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Abstract. Leaf area index is one of the most important parameters in ecological
and environmental studies. This paper presents a method for single leaf area
measurement based on the counting of the leaf pixels in digital leaf image.
Initially, the target leaf is put on a piece of white paper on which four endpoints
of an equal-length and orthogonal cross are printed. A background color
threshold is then set to separate the white background pixels from the leaf
pixels. After the removal of the background pixels, the leaf pixels are left; and
the ratio of the number of leaf pixels to the number of pixels of the reference
facet formed by the four control endpoints is equal to that of their areas. The
single leaf area can then be computed easily based on this proportional relation.
Analysis and experimental results indicate that the proposed method is an
efficient and precise method for single leaf or leaf-like object area measurement.
Keywords: Digital camera; Leaf area; Area measurement; Image processing
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Introduction

Leaf is a key functional organ of photosynthesis and transpiration, the size of left
area impacts greatly on the physiological function of the plants. LAI (Leaf Area Index)
is also an important input parameter of some plant, ecology and environment models
[1, 2], thus fast and accurate estimation of leaf area is significant. The currently
available approaches for single leaf area measurement are mainly including: using
leaf area measuring tools, grids approximation, weighing [3], using planimeter [4],
displacement volume computation [5], regression models [6-8], and image processing
[9-11], and so on. Among them, using leaf area measuring tools or planimeter is
highly accurate, however, with high cost of equipments as well. And other methods
such as the grids estimation, weighing, displacement computation and regression
models are available for different kinds of leaves and low in cost, but their accuracy is
low too. Considering the cost of tools, applicability, accuracy, efficiency, and the
convenience for outdoor measurement, the image processing method can be a

considerable method. Based on this, this paper proposes a method for computing
single leaf area by separating the background and counting the leaf pixels.
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2.1

Materials and method

Leaves for experiment and their areas

Thirty pieces of Japan Euonymus leaves with different shapes were selected as
experimental materials. They were numbered and put on a 10×10cm white referent
paper, respectively. And then they were scanned with a high resolution, respectively.
The number of pixels NB in the entire 10×10cm region was then counted in Photoshop,
and the number of non-background pixels NL were then computed by removing the
white background pixels. Because the scanner images objects in a progressive and
orthographic projection manner, the proportion of the area of leaf SL and the area of
background SB will equate to that of the number of leaf pixels and the number of
background pixels.

SL NL
=
.
SB N B

(1)

Using equation (1), we can compute the actual area of every leaf respectively, and
their areas are then considered as true values in the validation section.
2.2

Method and procedures

The principle of this proposed method is the same as that of the above method for
measuring leaf area by a scanner, that is, using the proportions of the area and the
number of pixels. For the convenience of taking pictures on field, we use a common
digital camera rather then a scanner. And for the convenience of program processing
and the insurance of accuracy, the referent paper is replaced by four endpoints of an
equal-length and orthogonal cross printed on a piece of paper. So the main procedures
are as follows:
1) Four endpoints of an equal-length (10×10cm) and orthogonal cross are initially
printed on the middle of a piece of common A4 paper. Leaves are then put onto this
paper respectively, unwrapped with its centre lapping on that of the cross, leaving
four endpoints uncovered. If the leaf cannot be unwrapped naturally, a cut or clip is
then needed.
2) Choose suitable settings and parameters for the camera, and then take pictures of
leaves respectively, bearing in mind that the primary optical axis should be
perpendicular to the background paper with its focus aiming at the centre of the leaf.
This ensures the correctness of above equation (1).
3) After the above image acquisition, we obtain images with white background,
green leaf, and four black dots. Initially, we find the coordinates of the four endpoints

on an image. And from these coordinates, we can compute the distances and included
angle of the four endpoints. Because we had 4 endpoints of an equal-length and
orthogonal cross printed on the paper, then their corresponding points in an image
should also be equal-length and orthogonal, if the positions of camera and leaf are
right when the picture is taken. Thus, the difference of the in-image distance and the
actual distance should not be larger than a threshold, say, 1% of the longer distance.
Also, the difference of the included angle should be less than one degree. If they do
not meet these conditions, then the positions of the camera and the leaf may be wrong
during taking picture, for example, the camera would be in a gradient position. If this
is the case, then, equation (1) would no longer hold in such images, and thus they
need to have picture retaken. If the image is available, a further operation can then be
performed to remove the background. The background is white (RGB: 255, 255, 255),
but it will be slightly changed due to the color error of the CCD, thus we can set a
color threshold, say RGB greater than 230, to filter those background pixels. After the
background pixels are counted, there are pixels of leaf and those four endpoints left.
And the four points can be very tiny, so we can ignore their area. This means these
non-background pixels can be considered as leaf pixels. Thus, we can compute the
numbers of background and leaf pixels, and the area of background (10×10cm).
Finally, the area of the interested leaf can be computed via equation (1).
2.3

Flowchart for the image processing

Based on the above descriptions, we can conclude the main image processing
procedures as: 1) coordinates acquisition, 2) distances and included angle
computation, 3) error detection, 4) separation of background, 5) left pixels count, 6)
leaf area computation. And then the flowchart for programming could be as follows.
Start

Coordinates acquisition by mouse

Compute distance d,
included angleθ

△d,△θlarge?

