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Application of image processing and linear regression for

estimation of leaf area
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Abstract

Measurements of leaf area are essential to analyze the rate of photosynthesis of plants. This article
presents a system design using image processing technique and linear regression analysis to estimate a leaf area,
which is derived from pixel count in a scanned leaf image. In a process of making a model, a hundred pieces of
paper in different sizes were scanned by a 100 and 200 pixel scanner, and then analyzed by linear regression
analysis method to create 3 models for estimating leaf area. To find errors of the models, 60 different leaves were
tested. The result showed that the model created from a ratio between leaf area and background gives accurate
results with very small errors, and is also flexible for resolution change in a scanning process.
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Figure 1 Algorithm for the analysis of the parameters used to assess leaf area.
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Table 1 Samples before and after being processed with image processing techniques.

MNo. Image of leaf before being

processed

Image of leaf after being processed

with image processing technigues.
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Table 2 Examples of data used to create a model.

Size of the object Pixel of leaf at resolution 100 Pixel of leaf at resolution 200
1 1824 6834
2 3533 13315
3 4943 19105
4 6600 25735
5 8261 32055
6 9759 37982
7 11446 444861
8 12724 50671
9 14235 56840

75 117019 466890
a0 140382 560109
100 155631 620944

2,
Scatterplot of Pixel Resolution 100 vs Area (cm°)
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Figure 2 Scatter diagram of pixel count on a scanned leaf area

at a resolution of 100.
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Scatterplot of Pixel Resolution 200 vs Area (cm’)
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Figure 3 Scatter diagram of pixel count on a scanned leaf area at

a resolution of 200.
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Table 3 Examples of data used to create a model from a ratio between leaf area and background.

Object's actual Pixel of leaf

Pixel of background

Ratio of leaf

size {sz} resolution 200 rescluticn 200 (R}
1 6834 4084150 017
2 13315 4077669 0.33
100 620944 3470040 15.18
Leafy eq = —.110 + (6.60 X leaf _ratio) Lﬁﬂﬁﬁﬁﬂﬁfl’mﬂ@ﬂmﬁaﬂuﬂl@\’lLL‘]_I‘LI'NQ’]@@QW\’I@WN
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Table 4 The results of the experiment with the three models.

No. Model resolution 100 Model resclution 200 Model ratic of leaf Actual size of leaf
1 0.876 0.989 0.992 1

2 1.976 2.033 2.038 2

3 3.951 4.032 4.041 4

4 13.977 13.935 13.964 14

60 §9.927 99.861 100.067 100
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Table 5 The average of error from the experiment.

Type Model Error average
Resolution 100 Leafyreq = —299 4+ (000644 x P) 1.066%
Resolution 200 Lea fyreq = —111 4+ (000161 X P) 0.457%
Ratio of Leaf Leaforeq = —.110 + (6.60 X R) 0.437%
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