W R AR K F 5 4R, 2025, 42(5): 1090-1101 https://zIxb.zafu.edu.cn
Journal of Zhejiang A&F University DOI: 10.11833/5.issn.2095-0756.20250460

SR R, SR, &, 55, ST GETHL RGB R Y T 22 I Fr 4 3 MR B [J]. # AR AR 2741z, 2025,
42(5): 1090—-1101. LIANG Hao, CAI Chentao, ZHAO Wei, et al. Prediction of chlorophyll and nitrogen contents in leaves of
Yulania based on smartphone RGB images[J]. Journal of Zhejiang A&F University, 2025, 42(5): 1090—1101.

ETEEFV RGB B EZMH R &ZEMRZTN
g R, KR, B H, FLA, T, HFEM, ¥FER, FAE, PRE
(gl R KRR S 2R B, TTRg F-M 450003 )
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Wik, [Fk] RO ELZRPERELZGRATT R AR S, #18 iPhonel3 %M 70Pro+%4 st FHUR £ ot 1y B4, 5F
i#iE Python #%F 5 OpenCV ARt R M EAFIELSL, LorTHE N E TR A EF, HELATERwE, A
IAZMA AL FaTE G TRAMER, [£R ] K2 ER £ XK T0Pro+144E & = 2ot R 97T 4% (R™=0.740) #= &
* (R?=0.741) FAml b 2k R %4, ATAVZ M&BA £ iPhonel3 #4382 A& = 2 vt i 447t 4 & (R2=0.728). %4 70Pro+443%
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Prediction of chlorophyll and nitrogen contents in leaves of
Yulania based on smartphone RGB images

LIANG Hao, CAI Chentao, ZHAO Wei, LI Yajie, WANG Wenkun, HU Yuhang,
SHEN Yuxiao, LI Yonghua, SUN Tianxiao

(College of Landscape Architecture and Art, Henan Agricultural University, Zhengzhou 450003, Henan, China)

Abstract: [Objective] This study aims to develop a method for predicting chlorophyll and nitrogen in leaves
of Yulania denudata and Y. biondii based on smartphone RGB images. [Method] Mature leaf of Y. denudata
and Y. biondii were used as the research objects. Leaf images were collected using 2 smartphone models,
namely iPhonel3 and Honor 70Pro+. The color feature parameters of the leaves were extracted via Python and
the OpenCV library. Combined with the leaf chlorophyll and nitrogen measured by a chlorophyll meter,
prediction models were constructed based on three algorithms: Linear Regression, Artificial Neural Network,
and Support Vector Regression. [Result] Among the constructed models, the Linear Regression model
achieved the best performance in predicting chlorophyll (R*=0.740) and nitrogen (R*=0.741) of Y. denudata
leaves imaged by the Honor 70Pro+. The Artificial Neural Network model exhibited the optimal performance in
predicting chlorophyll (R*=0.728) of Y. biondii leaves captured by the iPhonel3 and nitrogen (R*=0.735) of Y.
denudata leaves imaged by the Honor 70Pro+. For the Support Vector Regression model, it showed the best
predictive ability for both chlorophyll (R*=0.748) and nitrogen (R*=0.742) of Y. biondii leaves captured by the
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Honor 70Pro+. [Conclusion] The prediction method of chlorophyll and nitrogen based on smartphone RGB
images shows good feasibility in the leaves of Yulania plants, and the prediction performance of all models
reaches a relatively high level. Interspecific differences among Yulania species result in variations in the fitting
performance of the prediction models. [Ch, 10 fig. 1 tab. 28 ref.]

Key words: RGB image; Yulania denudata; Y. biondii; chlorophyll; nitrogen; prediction
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A5 RRIE 5 S R AR ARG PE

2 HEREpN

2.1 ARFBAEHENEXESS T

FHOEME AT & B . iPhonel3 FABE M) K 2 B ARF(E S M4 R MH . AREMA TS RMK. k1
Fiim s FERFER R BIAROCHE T T, iPhonel3 FHEAY (1 £ 5 M e BUB W B CURFIE 2058 (BHR)/G; 13
AR LM R UK R AR IE AN o SRR 70ProHHTAE 1Y FT K 22 i e SRR 0 B A AR 2H A R
B/R-G; RN EE £ 220 i S BUR B AR R G0 B-R—G. TERZ ARG /T, iPhonel3 411
HE 20 R s R B AR S (BHR)/G; TATRMEEE 220 i USRI B AR R & 0 ro 80
TOPro+HAFE Y FA 5 2 M S BRI (R AE 40 A5 0 B/R-G 5 FASRAYEE TR T 2 Fr B i B (0 R A 4
4 B-R-G.,

