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Abstract. Agricultural remote sensing applications traditionally examine parcels as a whole, as-

suming that their area is homogeneous enough. This goal is well accomplished with the usage of 

conventional high resolution images: when the parcel size is at least 10-20 pixels, adequate radia-

tion information can be gathered to describe parcel properties. However, in the past years precise 

geometrical delineations gain more and more importance. The exact delimitation of parcel border 

is inevitable to carry out area measurement in agricultural subsidy control, while delineations 

within parcels are used to detect inhomogeneity of cultivated crops and the appearance of un-

wanted vegetation. 

These needs give a continuous pulling force to the development of very high resolution (VHR) im-

ages, and these concerns were in the authors’ mind when they participated in the Pléiades Techni-

cal Evaluation Programme organised by Astrium Services. In the frame of this programme sample 

Pléiades images were provided to remote sensing experts so test their capabilities in the implemen-

tation of Common Agricultural Policy. The authors tested the images in two projects: in the con-

trol with remote sensing of agricultural susbsidies and in the detection of unwanted vegetation, 

most importantly ragweed. 

Qualitative and quantitative tests executed with Pléiades-1A images confirmed that very high reso-

lution images carry superior quality information, often substituting traditional field measurements 

in both of the inspected projects. 
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1. Introduction: the technical evaluation programme of Pléiades images 

This article introduces the first experience of the Institute of Geodesy, Cartography and Remote 

Sensing (FÖMI) with the usage of Pléiades satellite images (see [1]) in the Control with Remote 

Sensing of Agricultural Subsidies and in the detection of unwanted vegetation. Astrium Services 

announced a technical evaluation campaign, and offered sample imagery for the experts involved in 

the implementation of Common Agricultural Policy (CAP). We had the opportunity to receive some 

images of Pléiades-1A satellite acquired during 2012 and to test them in remote sensing control of 

area-based subsidies (CwRS) and in the detection of unwanted vegetation, most importantly rag-

weed. 

In Control with Remote Sensing, Very High Resolution (VHR) images are the only accepted 

tools for area measurement in computer-aided photo-interpretation. Besides, they are used in the 

crop determination and in the control of Good Agricultural and Environmental Conditions. Regard-

ing the Pléiades technical evaluation campaign, we have designated the control zones of year 2012 

CwRS campaign as the areas of interest. Astrium Services provided us Pléiades images for one 

complete control zone in the North-Western part of Hungary. Therefore we were in the lucky situa-

tion that several very high resolution images were available over the sample area within the same 
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year: GeoEye-1 and Ikonos satellite images, which were provided by EU, and color infrared ortho-

photos. 

Ragweed monitoring has been carried out in Hungary by FÖMI since 2005. The extent of this 

programme largely varies between years: from a small sample area to the whole country, and from 

research and development programme to an operational project financed by the responsible ministry. 

Its main remote sensing data source consists of high and medium resolution multispectral satellite 

images. But as a research experiment, VHR images were involved to test the possibilities for exact 

delimitation of ragweed spots within parcels. 

This report reviews the experience gained with Pléiades-1A images in these two programmes 

regarding pre-processing, parcel delimitation and crop recognition, texture information, the detec-

tion of crop inhomogeneity and the appearance of weeds within agricultural parcels. 

2. The experience of pre-processing 

Pléiades images have been provided for two sample areas. The first one (#1) was covering an 

area of 400 km2, situated in Southern Hungary (left hand side of Figure 1). It slightly overlaps with 

one of the control zones of year 2012 CwRS campaign. The second one (#2) was the complete 

“GYOC” control zone of CwRS campaign, with an area of about 855 km2. It fits within a bounding 

box with a width of 45.3 km and a height of 27.6 km. The shape of this zone is not ideal regarding 

VHR coverage, because it is located at the country border, as is illustrated in the right side of Fig-

ure 1. 

 

  
Figure 1. The sample Pléiades mosaics (RGB412) and their location within Hungary 

 

Sample areas #1 and #2 were covered by two and four image frames, respectively. The two 

scenes of #1 were acquired on 18 October 2012, while those of #2 were taken at three dates, as 

shown in Table 1 and in the overview map in Figure 2. Overlap between image frames of #2 makes 

it possible to check the geometric and radiometric matching between neighbouring frames. 
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Table 1. The list of image frames in the sample imagery 

Sample area Scene ID Acquisition date 

#1 0309 18/10/2012 

#1 0427 18/10/2012 

#2 1333 06/08/2012 

#2 8364 18/08/2012 

#2 8481 18/08/2012 

#2 4565 25/08/2012 

 

 
Figure 2. Overview map of image frames within the whole coverage of sample area #2 

 

Images were provided as a bundle of a 4-band, 2 m resolution multispectral image and a 1-band, 

0.5 m resolution panchromatic image, in JPEG2000 format. The radiometric resolution is 4096 grey 

levels. All the processing steps have been carried out in Erdas Imagine software suite. 