Y

N

Set RGB threshold
for bkgrd separation

Count the bkgrd and
leaf pixels

Compute left area
via equation (1)

End

Fig. 1. The flowchart for the image processing of single leaf area measurement

Here are some details need to notice during programming: 1) after four endpoints
are picked, two distances can be computed, then the included angle can be calculated
by: cosα = (vector1 • vector2) / (|vector1| * |vector2|). Again, the differences of
distances and included angle should not be exceeding, otherwise the program should
give an alert and terminate; 2) the RGB threshold for background separation can be
different because of different lighting situations and camera settings, based on many
experiments, we recommend RGB (230, 230, 230) as a threshold, pixels with R, G,
and B values all greater than this can be considered as background; 3) if the
differences of distance and included angle are not exceeding, then the average number
of pixels should be used to compute the number of pixels of the 10×10cm square; 4)

leaf area computed by equation (1) is just one side area of the leaf area, if area of
double sides is wanted, a multiplication with two is then needed.
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Results and discussions

For the convenience of program processing, based on the above method, we
developed a program within VC 6.0 and its MFC and an open JPEG lib called
JpegLib. To test the accuracy and efficiency of this method, all the selected leaves
were measured by this program, then, we computed the RMSE for every single leaf
via the following formula:

RMSE =

1 n
(Sm - St ) 2 .
å
n i=1

(2)

Where n is total number of leaves, Sm is the area of a numbered leaf measured by
program, St is its corresponding true value of area. To find a best resolution for this
type of leaf, we took pictures of these leaves with different resolutions, and then we
computed the RMSE and recorded the average processing time for every image,
results are showed in the Table 1 below.
Table 1.

The RMSE and processing time for single leaf area calculation at different image

resolutions
Resolution
RMSE (cm2)
Average processing time (ms)
0.07
23
640×480
0.04
78
1024×768
0.02
221
1600×1200
0.02
617
2048×1536
0.02
1387
2272×1704
Configurations: CPU Pentium D3.2G, 2G DDR2 800RAM, WinXP;
The best resolution would vary for different objects.

As indicated by Table 1, the RMSE remains the same when the resolution is higher
than 1600×1200; instead, higher resolution image demands larger storage space and
longer processing time. A Jpeg decoding is needed in every time when the program
reads the image file, also, a full traverse of all pixels is needed when the program tries
to count the amounts of the background and leaf pixels. Thus, there is no benefit to
using a resolution higher than 1600×1200 for leaves like Japan Euonymus’s.
Therefore, the best image-taking resolution is 1600×1200.
To test the stability of this method, we took 20 pictures for a single leaf using the
best resolution, and then we computed the area for every picture, and based on the
results, we got the following basic statistics in Table 2.
As shown in Table 2, the coefficient of variation and mean relative error are both
small, indicating that the areas are mostly approximate, and this method is highly
accurate and stable.
The principle of this proposed method is quite similar to that of the reference [9].
To compare these two methods, we took one picture for every selected leaf at the best

resolution, and then we computed areas using both methods, respectively. The results
are shown in Fig. 2 below.
Table 2. The statistical results of 20 area measurements for a single leaf at resolution of
1600×1200
True area(cm2)

Min(cm2)

Max (cm2)

Mean(cm2)

Standard
deviation(cm2)

Method of reference[9]

5.26
5.16
5.35
5.27
0.06
Note: Mean relative error = |measured area - true area| / true area × 100%.

Coefficient
of variation
1.1%

Mean
relative
error
0.2%

7
6.5
6

Unit: cm^2
2

R =0.9747

5.5
5
4.5
4
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The proposed method

Fig. 2. The comparison of measurements of 30 pieces of leaves using two different methods

As shown in Fig. 2, the results of the two methods are quite similar, with high
correlation too. But, there is still an improvement in accuracy in our method. Because
of the virtual equal-length and orthogonal cross, the program can determine if the
positions of camera and the leaf are correct when the picture is taken. This ensures the
correctness of equation (1) and thus avoids the gross error and improves the accuracy.
Our method distinguishes the leaf pixels from the background ones by means of
their color difference. This brings additional benefits such as: automatic removal of
the holes and the sear or ill spots. This method can also be used to measure areas of
some leaf-like slices such as paper money and so on.
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Conclusion

This paper proposes a method for single leaf area measurement by means of
counting of the background and leaf pixels. In this method, a virtual equal-length and
orthogonal cross is adopted to avoid the potential gross error and improve the
accuracy of leaf area measurement. Experiments indicate that the best image
resolution for moderate or small leaves is 1600×1200. This method is also available
for the area measurement for any leaf-like slice.
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