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ABSTRACT 
 

This paper describes the development of Automated Red-edge Information Feature (ARIF) program for 
evaluating vegetation stress condition. The program is developed in the Interactive Data Language (IDL) 
environment and will enable vegetation hyperspectral remote sensing data to be analysed easily in terms of the 
red-edge position. Results from this program was verified using oil palm data from two (2) states of condition, 
they are healthy and not healthy. The data was taken using a field spectrometer and the result obtained was 
analyzed using ARIF. It was formed to correlate very well into the real world condition. 
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Introduction 
 
Vegetation and Environment: 
 

Approximately, 70% of the Earth’s land is covered with vegetation (Jensen 2000). Adding to that, 
vegetation provides a basic foundation for all living beings and it is one of the most important components of 
ecosystems (Jensen, 2000; Williams, 1992). Knowledge about variations in vegetation phonological (growth) 
cycles, and modifications in the plant physiology and morphology provide valuable insight into the climatic, 
edaphic, geologic and physiographic characteristics of an area (Jones,1998). The conditions of the vegetation are 
related to many factors. Some of them are age, water, nutrient (K, Na, P) content, disease, chlorophyll level and 
others. 

The amount of biomass and the foliar chemical composition are important characteristics, in that they 
provide information about ecosystem processes and they can be remotely sensed (Wessman et al.,1981). Many 
studies have focused on the use of vegetation indices calculated as combinations of near-infrared (NIR) and red 
reflectance. These indices correlate well with plant variables such as biomass, leaf area index (LAI) and the 
fraction of absorbed photosynthetically active radiation (fAPAR) (Baret et al., 1987; Broge et al., 2000). 

 
Remote sensing of vegetation: 

 
Remote sensing is defined as the art and science of obtaining information about an object without being in 

direct physical contact with the object. It is a scientific technology that can be used to measure and monitor 
important biophysical characteristics and human activities on earth (Jensen, 2000).  

Vegetation can be distinguished using remote sensing data from most other materials by virtue of its notable 
absorption in the red and blue segments of the visible spectrum, its higher green reflectance and especially it 
very strong reflectance in the near infrared (NIR). Different types of vegetation show often distinctive 
variability from one another going to such parameters as leaf shape and size, overall plant shape, water content, 
and associated background (such as soil types and spacing of the plants – density of vegetative cover within the 
scene). Even marine or lake vegetation can be detected. Use of remote sensing to monitor crops, in terms of 
their identity, stage of growth, predicted yields (productivity) and health is a major endeavor. This is an 
excellent example of the value of multitemporal observations, as several looks during the growing season allow 
better crop type determination and estimated of output. Vegetation distribution and characteristicsin forests and 
grasslands also are readily determinable (RST, 2004).  

Many remote sensing devices operate in the green, red and NIR regions of the electromagnetic spectrum. 
Because of that, they can discriminate radiation absorption and reflectance of vegetation. One special 
characteristic of vegetation is that leaves, a common manifestation, are partly transparent allowing some of the 
radiation to pass through (often reaching the ground, which reflects its own signature ) (RST,2004). 
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Identifying vegetation in remote sensing images depends on several plant characteristics. For instance, in 
general, deciduous leaves then to be more reflective than evergreen needles. Thus, in infrared color composites, 
the red colors associated with those bands in the 0.7 – 1.1µm interval are normally richer in hue and brighter 
from tree leaves than from pine needles (RST,2004).  

The decline in reflectance in the NIR is due to the spongy-mesophyll layer collapsing as the leaf comes 
under stress and the increase in reflectance in the red is caused by the die-off of chlorophyll and therefore a 
decrease in absorption. We can therefore use this information to evaluate vegetation type, condition or density. 
One way of characterizing this relationship with a single variable is by dividing the NIR reflectance by the red 
reflectance (NIR/Red). The larger this ratio, the more photosynthetically active vegetation is present; the lower 
the ratio, the less photosynthetically active vegetation is present. With aircraft and satellite digital sensors we 
acquire brightness or reflectance data in separate regions of the electromagnetic spectrum. This allows us to 
create a NIR/Red ratio image simply by dividing the NIR image by the Red image. These ratio values will vary 
considerably from one region to another, a way of normalizing the ratio was established called the Normalized 
Difference Vegetation Index or NDVI.  

