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HyperDB clearly plays a mediator role in the data
flow structure, separating the spectral library files from
the peripheral applications as well as the external source
spectral data. This structural characteristic abides by the
independence design principle of HyperDB.

3.3 Spectral library files

Spectral library files are the objects that are managed
and categorized by HyperDB. These files are
exclusively recognized by the land class tag, and
an ancillary band information label, so that data
from different land class categories can be rigidly
separated, following the independence design principle
of HyperDB.

Two pairwise spectral library files are distributed
to each land-class with specific band information.
Figure 4 depicts the process of HyperDB responding
to an operation request sent by the user or peripheral
application.

Spectral metadata file. This file stores the mutual
information of the land-class. It has the filename
extension of .hdr, and contains the key words listed in
Table 1. Spectral metadata files are stored in text format,
and organized in the same way as the standardized
format of ENVI, a commonly used geospatial analysis
and spectral image processing software. Although some

Fig. 4 Data and safety inspection flow diagram inside
HyperDB involving two kinds of spectral library files.

Table 1 Main key-words used in spectral metadata files.

Key-word Explanation Storage format
Class Land class tag String
Samples Number of bands Integer
Lines Number of spectra Integer
Spectra names Name of spectra String array
Wavelength units Band wavelength unit String
Wavelength Band wavelengths Float array
Description Additional file description String

of the key-words do not already exist in the standardized
format, it does not affect the compatiblity design
principle of HyperDB, since customized key-words will
automatically be ignored when the file is read by ENVI.
Actually, the key-words listed in Table 1 are mostly
customized by HyperDB, and there are more areas
of standardized key-words recognizable by ENVI and
other popular softwares in spectral metadata files.

Spectral data file. This file stores every spectrum in
the land class. It is assigned with the filename extension
of .sli, and compressed into a binary file, designed to
save memory space. Each spectrum in the land class,
namely the reflectance value at each band arranged
consecutively, is further placed next to each other.

3.4 File safety inspection

The file safety inspection procedure is highlighted with
the dashed rectangle in Fig. 4. It contains two inspection
steps, executed on different spectral library files.

Validity inspection is first performed on the spectral
metadata file immediately after HyperDB reads the
spectral library files of the requested land-class. It
ensures the spectral metadata file is valid by checking
every key-word area is filled with content of the correct
format, and is also checked by some logical integrity
verification. For example, the number of bands should
be identical to the number of elements in the wavelength
array.

Homogeneity inspection is next performed on both
the spectral metadata and spectral data files. It mainly
consists of a memory space verification between the two
spectral library files, that is, ensuring the length of the
binary spectral data file is identical to the product of the
number of bands multiplied by the number of spectra in
the spectral metadata file.

The validity inspection is performed prior to the
homogeneity inspection, because the spectral metadata
file is always significantly smaller than the spectral data
file in size; hence, the calculation time cost of validity
inspection is trivial compared to that of homogeneity
inspection. HyperDB will assertively deny access to
the spectral library files whose metadata file fails
the validity inspection, with no further homogeneity
inspection required.

If the requested spectral library files pass both
inspections, they are permitted to be called into
the HyperDB workspace, or alternatively exported
to peripheral applications. However, if the operation
ultimately cast a request to update the spectral
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library files, a safety re-inspection must be performed
in a similar two-step manner, validating that the
modification of the spectral library files will not violate
the existing files.

4 Principal Functions of HyperDB

Based on its design and direct access to the spectral
library files, HyperDB has several functions related to
spectra processing and management, some of which are
introduced below.

4.1 Viewing, comparing, and resampling spectra

Upon passing the file safety inspection, the spectral
library files can be read into the HyperDB workspace.
After analyzing the metadata files, their basic
information is displayed in the upper left dialog area,
as shown in Fig. 5 after analyzing the metadata files.
When a land-class is selected, its spectra will appear in
the lower left area. The spectra can be viewed in the
upper right area, while accurate values at arbitrary band
can be read by the tracking cursor, depicted as the white
dashed crossed lines in Fig. 5.

