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 Corn 3D Reconstruction for Remote Sensing Validation 
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Abstract. Ground-based leaf area and leaf direction measurements are crucial for remote sensing validation 
of leaf area index (LAI) and leaf angle distribution (LAD) products. The existing methods have some 
drawbacks, for example the instrument is expensive, or the operation is time consuming and labour intensive. 
Towards the features of corn, an image-based method is proposed to avoid these limitations. On the basis of 
photogrammetry, a 3D corn model is reconstructed from captured images. Then accurate leaf areas and leaf 
directions can be measured on this 3D model. The topics about expanding individual measurement to group 
measurement and its application in remote sensing LAI inversion and validation are also discussed. 
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1. Introduction 
Some geometrical structural parameters such as leaf area index (LAI) and leaf angle distribution (LAD) are 
very important parameters controlling many biological and physical processes associated with vegetation on 
the Earth's surface. With the development of remote sensing technique, the difficulty of measuring these 
parameters in large area can be solved, but the results derived from the remote sensing require ground-based 
validation. So the ground-based measurements of these parameters are very important to remote sensing.  

There exist direct methods and indirect methods to measure LAI and LAD on the ground[1, 2]. Indirect 
methods infer LAI from measurements of the transmission of radiation through the canopy, making use of 
the radiative transfer theory. LAI is calculated by inversion of the exponential expression of the gap fraction. 
The direct or semi-direct methods involve measurements of leaf area and leaf direction. LAI and LAD can be 
directly calculated from theses measurements. The emphasis of this paper is to measure leaf area and leaf 
direction by image-based means. Only direct methods are mentioned in the following sections. 

There are several ways to implement direct measurement. Leaf area and leaf direction can be measured 
manually using tape and protractor. Leaf area can be measured using camera, optical scanner or portable leaf 
area meter. Sometimes, three-dimensional (3D) digitizer or LiDAR is used to generate a 3D plant model; 
then both leaf area and leaf direction can be obtained by surveying the 3D plant model. These methods 
encounter some limitations in performing in-situ leaf area measurement. For example, it is a time-consuming 
work and liable to error using tape and protractor; image processing based methods such as camera and 
optical scanner will not work if the leaf can not be expanded in a plane; 3D digitizer and LiDAR are very 
expensive. 

In this paper, an image-based method is introduced to measure leaf area and leaf direction of corn. This 
method overcomes some drawbacks of the previous methods. Camera is the main hardware, so it is not very 
expensive. Based on the principle of photogrammetry, a 3D corn model is reconstructed from images; then 
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leaf area and leaf direction are obtained by surveying this 3D corn model. The accuracy of the proposed 
method will be much better than the methods based on 2D image processing. 

This paper is organized as follows. Section 2 reviews some direct methods, and discusses their 
limitations. In Section 3, the features of corn leaf are introduced, and then the proposed image-based method 
is depicted in detail, such system overview, the procedure and some results. Finally, we draw the conclusion 
and discuss some future works such as improving the proposed method taking account of automation and 
validating accuracy. 

2. Review of Direct Methods 
There exist direct methods and indirect methods to measure LAI and LAD on the ground. Indirect methods 
infer LAI from measurements of the transmission of radiation through the canopy, making use of the 
radiative transfer theory. LAI is calculated by inversion of the exponential expression of the gap fraction. 
Indirect methods can inverse LAI from the instrument’s measurements, but can not directly obtain the leaf 
area and leaf direction of individual plant as direct methods do. And the emphasis of this paper is to measure 
leaf area and leaf direction by image-based means. So we only review direct methods here. 

2.1. Tape and  protractor method 
In order to measure the leaf area and leaf direction of individual plant, obviously the intuitive way is to 
measure the leaf using tape and protractor. Often the shape of the leaf is not a plane; we have to divide it into 
several pieces so that every piece is close to a plane. Then both the leaf area and leaf direction measuring can 
be carried out on every piece of small plane using tape and protractor. When all small pieces are measured, 
the total leaf area is calculated summing up these pieces, and the leaf direction is known doing statistics of 
these pieces’ directions. 

Tape and protractor are very cheap, and this method is very intuitive and simple. The disadvantage of 
this method is that the operation is time consuming, labour intensive and liable to error. Also the measuring 
results are greatly depended on the operators. 

2.2. Shape coefficient method 
In order to measure the curved leaf area, the previous method divides a leaf into several small pieces of plane. 
It is a boring and time consuming work. Shape coefficient method can simplify the operation. This method 
only measures the width and height of the leaf’s bounding box, and then the leaf area is calculated by 
multiplying the bounding box area and a known leaf shape coefficient. 

