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3.3.4 LTSK10 
Mosaicking Algorithm 

A.  Algorithm Outline 

(1)  Algorithm Code:  LTSK 10 

(2)  Product Code:    L2A_LC 

(3)  PI names:   G18  Dr. Alfredo Huete 

(4)  Overview of algorithm(Standard level) 

Algorithm objectives 

The algorithm has the following objective: 

To mosaic and composite the normalized, at-sensor radiances (apparent reflectance) on 16 day 
for the 1km; 

• 1,5,8,13,15,17,19,24,26,27, 28,29 (VIS, NIR, and SWIR bands) 

• 30, 31, 34, 35, 36 (MTIR bands) 

B.  Theoretical Description 

(1)  Methodology and Logic Flow 

 A general flowchart describing the mosaicking algorithm is presented in figure 1.  At-
sensor radiances are radiometrically calibrated at the GAIT processing facility to produce Level-
1B data.  Cloud detection and screening algorithm (ATSK1 and CTSK1) produces cloud flags on 
a pixel basis (CLFD_p).  Precise geographic registration follows, with the LTSKG algorithm, to 
produce the Level-1B+CLFD_p gridded 1km resolution.  The mosaicking algorithm connects to 
the data stream at this level (Fig. 1). 

The mosaicking (also called compositing) algorithm ingests the gridded Level-1B+cloud 
mask data and produces the 16-day and monthly surface reflectance composites.  The 
mosaicking algorithm selects the best value over a composite period, based on cloudiness and 
atmospheric contamination.  The constraint view angle maximum value composite (CV-MVC) 
technique (figure 2) is used to generate these composites. The algorithm works mostly with 
integer data types, hence requiring less CPU time. 
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Figure 1: Flow diagram for Mosaicking (LTSK 10) 
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Figure 2:  Mosaicking algorithm data flow; Constraint view angle Maximum Value composite 

(2)  Physical and Mathematical Aspects of the Algorithms 

Compositing Algorithm 

Although simple in theory, compositing surface reflectance data is a crucial step in 
producing long-term, stable time series data, to be used in the detection of land surface changes 
and vegetation dynamics (Tucker et al., 1985, Holben, 1986).  In practice, compositing remote 
sensing data is complicated owing to the intrinsic behavior of the sensor, surface bi-directional 
reflectance factors with sun and sensor view angle interactions, and contamination of the spectral 
response by the presence of residual and persistent clouds, as well as atmospheric aerosols, 
which are highly variable in space and time (figure 3). 
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a) 

b) 

Figure 3a,b:  The daily data is very noisy; owing to many factors including clouds, 
vegetation change over time, viewing geometry.  Compositing tries to capture the best possible 
conditions (minimum cloud, minimum aerosol, best viewing geometry) and generates one value 
representative of  the composite cycle. 

Over the composite period, one 'cloud-free' image will be reconstructed out of the 
temporal period.  With GLI four -day global coverage, the sensor will measure every pixel on the 
earth at least once every four days.  With this frequency of observation and the ubiquitous 
presence of clouds, a practical 16-day compositing period was chosen to match the ADEOS-2 
orbital period.  Compositing quasi-daily data also entails its reduction to more manageable 
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volumes.  Moreover, processing and disk volume limitations mandated the compositing 
algorithm take place before atmosphere corrections.  This scheme fits the research findings and 
recommendations about the advantages of applying the constraint view maximum value 
composite (MVC/CV-MVC) on non-atmospherically corrected data (Cihlar et al., 1994a). 

2.1  Constraint View  Maximum  value composite (CV-MVC) 

 The currently adopted procedure for generation of composited AVHRR-NDVI products 
is the maximum value composite (MVC) technique (Holben, 1986).  The MVC selects the 
maximum NDVI value on a per pixel basis over a set compositing period and is designed to 
minimize atmospheric effects, including residual clouds.  The compositing procedure generally 
includes cloud screening and data quality checks (Goward et al., 1994; Eidenshink and Faundeen, 
1994). 