If multiple spectra are selected to be viewed, the
user can compare them, either from an identical or
different land-class. Each unique land-class will be
assigned a corresponding color to distinguish different
land classes. The tracking cursor always automatically
locks to the nearest point in the monitoring spectra,
displaying its coordinates in the text boxes in the lower
right area.

HyperDB also supports the resampling of spectra,
for those cases in which the band region or sampling
rate of interest does not coordinate with the band
information in the spectral library files. This resampling
includes both up-sampling and down-sampling, and

Fig. 5 HyperDB reads spectra from the spectral library
files, providing a clear view and enabling comparison with
spectra from the same, or different land-class. Resampling
parameters could be input in the text entry boxes below the
figure area.

is implemented by a linear interpolation method.
Resampled spectra can then be exported into other
applications for further use.

4.2 Importing spectra and writing to the spectral
library files

As mentioned in Section 1, HyperDB allows importing
spectral data from multiple genres of sources.
Irrespective of which source will be used, all spectra
must be tagged with the land-class and ancillary
band information while being imported, to ensure
their validity and make them possible to pass the re-
inspection before being written to the spectral library
files. If the tagged land-class already exists, these
spectra will be merged into corresponding existing
spectral library files. If not, new spectral library files
will be created using the information of these spectra.

Two types of data sources have been clarified
in Section 3.2. In HyperDB, the single spectrum
data file with standardized format can be directly
imported, while the hyperspectral imagery data are
recommended to be pre-processed in the hyperspectral
image processing system. The pixels to be imported
can be selected in the false-color image, displayed as
red crosses in Fig. 6. After importing into HyperDB,
these spectra can be viewed, compared, and resampled,
as described in Section 4.1, and written to the spectral
library files upon successfully passing the file safety re-
inspection.

4.3 Exporting spectra

To expand the adaptability of HyperDB, the spectra
should be able to be exported to other peripheral

Fig. 6 Pixels of interest are selected in the false-color
image generated by the hyperspectral image processing
system, their spectral signatures are then transmitted into
HyperDB and written to spectral library files after tagging
and inspection.
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applications to satisfy their requirement.
For example, in the land cover classification

procedure in the hyperspectral image processing
system, after deciding the list of possible land cover
categories in the region of interest to be classified, the
user should select these categories from HyperDB and
export the spectra of these categories into the image
processing system, which will perform the classification
using these spectra as the training set and provide results
in Fig. 2. The HyperDB interface for this operation is
shown in Fig. 7.

Note that there exists a potential problem regarding
band matching. Data exported from HyperDB are
completely compatible with the peripheral applications
if their band information is identical to those sent
with the request. If not, the data will be resampled
before exporting. However, only the coincident range of
bands between the HyperDB spectral library files and
the request from the peripheral applications is able to
be resampled and exported, since HyperDB does not
support extrapolation due to its unacceptable loss of
accuracy.

5 Conclusion

A hyperspectral database that categorizes related
spectral library files by land-class, named HyperDB,
is designed and implemented. HyperDB attempts to
provide a reliable and expandable database under the
fundamental design principles of independence, data
safety, and compatibility. HyperDB was originally
designed to collaborate with an embedded hyperspectral
image processing system, performing mainly land cover
classification procedures. However, more peripheral
applications in different platforms can definitely utilize
HyperDB, provided they support the standardized
spectral library data file format. This adaptability by
other applications will enable the usage of HyperDB

Fig. 7 Spectra from a specific land-class are exported to
peripheral applications.

in such tasks as land object and land use classification,
vegetation or mineral categorization, etc.

Since HyperDB supports numerous data sources, it
can serve as an intermediary role between in situ ground
observation, airborne and spaceborne sensors. Data
from multiple sources can be integrated, compared,
and merged if they share the same land-class; hence,
providing better data abundance and heterogeneity,
which is the ultimate target of building a database.
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