Comparing to the previous method, the shape coefficient method is efficient. But if a wrong shape 
coefficient is selected, the results will be very bad. 

2.3. Dry mass method 
In dry mass method, the leaf area is not directly measured using tape. The ratio of leaf area to dry mass is 
measured on a sub-sample of leaves instead. This ratio is called SLA (cm2g-1). Then the total leaves dry mass 
within the test field can be converted into LAI multiplying by SLA. 

The efficiency of dry mass method is higher than previous methods. The correct SLA and total leaves 
dry mass are crucial to this method.  

2.4. Image processing method 
In this method, the leaf is first converted into image by taking photo or optical scanning. Then the captured 
image is classified into leaf section and non-leaf section using image processing algorithms. The following 
step is to count the pixels in the leaf section. If the actual area corresponding to a pixel is known, the actual 
area of whole leaf can be easily computed out. 

There are two hypothesises, first is that every pixel has equal actual area; second is the leaf is able to 
expand to a plane. The leaf such as corn leaf can not completely expand to a plane will not be measured 
accurately by this means. In the case a camera is used to capture the leaf image, the CCD plane must be 
parallel to the leaf plane to satisfy the first hypothesis. This configuration can not achieved with ease in 
practice.  
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2.5. LiDAR method 
LiDAR is the acronym of Light Detection and Ranging. Recording the time between a laser pulse sent and 
received by LiDAR instrument, the distance between LiDAR and object can be measured. With the help of 
other sensors, this distance can be transformed into 3D coordinates of object[3]. The ground-based LiDAR 
can be used to get the 3D plant model and then surveying the leaf area and leaf direction will be 
accomplished on this 3D plant model. 

To obtain a 3D plant model is very simple and efficient using LiDAR, and the accuracy of leaf area and 
leaf direction measured on a 3D plant model is high. But the expensive cost of LiDAR limits the use of this 
method. 

2.6. 3D digitizer method 
3D digitizer is a non-destructive instrument to acquire the object’s 3D information. It is also useful for 
measuring the leaf area and leaf direction. 3D digitizer can be used to obtain the whole 3D model of plant or 
just measure the required parameters. 

If a whole 3D plant model is needed, then using 3D digitizer is also a time consuming and labour 
intensive work. Some 3D digitizer need not contact the object to get 3D coordinates, while some 3D digitizer 
must contact the object with its probe. If the latter is adopted to measure the plant, the measuring result of the 
leaf will not be accurate. 

3. Image-based Measuring Method for Corn Leaf Area and Leaf Direction 

3.1. Why camera 
From the previous review of existing direct methods, it can be seen there are some drawbacks. When the 
plant geometrical parameters are measured using tape and protractor, the tools are the simplest, but the 
operation is boring and the result is not accurate. When plant is measured by 3D digitizer or LiDAR, the 3D 
model can be reconstructed more precisely, but the instruments are expensive. If the 3D plant model can be 
generated by a low-cost method, then the accurate leaf area and leaf direction can be obtained surveying the 
3D plant model. 

As we know, photogrammetry is widely used in modelling the real 3D world. The aerial photogrammetry 
can obtain the terrain and large-scale buildings, and the close-range photogrammetry is adopted in ground-
based 3D survey. However, photogrammetry methods, either aerial photogrammetry or close-range 
photogrammetry, are mostly applied in simple scene with regular objects in it. For example buildings or 
workpieces, both have the straight lines or regular shapes.  

Although the natural things such as plants remain one of most difficult kinds of object to model due to 
their complex geometry and wide variation in appearance, image-based method, in other words 
photogrammetry, may be the most promising solution to reconstruct the 3D model of individual plant[4]. 
Because the instrument of photogrammetry is camera, the cost is much lower than 3D digitizer or LiDAR. 
Further more compared with the 3D point clouds of LiDAR; the captured images have abundant semantic 
scene information, which is very helpful to reconstruct the complicated plant model.  

3.2. Why corn 
We have two reasons to select corn as study case. 

• Recently, a fieldwork campaign will be undertaken in the region of Heihe Rive, Gansu province, 
china. Corn is the preponderating crop in that region. An efficient corn leaf area and leaf direction 
measuring method should be developed. 