 The MVC works nicely over near-Lambertian surfaces where the primary source of pixel 
variations within a composite cycle is associated with atmosphere contamination and path length.  
However, the MVC has problems associated with sun-sensor geometries and surface anisotropies 
and the maximum NDVI value becomes dependent on both the BRDF properties of the vegetated 
canopies and varying atmospheric conditions.  It tends to overestimate NDVI values by selection 
of off-nadir pixels in the forward scatter direction resulting in an overestimation of vegetation 
biophysical parameters.  The MVC bias toward selection of off-nadir pixels also results in less 
accurate atmospheric corrections (longer atmosphere path length). The bi-directional spectral 
behavior of numerous, “global” land cover types and terrestrial surface conditions have been 
widely documented and shown to be highly anisotropic due to canopy structure, shadowing, and 
background contributions (Kimes et al., 1985; van Leeuwen et al., 1994; Vierling et al., 1997).  
Vegetation indices do no t remove surface anisotropy due to BRDF- spectral dependencies with 
the NIR reflectance response generally more anisotropic than the red reflectance response 
(Walter-Shea et al., 1997; Gutman, 1991; Roujean et al., 1992).  

 The MVC approach becomes even less appropriate with atmospherically-corrected data, 
since the anisotropic behavior of surface reflectances and vegetation indices is stronger (Cihlar et 
al., 1994b).  For these reasons, the MVC method has been found to work best for data 
uncorrected for atmosphere (Cihlar et al., 1994a), although inconsistencies remain since the 
MVC favors cloud free pixels, but does not necessarily pick the pixel closest to nadir or with the 
least atmospheric contamination (Gutman, 1991; Goward et al., 1991, 1994; Cihlar et al., 1994b, 
1997).  Many studies and experiments have shown the maximum NDVI approach to select pixels 
with large view and sun angles which are not always cloud-free or atmospherically clear 
(Goward et al., 1991; Moody and Strahler, 1994; Cihlar et al., 1994b, 1997). 

 In order to simultaneously remove angular and atmospheric effects from composited 
reflectances, both atmosphere and BRDF models are needed.  Aerosol retrievals and correction 
have yet to be implemented on an operational basis.  MODIS and MISR will have aerosol 
corrections but either over much coarser grid sizes or over only limited areas.  GLI does not 
currently plan aerosol correction over land, although there may be some limited areas corrected 
as the aerosol product over land becomes available.  Furthermore, there is no planned BRDF 
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product for the GLI sensor, and this is further complicated by the 4-day repeat coverage, which 
greatly limits the number of angular measurements from which one could implement a BRDF 
model.  

Our goal with the compositing scheme is to implement an approach that is known to be 
operational (MVC) with added improvements, which can be shown to be practical with current 
prototype data sets.  One improvement, which is within these goals, is the 'constrained view 
angle' – MVC, in which the maximum NDVI within a limited range of viewing angles is selected.  
This is similar to a threshold technique to prevent the selection of extreme off-nadir pixels.  
Current and ongoing work with MODIS data indicates that in order to reduce the BRDF effects 
and offset the off-nadir MVC behavior, a simple constraint of the view angle will greatly 
enhance the results.  The constraint view angle (CV-MCV ) technique works very much the same 
way as the classical MVC; After computing the NDVI for each pixel and for each observation 
the algorithm only retains ‘N’ pixel with highest NDVI values (N is usually 2 to 4 observations) 
and chooses the value with the lowest view angle.  This will guarantee the elimination of clouds 
(MVC) and reduces the bias to off-nadir viewing (figure 4). 

 

Figure 4:  Performance of the CV-MVC and the MVC algorithms.  The off-nadir bias is reduced 
with CV-MVC, (source TBRS non-published research). 

We envisage the possibility of post-launch development of additional atmospheric and angular 
correction improvements, which are considered experimental at this time.  Lastly, we strive to 
keep the final product as close to the actual measurements as possible so that we may keep track 
of error and precision and be able to 'validate' the final product. 
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 In summary, the main GLI Vegetation Index compositing goals are to: 

• provide accurate and cloud- free vegetation index (VI) imagery at a preset temporal 

intervals (16 days), 

• maximize global and temporal land coverage at the finest spatial and temporal  

resolutions possible,  

• standardize variable sensor view and sun angles, 

• ensure the quality and consistency of the composited data, 

• depict and reconstruct phonological variations, 

• accurately discriminate inter-annual variations in vegetation. 

 Critical to the quality of the composited vegetation index product will be the co-registration 

of the different bands used in computing the vegetation indices (red, NIR, and blue), spectral 

stability of the channels, pixel registration (Townshend et al., 1992) and calibration over time 

(Price, 1987).  Actual day-to-day registration accuracy over a set composite period (16 days) will 

be determined post- launch.  

2.2  Compositing period 

 Variable composite periods have been used to obtain cloud free NDVI data on a global scale. 