1.1. Geometric pre-processing 

Geometric correction was carried out using RPC method with GCP’s. RPC parameters were 

provided in XML metadata files. GCP’s for area #1 were designated on ortho-photos, therefore 

somewhat less geometric accuracy could be expected. GCP’s for area #2 were available from opera-

tional CwRS campaign. These points were originally measured in the field with sub-meter precision 

GPS during the summer of 2012. All the images were projected into the Hungarian Unified Map 

Projection System (EOV). The exact implementation of this projection is not standard in Erdas, but 

the program providing the necessary calculations is available in FÖMI as an external projection. 

The result of geometric correction was satisfactory both for the panchromatic and for the multispec-

tral images. The details of ortho-correction are listed in Table 2. No significant difference was 

found between the errors in X and Y directions, this is why we have given only 2D RMSE.  

However, it is spectacular that a Digital Terrain Model (DTM) of necessary accuracy is inevita-

ble in this hilly area. The DTM used has a grid spacing of 5 m by 5 m, and its vertical accuracy is 

better that 1 m. It is available for the whole area of Hungary. Within the area of the country, the 

transformed Pléiades images match well to other VHR images and ortho-photos. But next to the 

border, at the edge of DTM a “stitch line” is seen, with considerable geometric difference between 

the objects of the two sides. On the other hand, overlapping parts of two transformed Pléiades im-

age scenes give exact matching within the country, but are shifted with respect to each other by 

about 20-30 meters outside the border (see Figure 3, where DTM is not available for the areas situ-

ated to North from the country border marked with yellow line). 
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In is important to note that on 8 May 2013 the Joint Research Centre of European Commission 

(JRC) announced that the Pléiades-1B (launched in December 2012) has passed the CAP image ge-

ometry threshold criteria and is introduced in the Campaign 2013. 

In order to efficiently utilize both the spectral properties and the spatial details of Pléiades im-

ages, after the geometric correction panchromatic and multispectral components were integrated by 

a resolution merge procedure. The resulting images were used in the subsequent visual tasks (detec-

tion of ragweed and computer-aided photo-interpretation within CwRS). In our experiment, an in-

house implementation of the well-known High-pass Filter (HPF) method, the Principal Component 

Analysis (PCA) and the Modified Intensity-Hue-Saturation (MIHS) methods were used. 

 

Table 2. The details of ortho-correction 

ID Date Component Number of GCP's Average RMSE (m) 

(both in #1) 18/10/2012 Multispectral 6 0.5398 

(both in #1) 18/10/2012 Panchromatic 9 1.4436 

1333 06/08/2012 Multispectral 13 0.5498 

1333 06/08/2012 Panchromatic 13 0.3406 

8364 18/08/2012 Multispectral 3 0.5182 

8364 18/08/2012 Panchromatic 3 0.2449 

8481 18/08/2012 Multispectral 26 0.5935 

8481 18/08/2012 Panchromatic 26 0.3746 

4565 25/08/2012 Multispectral 19 0.4841 

4565 25/08/2012 Panchromatic 19 0.4303 

 

 
Figure 3. Overview map of image frames within the whole coverage of sample area #2 

1.2. Radiometric correction 

Radiometric parameters are easily understood in the XML metadata. The explanation of radi-

ance calculation is particularly useful, as there are differences in the usage of GAIN and BIAS val-

ues among different satellite image products. For the quantitative evaluation we have calculated at-
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sensor radiances and Top-of-Atmosphere (ToA) reflectances for all multispectral bands and pan-

chromatic band, as these are the quantities that can be derived using the metadata provided (gain, 

bias, Sun elevation, exoatmospheric solar irradiance).  

Overlapping areas between neighbouring image frames of area #2 have been used for radiomet-

ric comparison as well. We have calculated the ratio of Top-of-Atmosphere reflectance values be-

longing to different images. Although exact matching could not been expected because of the sim-

plified calculation applied, but results can be explained by the status of land cover at different dates. 

Table 3 summarizes the results of comparisons. In all the cases band values of images taken at later 

date were divided by the ones of earlier dates. 