• Corn has curved leaves. The previous studies generally regard the leaf as simple plane; we want to do 
different research. There are two main parts of a corn model, respectively stem and leaves. The 
reconstruction of stem is relatively easier; it can be modelled using several cylinders. The difficulty of 
corn model mainly lies in leaf reconstruction. As mentioned, the leaf of corn is curved; it can not be 
represented with a simple plane. Moreover, the appearance of each leaf is similar; it is even hard for a 
human being to distinguish, to say nothing of computer. It is a challenge to reconstruct the 3D corn 
model by photogrammetry means[5]. 
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3.3. Features of corn and reconstruction strategy 
The corn contains several layers; there is a pair of leaves in each layer. There doesn’t exist a view angle that 
leaves in all layers can be seen. We have to reconstruct the leaf models in every layer one by one; every 
individual leaf models are registered; together with stem model, entire 3D corn model is created. 

It should be noticed that the corn leaf consists of three curves: two for the leaf boundary and one for the 
central vein. The work flow of modelling an individual corn leaf is described as follows. First two calibrated 
cameras are used to simultaneously capture the stereo imagery pairs. Then an edge extraction operator is 
applied to all images to extract both two boundaries and one central vein of the leaf. The third step is to 
match the homologous curves among these stereo imagery pairs under the guide of epipolar constraint[6]. 
After matching procedure, the 3D curves representing a leaf can be computed by space intersection 
algorithm; the form of 3D curve is cubic B-spline. Finally, selecting two edges and the central vein to 
generate triangulated surfaces among them, and the surface of the leaf is represented by these triangulated 
surfaces. 

Following figure illustrates the work flow of the proposed method for corn 3D reconstruction, LAI and 
LAD computation. 

Determine the exterior orientation of each image

Extract two leaf boundaries and one central vein of 
one layer in each image

Match the homologous curves among images

Reconstruct 3D curves by space intersection algorithm

Reconstruct 3D curves by space intersection algorithm

Reconstruct 3D leaf based on 3D curves of two leaf 
boundaries and one central vein

Reconstruct 3D corn stem

Finish all layers?

No

Yes

Assemble stem and leaves to form a 3D corn model

Take photos from different view angles

Compute LAI and LAD based on 3D corn model

 

Fig. 1: Flow chart of image-based 3D corn reconstruction, LAI and LAD computation. 

3.4. Data processing and result 
Following the proposed work flow, we preliminary reconstructed a 3D corn model. Figure 2 shows two 
images taken from different view angles. The circle marks on the leaves are used to recover the exterior 
orientation of each camera station. Exterior orientation means 6 degree of freedom (DOF) of a camera station, 
3 for position and 3 for attitude. Exterior orientation is the precondition to extract 3D information from 2D 
images. 
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Fig. 2: Two images taken from different view angles. 

Figure 3 is two boundaries and one vein belonged to the circle leaf in the figure 2. Figure 4 shows two 
synthesized views of corresponding reconstructed 3D leaf curves. 

 
Fig. 3: Two boundaries and one vein of a leaf extracted from image. 

 
Fig. 4: Two synthesized views of the reconstructed 3D leaf curves. 

Leaf surface can be built up based on the reconstructed 3D leaf boundaries and vein. Figure 5 shows leaf 
surface represented by triangulations and corresponding normal vectors. 

        
Fig. 5: Reconstructed leaf surface and normal vectors. 
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When all leaves and stem are reconstructed, these components should be assembled to form a complete 
3D corm model. Two synthesized views of the reconstructed 3D corn model are demonstrated in figure 6. 

        
Fig. 6: Two synthesized views of the reconstructed 3D corn model. 

LAI and LAD of individual corn can be calculated based on the leaf areas and leaf directions measured 
on the reconstructed 3D corn model. When enough samples are taken, the LAI and LAD measurements of 
individual corn will be extended to the measurements of a region. 

4. Conclusion and Future Work 
This paper proposed a photogrammetry solution to extract the 3D corn model from imagers. Then the 
traditional in-situ plant parameters measuring task can be carried out on 3D model. The measured parameters 
such as LAI and LAD can be used as ground truth to validate the inversion result of remotely sensed data. 
The proposed solution has some advantages. The hardware is much cheaper than 3D digitizer or LiDAR. 
Compared with manual work, the accuracy will be better, the operation is easier, and the efficiency is higher. 
Recently, a fieldwork campaign will be undertaken in the region of Heihe Rive, Gansu province, china. Corn 
is the preponderating crop in that region. The proposed method will be assessed in this experiment. 

The research in this paper is only a beginning. There are a lot of works to do in the future. More images 
should be taken to reconstruct an integral corn model. The accuracy of the proposed method should be 
evaluated in a proper way. The automation degree of the proposed method should be improved. 
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