The minimum compositing period is limited by cloud cover frequency and may vary from every 

5 days at higher latitudes to as long as 30 days or more in some humid tropical areas.  NDVI 

composite periods have varied among 7, 9, 10, 11 and 14 days and monthly intervals with 

variable spatial resolutions (Townshend, 1994).  The composite period depends on the final data 

application and the availability of cloud free data on a global scale.  Shorter compositing period 

will pick up more dynamic land cover changes and allows one to combine compositing periods 

to monthly or bi-weekly periods.  However, the shorter the compositing period, the greater the 

likelihood of cloud-affected or missing pixels in the composited image.  The 16-day period 

seems appropriate since it gives the possibility to avoid clouds and to cover all latitudes within 

small viewing angles, providing the best spatial resolution, and the most accurate atmospheric 

correction.  The monthly compositing cycle is based on demand and heritage of the user 

community.  Current work with MODIS (TBRS internal research) indicates that capturing 

vegetation change and reducing atmospheric effects on a global basis could be achieved with the 

16 days composite period (figure 5). 
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Figure 5:  Composited EVI in relation to the daily EVI, the noise is due to atmosphere conditions, 

clouds, and viewing geometry and vegetation growth.  The 16 days EVI composite captures the 

vegetation change and reduces this noise.  

2.3  GLI data stream 

The GLI data stream (calibration of top of the atmosphere (TOA) radiance; cloud mask; 
land and water mask; mosaicking/compositing; atmospheric correction and surface reflectance; 
vegetation indices) is set up to flow into the product algorithms in a predetermined order (figure 
1).  For a tractable and best solution to the compositing algorithm it was logical to use the non- 
atmospherically corrected reflectance data in combination with the cloud mask as input and use 
as many "good" observations as possible during a composite period.  As depicted in figure 1 and 
2, the compositing algorithm processes multi-day gridded data on a pixel basis, for each pixel the 
MVC/CV-MVC approach is applied and one day (one pixel) is chosen to represent the composite 
period.  The final product of this algorithm will be used to generate the corrected surface 
reflectance and to compute the vegetation indices. 

C.  Practical Considerations 

In this section we shall explore some of the proposed algorithms aspects with respect to 
implementatio n, programming and data interfacing. 

(1) Programming, Procedural, Running Considerations 

1.1  Compositing Algorithm Implementation  

Due to computational limitations we adopted an algorithm scheme as diagrammed in figure 1.  

We note that atmospheric correction will be posterior to the compositing algorithm, based on the 
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disk and CPU load savings.  Reflectance data processed at the GAIT facility and cloud cover 

from the atmospheric (ATSK algorithms) and/or the cryosphere (CTSK algorithms) group will 

serve as the input for this algorithm.  Gridded and tiled Global Coverage Data (GLI land tiles: 

1600x1600 km ) is processed after precise geographic positioning to generate the composited 

surface reflectance data.  
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1.2  Numerical and computation considerations 

GAIT requires that all GLI production algorithms be modular and written in C, or 
FORTRAN (ANSI).  All data types (input and output) are in short integer format.  For accuracy 
reasons the reflectance data will be scaled to 10,000 and vegetation index computation will be 

carried in floating point format.  As with any other project of this magnitude, a sound system of 
input/output specification is devised to optimize algorithm performance and reduce processing 
requirements.  A data structure is used to record the different characteristics of a pixel as it is 
processed at the different stages (location, date, viewing angles, geometric angles, cloud cover, 

etc.).  This data structure generated at LTSKG algorithm level is built upon to accommodate 
attributes required by or generated by subsequent algorithms.  Overall, this structure is updated 
by the processing algorithm discarding redundant data based on downstream algorithm 
requirement.  The final product is stored in the HDF files (Hierarchical Data Format), which is 

widely adopted by the remote sensing community.  Developed to be self-describing and portable 
format, the HDF will allow data sharing between the different algorithms without the need to 
describe it.  Description data (called meta-data) will be stored with every layer of information to 
provide accurate and efficient exchange. 

As part of the algorithm implementation, each pixel will have a set QA/QC flags that 

reflect the data quality and capture processing and ingestion problems.  Various other attributes 

can be added to the above format if required by the higher order GLI algorithms and products. 

