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Abstract: [Objective] The performance of the apple soluble solid content model was influenced by the
detection speed and integration time of the near-infrared (NIR) spectroscopy on-line detection device. The aim

of this study was to analyze the influence of detection speed and integration time on the applicability of the
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model, and improve the accuracy of on-line detection. [Method] The detection speed and integration time of
the on-line detection device of NIR spectroscopy were setted as 0.3 m/s and 100 ms, 0.5 m/s and 70 ms, 0.5 m/s
and 100 ms, 0.5 m/s and 120 ms, 0.5 m/s and 150 ms respectively. A total of 180 apple samples were used for
the experiment, the NIR spectra of five experimental groups of apples were collected at 350~1 150 nm, and the
partial least squares (PLS) method was applied to establish the prediction model of apple soluble solid content
(SSC). [Result] There was a threshold for the integration time. When the integration time was shorter than 70
ms, the prediction performance of the model was poor. The prediction performance of the prediction model with
the same detection speed and integration time for modeling set and prediction set was superior to that of the
prediction model with different dection speed and integration time. Detection speed and integration time would
affect the accuracy of on-line detection. The different transmission routes of light inside the apple at different
detection speeds and integration time could lead to differences in the internal information obtained by the fiber
optic probe, making the prediction performance worse. The 135 representative sample spectra were selected
from four groups of 0.3 m/s and 100 ms, 0.5 m/s and 100 ms, 0.5 m/s and 120 ms, 0.5 m/s and 150 ms using the
Kennard-Stone algorithm, the prediction models of the mixed detection speed and integration time were
established, with the correlation coefficients (Rp) of the prediction set all above 0.85, the root mean square errors
(RMSE;p) all below 0.65. [Conclusion] The established prediction model of mixed detection speed and
integration time can better predict apple sugar content and meet the requirements of apple sugar content on-line

detection under different parameters of detection devices.

Key words: Near-infrared spectra; Detection speed; Integration time; Threshold; Mixed model; Apple soluble solid

content
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Table 1 Statistical results of apple SSC

Hnse FE L He/IMHE/°Brix & K AH/°Brix F-24{E/°Brix B Al 22/°Brix
Data set Sample quantity Minimum Maximum Mean Standard deviation
A 4E Modeling set 135 9.05 16.40 12.78 1.24
T4 Prediction set 45 9.65 14.85 12.73 1.15
26 All 180 9.05 16.40 12.77 1.22
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Fig.2 Near-infrared spectra of apples at different
detection speeds
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Table 2 Modeling results of five groups of detection speed and integration time

A5 o 3 B /(s F3 I 1] /ms
. S LVs Rc RMSE¢ Rp RMSE,
Group Detection speed Integration time
1 0.3 100 10 0.945 0.405 0.886 0.549
2 0.5 70 8 0.760 0.806 0.749 0.772
3 0.5 100 9 0.921 0.482 0.921 0.451
4 0.5 120 9 0.876 0.598 0.898 0.506
5 0.5 150 9 0.925 0.473 0.894 0.516

1) LVs: %% F094F; Ro Rp: EALE 5 TAM £ 6948 % % 4 RMSE . RMSE,: B4 L 55 Tl 45 6939 5 A% £
1) LVs: Latent variables; Rc, Rp: Correlation coefficient of modeling set and prediction set; RMSE, RMSEp: Root mean square

error of modeling set and prediction set respectively
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Fig. 5 Scatter diagram of apple SSC under the same detection speed and integration time of modeling set and prediction set
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Table 3 Prediction results of other detection speeds and
integration time models with detection speed of
0.5 m/s and integration time of 100 ms

RERE/(ms™) B4 ) /ms

Detection speed  Integration time Lvs Re  RMSEp
0.3 100 13 0.683 0.839
0.5 120 10 0.877 0.570
0.5 150 9 0.772  0.730

1) LVs: # & 2085 ; Rp: TN 4 6948 % % #; RMSEp: T
M 03 AR £
1) LVs: Latent variables; Rp: Correlation coefficient of predic-

tion set; RMSEp: Root mean square error of prediction set
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Fig. 6 Scatter diagram of predicted value and actual value of apple SSC for other experimental groups predicted by
detection speed of 0.5m/s and integration time of 100 ms
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Table 4 Prediction results of prediction model with mixed
detection speed and integration time

R (mes™)  ARSrI(A])/ms

Detection speed  Integration time LVs Re RMSEp
0.3 100 9 0.850 0.633
0.5 100 12 0919 0.477
0.5 120 12 0.894 0.488
0.5 150 9 0.893  0.501

1) LVs: B E 208 F; Rp: TRM 4E 6948 % & 2 RMSE,: 7
M 03 AR £
1) LVs: Latent variables; Rp: Correlation coefficient of predic-

tion set; RMSEp: Root mean square error of prediction set
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