiber Spectral
T SWite acquisition
Input Fiber
& P
i .
put Fiber B
= Y
Lig| ¢

— Uetatoni i Near-infrared Spectrometer

Transmitted
light

Inactive tiber connection

Collection Fiber . |
— Active fiber connection

Light path

Transmittance measurement mode

k. 4

3 KRR A SN RS S 2 e A R B
Fig. 3 Schematic diagram of reflectance/transmittance measurement modes and time—shared fiber connections for cottonseed op-

tical measurement
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Table 1  Physicochemical indicators of cottonseed samples from different cultivars

Cultivar 0il content/% Protein content/% Hardness/N
JH-1 28.73 +0. 65 44.26 + 0. 28" 48.99 + 4. 85"

XHL-45 28.45+0.51" 43.88 +0.37" 49.61 +6.21°

XLZ-45 29.97 +1.13" 41.74 +0.26° 46.26 + 4.21"

Values are mean = SD. Different lowercase letters within a column indicate significant differences (p<0.05) .
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Fig. 4 Optical property spectra of cottonseed kernels and hulls from different cultivars
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Fig. 5 CARS-based wavelength selection for cottonseed kernel u. spectra
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Table 2 Overall performance of cottonseed variety—discrimination models based on cottonseed kernel . spectra

Model Feature variable VN NCV Ace/% (mean + SD) Test Acc/%
Full 231 82.50+13. 86 94. 44
PLS-DA CARS 44 95. 83+5. 89 97.22
UVE 154 82.50+14.93 91. 67
Full 231 83.33+12.42 88. 89
SVM CARS 40 84.17+11.42 88. 89
UVE 81 78.33+11.92 83.33
Full 231 84.17+9. 17 94. 44
RF CARS 40 81.67+12. 91 88. 89
UVE 110 81.67+12.91 83.33

3 TR CAMEET R () LR RIRRRR RS R fE

Table 3 Overall performance of cottonseed variety—discrimination models based on cottonseed kernel w." spectra

Model Feature variable VN NCV Ace/% (mean + SD) Test Acc/%
Full 231 79. 17+4. 39 77.78
PLS-DA CARS 30 75.00+11. 11 83.33
UVE 177 81.67+10. 24 83.33
Full 231 92.50+6. 15 97.22
SVM CARS 44 85.00+6. 57 88. 89
UVE 144 91. 67+5. 56 94. 44
Full 231 90. 83+8. 29 97.22
RF CARS 45 90. 00+6. 57 91. 67
UVE 96 88.33+7.03 94. 44
4 REMERAENIREE ER S 2RI ERR
Table 4  Classification evaluation metrics of representative models on test set
Optical parameter Model Feature variable Category Testset
P/% RI% F1/%
JH-1 100. 00 91. 67 95. 65
Ma PLS-DA CARS XHL-45 92.31 100. 00 96. 00
XLZ-45 100. 00 100. 00 100. 00
JH-1 92.31 100. 00 96. 00
o' SVM Full XHL-45 100. 00 91. 67 95. 65
XLZ-45 100. 00 100. 00 100. 00
JH-1 100. 00 100. 00 100. 00
' RF Full XHL-45 100. 00 91. 67 95. 65
XLZ-45 92.31 100. 00 96. 00
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Table 5 Direct modeling results based on original total reflectance and total transmittance spectra

Model Spectral input Feature variable VN NCV Acce/% (mean +SD) Test Acc/%
Full 231 77.50+7. 91 86. 11
PLS-DA K CARS 59 81.67+12. 30 86. 11
T Full 231 80. 00+8. 96 91. 67
CARS 14 78.33+7.03 88. 89
Full 231 88.33+8. 05 91. 67
SVM K CARS 33 85.83+9. 66 94. 44
T Full 231 87.50+5. 89 88. 89
CARS 20 72.50+13. 06 75. 00
Full 231 87.50+9. 00 91. 67
RF 1 CARS 44 85.83+9. 66 91. 67
T Full 231 85.00+7. 66 86. 11
CARS 11 89.17+6. 86 83.33
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