(2)  Calibration and Validation 

(3)  Quality Control and Diagnostic Information 

Once proper attributes are present, the LTSK 1 algorithm will execute and replace the 

normalized apparent reflectances (generated by LTSK 9) with the atmospherically corrected 

reflectances.  Both LTSK 1 and LTSK 9 outputs are temporary, but the use of quality assurance 

and quality control flags assures the proper interfacing between the science parts of the 

algorithms.  The algorithm generates diagnostics messages that capture production errors and the 

required actions to correct them. 

(4)  Exception Handling 

 Exception handling is the technique of accounting for unforeseen situations.  Missing 

data, missing ancillary data, floating point error during computation, data out of range, should be 
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all properly ingested and documented during the run.  In a generic approach, any time the 

algorithm does not perform as designed, the code will generate an exception handler to be 

processed separately by the algorithm.  During the run the algorithm uses a success flag to track 

the execution of the different parts.  Anytime an exception handler is generated the pixel value 

will not be updated and a pre-determined fill-value (-3000, -2000, etc…) will be appended 

instead.  All pixels will contain data at the end of the process, and the user will be able to identify 

the bad pixel by the presence of fill values along with QA/QC flags. 

(5)  Constraints, Limitations, Assumptions 

As proposed in phase one, we implemented an CV-MVC compositing algorithm that operates on 

uncorrected surface reflectance.  This compositing algorithm has some constraint and 

assumptions:  

• Does not account for surface reflectance angular dependencies (BRDF)  

• Assumes the cloud-screening algorithm performs well.  Cloud flags are used to filter data 

prior to compositing, hence their accuracies are crucial. 

• Day to day accurate geolocation and registration is crucial to the compositing, us ually 

quarter to half a pixel error is acceptable  

• Band to band registration is another issue to be analyzed post launch 

 

Because of the number (17 bands) and spectral nature of bands (VIS, NIR, SWIR, and Thermal) 

used during the compositing, the resulting product is only optimized for vegetation index 

generation.  Composited thermal band in this case is not an accurate product, rather it only 

represents a by-product of compositing land bands (red, NIR, and blue).  Other bands might 

suffer from the same problem too, due to their spectral location.  Hence, it is crucial to realize 

that this product is based on optimizing the land bands, and only bands used in computing the 

vegetation index.  All other bands are only kept in the data set and are by no means properly 

composited.  Other techniques for compositing thermal bands exist but no used here due to the 

nature and goals of the algorithm.  The same problem is also noted when performing atmosphere 

correction, LTSK 1 (atmosphere correction algorithm) is designed to work better with the land 

channels, and it only performs Rayleigh and Ozone correction, which are not appropriate for 

thermal bands.  The presence of 18 bands in the composite product (L2A_LC) is the 
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result of a GAIT requirement that aimed at making them available for downstream products. 

(6)  Suggestions and Recommendations 

Our involvement with the MODIS project helped us learn more about the performance of 

the CV-MVC compositing algorithm.  For instance, analysis of the MODIS compositing 

algorithm indicates that the CV-MVC is superior to the classical and simple MVC.  Moreover, 

the GLI adoption of compositing normalized surface reflectance, rather than corrected 

reflectance, will serve two goals: 

• Reduced CPU and disk space requirements, by means of only correcting the data 

once every composite period (once every 16 days) as opposed to every day (case 

of MODIS). 

• MVC and subsequently CV-MVC is shown to perform better when performed on 

non-atmospherically corrected data. 

Our main suggestions are to separate between the land and thermal bands compositing.  

Compositing thermal bands with CV-MVC is not the proper scheme, and will only result in their 

misappropriate interpretation.  Actually this separation can farther reduce the CPU and disk 

usage. 

 As expla ined in previous GLI report, a wealth of SeaWiFS data was acquired by our 

group for the purpose of testing and prototyping the GLI algorithms.  We aimed at thoroughly 

establishing the soundness of our atmosphere correction and vegetation index compositing 

strategies.  As stated above, both MVC and CV-MVC along with a generic cloud mask were 

carried with success, we were able to generate global VI prototypes under different scenario. 

Moreover, the availability of MODIS data (since April 2000) made it possible to further test and 

prototype our algorithm.  The current CV-MVC performed well either with a cloud mask or not.  

We caution however, that the presence of a cloud mask is critical to the application of an 

MVC/CV-MVC scheme.  The algorithm is flexible enough with respect to data structure, 

number of bands (which could be reduced) and the size of the spatial units (tiles), it performed 

very well when tested with AVHRR, SeaWiFS and currently with MODIS data. 
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