NDVI = (NIR-Red)/(NIR+Red) (RangeView, 2005) 
 

The reasons for monitoring of vegetation: 
 
There are several factors that influence the reflectance quality of vegetation on satellite and remote sensing 

images, these include brightness, greenness and moisture. Brightness is calculated as a weighted sum of all 
bands and is defined in the direction of principal variation in soil reflectance. Greenness is orthogonal to 
brightness and is a contrast between the NIR and visible bands. It is related to the amount of green vegetation in 
the scene. Moisture in vegetation will reflect more energy than dry vegetation (University of Culgary, 2003).  

In this study, the datasets was taken from two (2) sets of data condition. One condition was lebelled as 
healthy and the other one was not healthy oil palm tree. ARIF was used to verify the state of the tree’s condition 
by giving the red-edge position value and also the vegetation stress condition. The usage of ARIF is very 
important in this stage because this will determine the vegetation stress condition and further investigation can 
be done to the data in order to know the cause of the vegetation stress.  

 
Hyperspectral remote sensing and vegetation: 

 
Hyperspectral remote sensing is a technique that utilizes sensors operating in hundreds of narrow 

contiguous spectral bands, offers to improve the assessment of crop diseases and pests. While its application to 
pest and disease detection is not new, however, the comparative assessment of two different sets of symptoms 
brought by a pathogen and an insect has rarely been conducted (Apan et al.,2005).  

There has been a study on the usage of hyperspectral remote sensing to comparatively examine the level 
and nature of detection of two different sets of symptoms of pests and disease in vegetable crops. By using a 
handheld ASD FieldSpec Pro FR spectrometer (Analystical Spectral Devices, 2002) operating in the 350nm to 
250 nm range, sample measurements of disease or infested and also non-diseases or non-infested leaves were 
collected separately from the tomatoes and eggplant crops (the variable that used in this study). The findings of 
the investigation for tomatoes and eggplant crops are the mean reflectance values of diseased sample in 
tomatoes shows good spectral separability over the healthy ones. It shows that it is feasible to detect the insect 
pests and disease in vegetable crop using hyperspectral remote sensing (Apan et al., 2005).  
 
Red-edge Position: 

 
The red-edge is a characteristic feature of the spectral response of vegetation and perhaps is the most 

studied feature in the spectral response of vegetation and perhaps is the most studied feature in the spectral 
curve (Collins, 1978). It is characterized by the low re chlorophyll reflectance to the high reflectance around 
800nm (often calls the red-edge shoulder) associated with leaf internal structure and water content (Kumar et 
al., 2001) 

Red-edge position (REP), located between 680 and 750 nm, is defined as the wavelength of the inflection 
point of the reflectance slope at the red-edge (Pu et al., 2003). The red edge inflection point (REIP) has been 
used to indicate vegetation stress and senescence (Horler et al., 1983; Rock et al., 1988). The REIP depends on 
the amount of chlorophyll seen by the sensor (Danson 1998; Schlerf et al., 2005). Experimental and theoretical 
studies show that it shifts according to changes of chlorophyll content (Belanger et al.,1995; Munden et 
al.,1994), LAI (Danson and Plummer, 1995), biomass and hydric status (Filella and Penuelas, 1994), age 
(Niemann, 1995), plant health levels (Vane and Goetz, 1988) and seasonal patterns (Miller et al., 1991). When a 
plant is healthy with high chlorophyll content and high LAI, the red-edge position shifts toward the longer 
wavelengths; when it suffers from disease of cholorosis and low LAI, it shifts toward the shorter wavelengths 
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(Pu et al., 2003). The analysis of the “red-edge” is to detect the shift of the “red-edge” wavelength due to the 
stress-induced change in chlorophyll concentration and leaf area index (LAI, m2 leaf area/m2 ground area). A 
number of vegetation indices (VIs) could be used as an alternative for this purpose (Broge and Mortensen, 
2002). However, VIs are found to be weakly correlated with low LAI because of their sensitivity to various 
background factors (Guyot et al.,1992); Nemani et al.,1993). In contrast, “red-edge” inflection position (REIP) 
was reported to minimize the effects of atmosphere and soil background optical properties, and have a high 
correlation over a wide range of LAI (Baret et al.,1992; Danson and Plummer,  1995); Pu et al., 2003; Li et al., 
2005). 

Derivative-based approached determine the REIP by calculating a first derivative and selecting the 
wavelength of the maximum value of the first derivative as the REIP. Instead of directly using the first 
derivative, Danson (1998) have suggested the Lagrangian interpolation of the first derivative to locate REIP and 
stated this technique was useful for observing the “red-edge” shift.  

