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Abstract: We propose in this paper a new method for measuring a number of leaf dimension parameters
including height, width, average width, perimeter and area. A digital scanner is utilized to acquire leaf images,
which unlike digital cameras, requires no calibration in terms of size and angle of the acquired images. Edge
detection, filtering and thresholding algorithms are applied to identify the leaf section of the image against the
background. Forty leaves that differ in shape and size were used to validate the estimated parameters against
the true values and parameters produced by the popular Li-Cor 3100. Data indicated that the proposed method
achieved a constantly high accuracy.
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INTRODUCTION method is based on the weight of graph paper, where the

Leaf area is considered to be one of the most this shape is cut carefully and weighed. Leaf area is then
important agronomic parameters and leaf growth is linked measured using the following formula:
to plant growth and health [1,2]. In predictive research,
leaf parameters (area, height, width, average width and Leaf Area = W/C
perimeter) represent a very important data source for
making decisions regarding cultivation pattern, trimming whereW is the weight of the paper trace of the leaf and C
and pruning and managing fertilisation programs. is a coefficient of the paper (weight of unit area).
Moreover, measurements of leaf parameters are very A third method for measuring leaf area was proposed
important in studies of plant biological characteristics and by Montgomery [9]. A regression equation was used for
in guiding agricultural production practice [3-5]. this purpose according to  the  following  formula [10,6]:

Currently there are two classes of methods to
measure leaf dimensions: digital and non-digital. Below is Leaf Area = f(L.W)
a brief description of these methods.

Non-Digital Methods: A grid paper is used in this that can either be linear or polynomial. The parameters of
approach. After placing the leaf on the grid paper, the the linear and polynomial model need to be estimated for
number of grid squares is calculated. Area of the leaf is each plant genotype. The table below shows the
calculated according to the following formula [6]: proposed formulas for a number of species.

Leaf Area = GN × GA error prone measurements from the user, which may not

Where GN is the number of grid squares and GA is the cannot claim that manual approaches, especially the
area of one grid square. second and third one, are highly accurate. Accordingly,

Another way for measuring leaf area is described by a number of digital methods have been proposed to
Bai et al. [7] and You - Wen and Xiao - Juan [8]. This overcome these limitations.

shape of leaf is copied on a graph paper and the copy of

where L is leaf height, W is leaf width and f is a function

The above three approaches require some slow and

be very practical and can cause errors. Moreover, one
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Table 1: Proposed formulas for a number of species
Plant f(L,W) Reference
Banana (Musa Spp.) 0.033+0.840 (L×W) [11]
Cucumber (Cucumis sativus L.) -210.61+13.358 (L×W) [12]
Sunflower (Helianthus annuus L.) 6.720+0.6494 W [13]2

Kiwifruit (Actinidia deliciosa) 0.82(L×W) -0.28 [14]
Ginger (Zingiber officinale roscoe) 0.919+0.682 (L×W) [15]
Potato (Solanum tuberosum L.) 71.267+0.2798 (L×W) [16]
Sugar beet (Beta vulgaris L.) 31.928+0.5083 (L×W) [17]
Pistachio (Pistacia vera L.) -0.0017(L×W)  + 0.1746 (L×W)  + 71.786 (L×W)  + 79.966 [18]3 2 2

(a) (b)
Fig. 1: (a) Image acquisition system structure [6],  (b) Camera set up [21]

Digital Methods: The most widely used digital device for with the estimated leaf area using the grid paper method.
measuring leaf area and dimensions is the LI-3000 that is They developed an inexpensive system using a camera
manufactured by LI-COR. This hand-held meter can and personal computer (Fig. 1a). They used a wooded box
measure leaf area, width, maximum width, length and and made a hole in the centre of the top face to install the
height. It is rapid and accurate but slow and expensive. camera and placed it in the hole and fixed the distance
However, it has two main limitations. Firstly, it cannot between the lens of camera and bottom at 450 mm. The
handle large leaves. Accordingly, a large leaf has to be cut camera was adjusted to be vertical to the flat surface and
into smaller pieces and the area for each piece will have to the lighting conditions were controlled using natural light
be measured individually so that one can later obtain the focussed on the leaf under a camera to take photos.
area of the whole leaf; however, this process can cause Rico-García et al. [21] used the same technique (Fig. 1b)
measurement errors. Secondly, the device is quite as in the previous study where a stand was used to
expensive [10,8]. control the camera height at 40 cm (from the lens of