 

Table 3. The results of numerical comparison between overlapping image frames 

Frame 8364 on 18/08/2012 / Frame 1333 on 06/08/2012 

 Band 1 (R) Band 2 (G) Band 3 (B) Band 4 (NIR) Panchromatic 

Average of ratio  0.956  0.941  0.958  0.914  0.933 

Std. dev. of ratio  0.103  0.062  0.047  0.156  0.113 

Frame 8481 on 18/08/2012 / Frame 1333 on 06/08/2012 

 Band 1 (R) Band 2 (G) Band 3 (B) Band 4 (NIR) Panchromatic 

Average of ratio  0.974  0.954  0.962  0.910  0.932 

Std. dev. of ratio  0.139  0.077  0.059  0.132  0.115 

Frame 8481 on 18/08/2012 / Frame 8364 on 18/08/2012 

 Band 1 (R) Band 2 (G) Band 3 (B) Band 4 (NIR) Panchromatic 

Average of ratio  1.034  1.028  1.011  1.006  1.009 

Std. dev. of ratio  0.043  0.030  0.027  0.046  0.057 

Frame 4565 on 25/08/2012 / Frame 8481 on 18/08/2012 

 Band 1 (R) Band 2 (G) Band 3 (B) Band 4 (NIR) Panchromatic 

Average of ratio  1.126  1.083  1.078  0.954  1.032 

Std. dev. of ratio  0.127  0.068  0.053  0.102  0.165 

 

When calculating these ratios, the area of interest was restricted to the country: the above men-

tioned shift caused by the missing DTM outside the border is the most conspicuous on ratio images. 

Firstly, they can be visually noticed when displaying the ratio images with any band combinations. 

Secondly, calculating ratio without AOI designation (i.e., including pixels outside the border) yield 

much greater standard deviations due to the huge local differences. 

The differences between pixel values of images are caused either by the inaccuracy of calcula-

tion or by the actual changes of land surface. These changes are illustrated in Figure 4, where the 

left-hand side image of each triplet shows an appropriately chosen composite of the difference im-

age (for example, red colour is related to the increase of NDVI, cyan to its decrease), while the 

other two images are satellite image composites of the two respective dates. The ToA reflectances 

of two images taken at the same date (frames 8364 and 8481 on 18/08/2012) are indeed almost 

identical in the intersecting area: ratio values are very close to 1, with minimal standard deviation. 

Greater differences between other pairs of images are explained by the changes of vegetation during 

the elapsed time, which is well described by the alteration of NDVI values. 
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Difference of 18/08 and 06/08 Composite of 06/08 Composite of 18/08 

Figure 4.a.) Arable parcel with crop grown between 06/08 and 18/08 

   

Difference of 18/08 and 06/08 Composite of 06/08 Composite of 18/08 

Figure 4.b.) Grassland parcel mowed between 06/08 and 18/08 

   

Difference of 25/08 and 18/08 Composite of 18/08 Composite of 25/08 

Figure 4.c.) Grassland parcel mowed between 18/08 and 25/08 

Figure 4. Examples of the comparison between different dates 

 

Between 06/08/2012 and 18/08/2012 there were several parcels both with significant increase 

and decrease of NDVI, which corresponds to the normal development of different kinds of crops: 

the ripening of row crops, the harvesting, grazing and mowing of grassland, the appearance of 

weeds on cereal stubble. Figure 4.a shows a parcel where the crop has grown between these two 

dates, while Figure 4.b shows a grassland parcel that has been mowed. 

Between 18/08/2012 and 25/08/2012, the decrease of NDVI was dominant, which is also seen in 

the higher ratio of red values and lower ratio of NIR ones. Many parcels was harvested during this 

week. It must be mentioned that Hungary was hit by a serious drought from August to late autumn 
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in 2012, and its effect on vegetation is generally seen in satellite images. Figure 4.c contains a 

mowed grassland parcel. 

3. The detection of unwanted weeds 

Crop monitoring traditionally uses high and medium resolution images, where frequent revisit 

and spectral properties are more important than spatial resolution. While the delimitation and analy-

sis of cultivated crops is relatively simple because of their regular spatial, spectral and temporal be-

haviour, it is very difficult to detect weeds and other unwanted vegetation, because they behave ir-

regularly both in space and time. Weeds usually appear in random spots within the parcels of culti-

vated crops and on stubble. Conventional quantitative weed detection methodology is built on the 

detection of inhomogeneity, spottiness and the radiation difference between cultivated crops and 

weeds. This way we can decide whether a parcel is contaminated by weed, and this is usually fol-

lowed by a classical field inspection to delimit its extent. Transferring this methodology to VHR 

images, we can introduce sub-parcel examinations: instead of judging a whole parcel, we can ex-

actly delimit weed spots within parcels and we can assess the distribution of contamination. This 

possibility can reform the processing chain, taking off the burden from field inspections (see [2]). 