However, determination of red-edge position is problematic as it involves complicated procedures. Since no 
toolbox has been developed to assist in the operation. Therefore, the aim of this study is to develop an 
automated program to achieve the objective of extractions the red-edge position of vegetation. The performance 
will then be evaluated using palm oil data.  
 
Development of ARIF in IDL Environment: 

 
The first step involved is the acquisition of data using the Field Spectrometer. Two groups of oil palm data 

were measured in which the first group belongs to the healthy state of oil palm trees and the second group 
belongs to the not healthy state of oil palm trees.  

 
Data preprocessing: 

 
According to Figure 1, First, a graphical user interface (GUI) for the toolbox created according to the 

specification that needed for red edge detection and vegetation condition determination. Second, the ASCII data 
text file can be opened in order the toolbox   read the spectral reflectance information. Third, the spectral 
reflectance data will be displayed. After that, the data will be denoised first, and then only the first derivative of 
the data will be obtained and displayed too. The original data and the first derivative data will be displayed next 
to each other to look at the differences between them. From here the red edge position (REP) is already visible 
but the exact value of the REP is not known yet. After that the first derivative data will be smoothed again to get 
a better value of the REP and the REP can be determined now. Lastly, the result for the sample will be 
displayed; result of REP and vegetation condition. 

 
Arif 

 
 

Fig. 1: Flow chart of the red edge detection and vegetation condition development  
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Data processing: 
 
In order to determine the red-edge value, the first derivative of the original data to be calculated. In ARIF, 

the result of the first derivative will be displayed next to the original data. 
 

Red-edge determination: 
 
Commonly, the range of red-edge position is between 680nanometer to 730nanometer.  
 
The threshold was set to ARIF in such a way that: 
If the REP is ≥ 700nm, then the vegetation is HEALTHY 
If the REP is < 700nm, then the vegetation is NOT HEALTHY 
 

Evaluation: 
 

Table 1 and 2 shown the result of the data being tested using ARIF 
 
Healthy samples: 
 
Table 1: Healthy 

Sample No. Red-edge Value (nm) Healthy / Not healthy 
1 703.500 Healthy 
2 704.000 Healthy 
3 705.000 Healthy 
4 710.000 Healthy 
5 710.000 Healthy 
6 710.000 Healthy 
7 710.000 Healthy 
8 710.000 Healthy 
9 707.000 Healthy 
10 705.000 Healthy 
11 710.000 Healthy 
12 705.000 Healthy 
13 716.000 Healthy 
14 706.000 Healthy 
15 706.000 Healthy 
16 706.000 Healthy 
17 706.500 Healthy 
18 707.000 Healthy 
19 707.000 Healthy 
20 702.000 Healthy 
21 706.500 Healthy 
22 707.000 Healthy 
23 707.000 Healthy 
24 703.500 Healthy 

 
Not healthy samples: 
 
Table 2: Not healthy 

Sample No. Red-edge Value (nm) Healthy / Not healthy 
1 688.000 Not healthy 
2 689.000 Not healthy 
3 687.000 Not healthy 
4 688.000 Not healthy 
5 688.000 Not healthy 
6 689.000 Not healthy 
7 688.000 Not healthy 
8 688.000 Not healthy 
9 689.000 Not healthy 
10 689.000 Not healthy 
11 687.000 Not healthy 
12 689.000 Not healthy 
13 688.000 Not healthy 
14 687.000 Not healthy 
15 689.000 Not healthy 
16 687.000 Not healthy 
17 687.000 Not healthy 
18 688.000 Not healthy 
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19 689.000 Not healthy 
20 695.000 Not healthy 
21 695.000 Not healthy 
22 695.000 Not healthy 
23 688.000 Not healthy 
24 688.000 Not healthy 

 
Conclusion: 

 
In this study, a toolbox (ARIF) has been designed to obtain the red edge position for vegetation spectral 

reflectance to determine the condition of the vegetation. The method used to obtain the REP of the vegetation is 
the first derivative technique.   

After testing the reliability of ARIF, it has been found that ARIF is reliable to give the value of the REP and 
also determining the condition of the vegetation. However, a threshold has been used to separate the 
wavelengths range for healthy and not healthy vegetation condition, so the toolbox cannot be used for 
determining the cause of the vegetation condition i.e., the cause of not healthy such as due to lack of nutrients, 
chlorophyll content, etc.  
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