Recently, image processing techniques have started camera and the target leaf) and a white surface was
to play an increased role in the measurement of leaf suggested for the base. However, these systems are
dimensions. Digital cameras have been widely used to impractical and not very convenient for field usage.
acquire images, which can then be analysed using Matlab code was developed to estimate the  leaf  area.
dedicated software. For  example,  James  and  Newcombe The aim of the setting shown in Fig. 1b is to control (i)
[19] used Adobe Photoshop, O’neal et al. [20] used a distance  between  the  lens of camera and the target
public domain software (Scion Image) and [21] used an (leaf),  (ii) lighting condition, (iii) angle of camera (it
algorithm that was written in Matlab. Moreover, they used should be vertical) and (iv) leaf position (it should be
the AutoCAD (Computer Aided Design) programme to placed as flat as possible and parallel to a known object)
measure leaf area. Tian and Wang [22] developed a [23].
software code written in C++. Such methods and software The ability to control all above factors led to a very
requirements are not readily available to non-specialists. high accuracy with very low error of estimation [6,21].
Li et al. [6] showed that measuring leaf area based on Hence, developing a new system that can control all these
image processing led to very high accuracy compared factors was our aim in this study.
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Fig. 2: Block diagram of the proposed method

The Proposed Technique: We used a hand-held portable popular  devices  is  the  Li-Cor  3100  leaf  area   meter.
scanner manufactured by Pico Life with 40 × 22 cm This device is accurate. However, there are some
reference plate and we developed a new algorithm, limitations to its usage. For example, large leaves that do
“optileaf” written  in  Matlab  to  measure  the following not fit in the device have to be divided into smaller
leaf dimensions:  area,  width,  height, average width and portions and processed individually. However, this
perimeter of leaves. The key benefit of using a portable process can lead to errors. Moreover, this device is quite
scanner over a digital camera is to reduce the effect of expensive.
environment (lighting condition as well as angle/distance)
where the Red, Green and Blue values for each photo is Actual  Length  and  Width:  A  digital  vernier  was  used
highly affected by these factors. The scanning process to  measure  the  actual  dimensions  of leaves and
involves placing a leaf on a white sheet while it is still validate the readings of the proposed method and Li-Cor
attached to the plant. Below is a brief description of the 3100.
algorithm.

The  image  is  converted  to  grey   scale,   then a Benchmark Images: Five regular shapes were also used
two-dimensional filter is used to remove any outliers, to compare the output with known areas and perimeters of
which assists in identifying the leaf boundaries using an these shapes. The shapes utilised were two rectangles
edge detection algorithm. and three circles were drawn on white papers and filled

Since a leaf is scanned from top to bottom, the with a black colour. A digital vernier was used to measure
highest  and lowest points are found and used to the actual area. Dimensions of these shapes were then
calculate the length. The extreme points on the left and estimated using our proposed method and the Li-Cor
right are used to measure the width. The average width, 3100.
perimeter and area are estimated after identifying the leaf
contour. The leaf is placed between the light background Leaf Images: Forty leaf images with different shapes and
and a transparent sheet to hold the leaf flat during sizes, as shown in Figure 2, were used to validate the
scanning. proposed method and compare its performance to that of

(a) (b) (c) (d)
Fig. 3: Processing steps of an acquired image. (a) an

original leaf image, (b) image in greyscale, (c) after
applying a 2-dimensional filter, (d) after edge
detection

The use of a conventional hand held scanner gives
maximum flexibility and ease of use compared with
conventional systems, which generally use specifically
designed apparatus.

MATERIALS AND METHODS

In order to validate our proposed method, we decided
to compare its readings with the Li-Cor 3100.