In our experiments, unwanted weeds were examined both by visual and quantitative methods. 

Figure 5 shows an area of the image taken on 06/08/2012 having several sunflower parcels. The 

majority of them is infected by ragweed, which is clearly seen in the images. Furthermore, it has 

been confirmed by classical field inspections in the operational ragweed monitoring campaign. The 

photograph of Parcel 2 taken in the field can be seen in Figure 6. 

 

 
Figure 5. Ragweed infected and ragweed-free sunflower parcels in Pleiades colour composite image (06/08/2012).  

1: Ragweed infection 50%, in scattered spots and at parcel edges; 2: Defectively developed sunflower, infected by rag-

weed on 90% of parcel area, yellow arrow shows the direction of photo; 3: Mostly wretched sunflower, infected by 

ragweed on 90% of parcel area; 4: Ragweed infection is 90%; 5, 6: Ragweed-free sunflower 
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Figure 6. Photo taken during ground survey of Parcel 2 in Figure 5 

 

As a quantitative evaluation procedure, the spectral behaviour of clear and infected parcels has 

been examined. The statistical distribution of the band values and NDVI (in percentage) was calcu-

lated for some selected parcels appearing in image taken on 06/08/2012, as seen in Table 4 and Fig-

ure 7. A significant difference in values belonging to weed-free and weed infected parcels could be 

observed, most obviously in the near-infrared band. 

 

Table 4. Statistics of ragweed infected and ragweed-free sunflower parcels based on Pléiades satellite image 

Categories 
Blue Green Red NIR 

NDVI 
Mean Std. dev. Mean Std. dev. Mean Std. dev. Mean Std. dev. 

Infected sunflower 0.096 0.0019 0.096 0.0040 0.064 0.0046 0.3508 0.0241 69.324 

Weed-free sunflower 0.100 0.0025 0.105 0.0054 0.075 0.0040 0.277 0.0147 57.474 

 

 
Figure 7. Average spectral behaviour of ragweed infected and ragweed-free sunflower parcels 

in Pleiades satellite image (06/08/2012) 
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Visual and numerical methods can be efficiently combined. The result of quantitative categori-

sation supports the visual detection and delineation of ragweed. Figure 8 illustrates this approach: a 

statistical classification procedure has been applied for some selected parcel of the image seen in 

the left hand side, while the thematic image on the right hand side shows the result of classification. 

 

 
Figure 8. Weed infection in soybean parcels, assessed by quantitative evaluation of NDVI map 

4. Usage in the management of Common Agricultural Policy 

The testing of usage of Pléiades images in Control with Remote Sensing (see [3]) was primarily 

accomplished using the input and output data of year 2012 CwRS campaign over GYOC-HU site. 

This included the satellite images and the polygons of measured parcels with the observed crop as 

an attribute. Two Ikonos (acquired on 21/06/2012 and 02/07/2012) and two GeoEye images (ac-

quired on 03/07/2012 and 06/07/2012) covered the site. 

In the visual evaluation, two band combinations were used: RGB412 (NIR-Red-Green), which 

is widely used for images without SWIR band and RGB423 (NIR-Green-Blue), which is a common 

band combination of VHR images in visual interpretation, because it gives more shades to differen-

tiate between crop species. The viewing properties – first of all, the contrast – of Pléiades images 

were set similarly to those of other VHR images covering the same area to make the visual com-

parison more convenient. Some variation was the result of the difference in both acquisition time 

(1-2 months) and spectral properties (the spectral response curve of sensors). 

In our study, we have analyzed the Pléiades images taking into account the results of control. 

First of all, the geometry of observed parcels was compared to the parcels seen in images. The bor-

der of most parcels coincided in the vector and raster data within the technical tolerance applicable 

for Pléiades images. This result also confirmed the accuracy of geometric correction over the full 

extent of image frames. Differences that were larger than Pléiades tolerance were mostly caused by 

the larger pixel size of Ikonos image originally used to draw polygon. 