X 45 21 5 g 28 S R 4R 2 S A G 1 e v B B G R AR A A AT R M LA o B . P S
TOPro+A4% 1Y 11 K == it - RRIE 7 8 5 4K (R*=0.687), AR (R*=0.688) 1Y) R* fix i ; iPhonel3 41148 1
L R E T R S MR R (R*=0.411), A E (R*=0.415) 19 R® ffi%, FHIA[EE BET-HLXHRAE J7 FL 4]
ARCRA B (F 4).

®1 ERBBFESHER REMEXESH

Table 1 Correlation analysis of selected color features with chlorophyll and nitrogen

LSRRI R B H5EFEMHLREL
?;% S5 BEHEE EEGE= BHHEEM
iPhonel3 SRHETOPro+ iPhone13 SEHET0Pro+ iPhone13 SR T0Pro+ iPhone13 ZEHETOPro+
R -0.156 —0.484 -0.306 —0.455 -0.156 —0.484 -0.230 —0.446
G —0.467 -0.828 —0.584 -0.629 —0.468 -0.829 -0.562 ~0.599
B 0.484 0.478 0.652 0.643 0.484 0.478 0.666 0.655
r -0.369 -0.505 -0.777 -0.765 -0.369 -0.506 —0.786 -0.772
g —0.640 —0.642 -0.615 -0.518 —0.640 —0.642 -0.631 —0.529
b 0.599 0.679 0.706 0.706 0.599 0.680 0.717 0.715
R-G 0.614 0.499 0.274 0.007 0.615 0.499 0.304 ~0.002
R-B —0.570 —0.706 —0.768 -0.793 —0.570 -0.707 -0.775 —0.799
G-B -0.637 —0.742 -0.702 ~0.695 -0.637 ~0.743 -0.712 -0.701
R/G 0.584 0.370 0.240 —0.056 0.585 0.370 0.272 —0.062
R/B —0.530 —0.552 -0.738 —0.695 -0.530 —0.553 —0.749 —0.703
G/B —0.581 —0.587 -0.703 —0.637 -0.581 —0.587 -0.716 —0.646
B-R-G 0.577 0.827 0.776 0.808 0.577 0.827 0.781 0.811
R-G-B -0.258 -0.277 -0.701 -0.724 -0.258 -0.277 -0.713 -0.733
G-R-B —0.573 —0.536 -0.592 —0.505 —0.573 —0.537 —0.609 —0.517
G/R-B —0.484 -0.478 —0.652 —0.642 —0.485 —0.479 —0.666 —0.654
B/R-G 0.470 0.830 0.590 0.635 0.470 0.831 0.569 0.607
B/G-R 0.162 0.491 0.320 0.464 0.162 0.491 0.244 0.455
R/G-B —0.483 —0.477 —0.653 —0.644 —0.484 -0.478 —0.666 —0.656
G/B-R 0.140 0.461 0.247 0.413 0.140 0.461 0.170 0.402
R/B-G 0.462 0.824 0.555 0.603 0.462 0.824 0.530 0.570
(G+B)/IR 0.357 0.510 0.768 0.759 0.357 0.510 0.777 0.766
(B+R)/G 0.644 0.647 0.615 0.528 0.645 0.647 0.630 0.537

(G+R)/B —0.561 —0.574 —-0.720 —0.666 —0.561 —0.575 —0.733 —0.675
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Figure 5 Linear Regression models for predicting chlorophyll of Yulania leaves using 2 types of smartphones
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Figure 6 Artificial Neural Network models for predicting chlorophyll of Yulania leaves using 2 types of smartphones
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Figure 8 Linear Regression models for predicting nitrogen of Yulania leaves using 2 types of smartphones
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Figure 9 Artificial Neural Network models for predicting nitrogen of Yulania leaves using 2 types of smartphones
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