Li-Cor  3100  Leaf  Area  Meter:  One of the most
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Li-Cor 3100. The digital vernier was used to measure the
true length and width of leaves. Moreover, correlation
between the estimated area of our proposed method and Where: A  is the estimated area by either Li-Cor 3100 or
Li-Cor 3100 was calculated. the proposed method, A  is the actual Area The table

RESULTS 3.53% for Li-Cor 3100 with standard deviation of 1.57 In

Table 2 shows the absolute average error and standard deviation of 0.99 for the proposed optileaf
standard deviation for the area of benchmark images method. The proposed method was more accurate in most
produced by the Li-Cor 3100 and our proposed method cases and the absolute average error is noticeably lower
with respect to the actual values obtained using the than that of Li-Cor 3100. 
digital vernier. In contrast, the Li-Cor 3100 does not have the

In Table 2, we examined optileaf with actual lengths capacity to measure leaf perimeter. However, our new
and widths measured by digital vernier and Li-Cor 3100 method is capable of such measurements with an absolute
The data showed that Li-Cor 3100 measurements achieved average error was around 4.07% and standard deviation
high levels of accuracy with actual measurements. of 1.76
However, our optileaf method achieved higher a level of Table 3 shows the comparison between leaf width
accuracy for all leaves with minimum absolute average and length estimated by the Li-Cor 3100 and our new
error. method  compared  with  that  of  the   digital    vernier

We adopted the error formula presented in [21,8], (true values). The average length error of the Li-Cor 3100
which is: was  12.83  with  a  standard  deviation  of  14.66,  while  its

1

2

indicates that the absolute average error was around

contrast, the absolute average error was 1.8% with

Table 2: Actual and estimated areas of the benchmark shapes

Actual Li-Cor Proposed method Actual Proposed

Figures Area cm 3100 Error % “Optileaf” Error % Perimeter cm Li-Cor 3100 method Error %2

R1 32 32.7 2.18 31.52 -1.49 26.4 Not Available 25.76 -2.4242

C1 10.17 10.66 4.78 10.15 -0.22 11.3 10.71 -5.2212

C2 78.5 80.12 2.06 76.73 -2.25 31.4 29.37 -6.465

C3 3.4 3.59 5.58 3.30 -2.76 6.28 6.04 -3.8217

R1 27.84 28.69 3.05 27.20 -2.26 23.54 22.96 -2.4639

|Average Error | 3.53 1.80 4.07

SD 1.57 0.988 1.76

Table 3: Actual and estimated length and width of leaf images.

Leaf no. Actual length Li-Cor 3100 Error Proposed method Error Actual width Li-Cor 3100 Error Proposed method Error