The main aim of the analysis was the recognition of crops and assessing their properties using 

VHR images. The usual methodology of CwRS in FÖMI is to use one VHR image for the exact 

area measurement and to determine crop mainly on the base of HR image time series. Of course, 

VHR images are of great help also in the determination of crops – not only because they supple-

ment the HR time series with one additional date, but because they also contain very detailed spatial 

information within a parcel. Sometimes the crop can be obviously decided using just one VHR, but 

this is not the normal situation. However, it can be expected that using two VHR’s acquired at ap-

propriate dates is enough for correct crop determination without HR images in the majority of cases. 

In our evaluations we examined whether Pléiades images confirm the result of the operational 
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CwRS campaign, and whether these images convey additional information with respect to the ones 

operationally used during the campaign. In the following, some examples are shown to illustrate our 

findings. 

 The first example (Figure 9.a) illustrates the adequacy of different kinds of images in the 

counting of nut trees. Although the shades are somewhat different, individual trees can 

be clearly identified in both images. Moreover, the inhomogeneity in orchard structure is 

also clearly observable. 

 The second example (Figure 9.b) shows the development of several sunflower parcels. 

In this case the Pléiades image taken in August confirms the presence of sunflower, as 

the drying of the crop, which is normal in this period, is clearly seen. Both images pro-

vide adequate texture information to unambiguously identify sunflower. 

 In the third example (Figure 9.c) the same status of cereal parcels is seen both in July 

and in August. The additional information contained in the extra image taken at later 

date is that the parcels were kept in Good Agricultural and Environmental Conditions 

(GAEC), in particular, they are weed-free. 

 In contrast with the third case, the last case (Figure 9.d) shows a parcel not comforming 

to the GAEC standard regarding weed control. While the image taken in July shows the 

image of clear stubble, unwanted weeds appear in the image taken later. 

 

 
Figure 9.a.) Nut tree density determination 

 
Figure 9.b.) Identification of a sunflower parcel 
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Figure 9.c.) Cereal stubble in GAEC 

 
Figure 9.d.) Cereal stubble NOT in GAEC: the appearance of weeds 

Figure 9. Some examples from Control with Remote Sensing 

 

 
Figure 10. The result of forest delineation by object-based image analysis 

 

Beyond the visual interpretation, we have also tried the statistical classification of multispectral 

ToA reflectance images. The parcels of training and test reference data were taken from the results 

of CwRS. However, the results were not satisfactory because of two reasons. Firstly, one date is 

usually considered as insufficient: usually only a broad category can be decided instead of the ac-

tual species. Secondly, pixel-based classification is not really suited to VHR images, as image ob-

jects are much larger than their pixel size. This is spectacular in the results, as the resulting thematic 

map of many parcels looked like mixture of two or more categories. 

In the near future we plan to carry out the object-based multitemporal evaluation of VHR im-

ages, which is expected to solve these problems (see [4] and [5]). As a preliminary result, we have 

run an object-oriented detection of forests using an image of sample area #1. Although strictly 
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speaking, forest delineation is not part of CwRS, but it is interesting in certain subsidy schemes 

connected to the CAP. Figure 10 illustrates the result of object-based forest delineation. 

5. Conclusions 

We can state that the qualitative and quantitative tests executed with Pléiades-1A images con-

firmed that very high resolution images carry superior quality information, often substituting tradi-

tional field measurements. We have not encountered serious problems regarding geometric and ra-

diometric pre-processing. Both visual and quantitative evaluation gave favorable results.  

However, having seen several types of VHR images appearing in the market, it is now clear that 

their individual properties have to be taken into account, and control methods must be refined to 

make distinction between different VHR sensors. It is very important to take into account their indi-

vidual properties so that they can be properly processed in quantitative evaluation, and particularly, 

when several images are used together. 

The results of tests will be used in the year 2013 campaigns of weed monitoring and subsidy 

control. There are two sites in year 2013 subsidy control campaign where the prime VHR sensor is 

Pléiades. As the role of temporal analysis has turned out to be more and more important, FÖMI has 

requested two VHR windows for one of the CwRS sites. Although normally only one VHR image 

is provided for each site, in 2013 Joint Research Centre introduced the possibility to order VHR in 

two acquisition windows. As an experiment, Hungary has chosen to take this opportunity for a con-

trol zone with small parcels and diverse crop species. We are looking forward to utilize the informa-

tion content carried by VHR taken at two dates. 

Our experiments spectacularly confirmed the importance of utilizing spatial properties in the 

classification of VHR images. Due to the fine resolution, spectral variability between neighbouring 

pixels makes it hard to get appropriate results from pixel-based classification. On the other side, 

VHR images contain very strong texture information, which can be efficiently used in segmentation 

and object-based classification. 
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