1 6.9 7.1 2.89 6.34 -8.07 3.7 3.6 -2.70 3.69 -0.02

2 2.7 3.1 14.81 2.50 -7.16 2.1 2.1 0 2.05 -2.04

3 4.7 5.9 25.53 4.20 -10.63 5.1 5.1 0 5.07 -0.58

4 5.5 6.4 16.36 5.20 -5.30 2.5 2.5 0 2.46 -1.46

5 5.1 6.1 19.60 4.89 -4.02 2.3 2.4 4.34 2.39 4.15

6 4.5 5.8 28.88 4.12 -8.35 2 1.9 -5 1.94 -2.65

7 3.7 7.1 91.89 3.43 -7.07 0.4 0.4 0 0.38 -4.77

8 7.2 8.7 20.83 6.85 -4.85 3.1 3.1 0 3.14 1.30

9 6.8 7.5 10.29 6.40 -5.85 2.4 2.4 0 2.40 0.16

10 5.8 6.1 5.17 5.44 -6.11 4.4 4.4 0 4.37 -0.53

11 5.2 5.4 3.84 4.86 -6.36 4 3.9 -2.5 3.95 -1.17

12 6.1 6.6 8.19 5.86 -3.93 1.3 1.4 7.69 1.33 2.87

13 8.3 8.9 7.22 7.96 -3.99 10.1 10.1 0 10.11 0.15
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Table 3: Continue
Leaf no. Actual length Li-Cor 3100 Error Proposed method Error Actual width Li-Cor 3100 Error Proposed method Error
14 4.6 5 8.69 4.39 -4.45 1.9 2.1 10.52 1.91 0.68
15 6.9 7.1 2.89 6.55 -5.00 6.2 6.2 0 6.21 0.21
16 4.7 5.2 10.63 4.52 -3.78 2 2 0 1.97 -1.38
17 4.2 4.8 14.28 3.94 -6.04 4 4.1 2.5 4.07 1.79
18 2.6 3 15.38 2.44 -5.87 1.3 1.3 0 1.33 2.87
19 8.4 8.8 4.76 7.84 -6.64 10.4 10.2 -1.92 10.41 0.11
20 6.5 6.9 6.15 6.15 -5.28 6.5 6 -7.69 6.45 -0.63
21 7.1 7.9 11.26 6.56 -7.56 8.1 8.1 0 8.10 0.01
22 7.3 8.1 10.95 6.90 -5.45 5.2 5.1 -1.92 5.12 -1.35
23 8.5 9.1 7.05 8.07 -5.05 10.1 9.8 -2.97 10.04 -0.51
24 2.7 3.4 25.92 2.49 -7.47 1.5 1.5 0 1.47 -1.80
25 4.7 5.6 19.14 4.42 -5.94 5.3 5.3 0 5.29 -0.17
26 5.5 5.7 3.63 5.12 -6.84 2.2 2.1 -4.54 2.12 -3.42
27 4.9 5.1 4.08 4.48 -8.40 0.7 0.9 28.57 0.71 2.78
28 3.6 3.9 8.33 3.37 -6.14 0.4 0.5 25 0.49 24.85
29 4 4.3 7.5 3.75 -6.00 0.8 0.8 0 0.83 4.75
30 6.6 7 6.06 5.99 -9.15 1.9 1.9 0 1.81 -4.65
31 2.3 2.5 8.69 2.11 -7.95 1.3 1.3 0 1.24 -4.28
32 2.5 3.1 24 2.46 -1.42 1.8 1.9 5.55 1.83 2.05
33 10.5 11 4.76 10.10 -3.78 2.7 2.7 0 2.74 1.57
34 3.8 4.1 7.89 3.82 0.72 3.6 3.6 0 3.74 4.16
35 4.8 5.6 16.66 4.50 -6.14 2.4 2.4 0 2.42 1.22
36 12.8 13.9 8.59 12.50 -2.28 4.6 4.7 2.17 4.65 1.21
37 9.4 9.7 3.19 9.23 -1.71 4.8 4.9 2.08 4.79 -0.008
38 4.4 4.5 2.27 4.31 -1.84 0.4 0.5 25 0.44 12.15
39 9 9.4 4.44 8.84 -1.67 3.3 3.3 0 3.24 -1.75
40 10.5 11.6 10.47 10.21 -2.73 2.2 2.3 4.54 2.19 -0.34
| Av.Error | 12.83 5.39 2.21 0.88
SD 14.661 2.36 7.61 4.88

Fig. 2: Correlation between leaf area estimations of technique does not require sophisticated system settings
Li-Cor 3100 and the proposed method in terms of distance, angle and lighting condition.

average width error was 2.21 with standard deviation of Compared with the well-known Li-Cor 3100, the new
7.612. In contrast, the average height and width errors of method was more flexible for handling large leaves and
the proposed method were 5.39 and 0.88 with standard much cheaper. It also produces more parameter
deviation of 2.36 and 4.88 respectively. The proposed estimations than the Li-Cor 3100, which does not provide
method achieved very good estimates of height and perimeter and average width data.
width, which were not statistically significantly different Validation of benchmark images and real leaf images
from the true values and relatively better than those showed that the proposed method was able to closely
reported by the Li-Cor 3100 (with lower error standard estimate the various metrics that were not statistically
deviation). different from the true values.

We  have  also  calculated  the c orrelation  between
the  area estimates of Li-Cor 3100 and the proposed
method    of    the   forty   leaf   images.   As  shown   in
Fig. 3, the two methods produced very high correlation of
R = 0.999.

CONCLUSIONS

A hand-held leaf area meter was used in this study,
based on a commercially available page scanner. This
method was capable of estimating the area, width, length
average width and perimeter of leaves. Unlike most of the
existing image processing based methods, our new

Moreover, this new method is portable and easy to use.
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Fig. 3: Forty leaves with different shapes and sizes
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