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Abstract

FITS is a widely utilized data format in the field of space astronomy, wherein
space astronomy data files are typically stored as FITS files employing fixed-
length data structures. As China’ s first launched space science satellite, the
Dark Matter Particle Explorer (DAMPE) satellite’ s scientific data packets are
characterized by variable lengths. In the DAMPE satellite data processing work-
flow, there exists an urgent requirement to design storage structures and pro-
cessing methodologies that support variable-length data. This study proposes
a FITS format that supports variable-length arrays and implements data pro-
cessing, storage, and management based on this data structure. When applied
to the DAMPE satellite ground processing system, verification results indicate
that this approach achieves edit-level product data storage, substantially re-
duces product data volume, conserves storage space, and concurrently improves
processing efficiency.
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Abstract

FITS (Flexible Image Transport System) is a data format widely used in space
astronomy, where astronomical data files are typically stored using fixed-length
data structures. As China’ s first space science satellite, the Dark Matter Par-
ticle Explorer (DAMPE) satellite produces science data source packets with
variable lengths. The DAMPE data processing pipeline urgently requires a stor-
age structure and processing method that supports variable-length data. This
paper designs a FITS format that supports variable-length arrays and imple-
ments data processing, storage, and management using this data structure. Ap-
plied to DAMPE ground processing, validation results demonstrate that this
method successfully enables editing-level product data storage, significantly re-
duces product data volume, conserves storage space, and improves processing
efficiency.
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1 FITS Data Format

FITS has achieved widespread adoption in international astronomy due to its
self-describing nature and flexibility. A standard FITS file consists of a primary
HDU and a number of extension HDUs, each comprising a header unit and a
data unit. The primary HDU’ s header contains general descriptive information
such as satellite name and production date, supports extended definitions, and
has an empty data unit. Extension HDU headers contain metadata including
start/end times, reference coordinate systems, and column data types, also sup-
porting extended definitions, while data units store information in fixed-length
ASCII or binary tables. illustrates the standard FITS file structure.

The data unit stores two-dimensional arrays as ASCII or binary tables with
fixed row lengths and consistent column data types. FITS supports logical
(L), bit (X), byte (B), 16-bit integer (I), 32-bit integer (J), 64-bit integer (K),
single-precision float (E), and double-precision float (D) data types. Addition-
ally, FITS flexibility enables storage of variable-length arrays through special
keywords in the header that specify offset positions and total data lengths. The
actual variable-length array data is not stored in the data unit but in a heap
area following it.

2 DAMPE Data Characteristics and Storage Requirements

The Dark Matter Particle Explorer (DAMPE) is one of the first five scientific
satellites selected under the Chinese Academy of Sciences’ Strategic Priority
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Program on Space Science. Launched in December 2015, DAMPE aims to de-
tect dark matter particles through high-precision measurements of high-energy
electron and gamma-ray spectra and their spatial distributions, searching for
and studying the possible cosmic distribution of dark matter particles.

Scientific observation data from DAMPE’ s payloads and engineering data col-
lected by the satellite platform are transmitted to ground via telemetry chan-
nels. After processing through frame synchronization, virtual channel separa-
tion, source packet extraction, verification and sorting, deduplication, and splic-
ing/splitting, the data is output as editing-level products in FITS format for
archival storage and distribution to the scientific application system. The main
processing flow is shown in [Figure 1: see original paper].

In DAMPE telemetry data, engineering data representing payload and platform
status has fixed lengths and can be stored using conventional fixed-length meth-
ods. However, science data source packets consist of 30 data frame queues with
variable total lengths. The source packet structure and maximum lengths of
each data frame are shown in .

With approximately 600,000 science data source packets transmitted per or-
bit, storing each at its maximum length of 20,998 bytes would produce single
files of 11.73 GB. In reality, source packet lengths vary significantly depending
on payload detection modes and particle hit statuses, with onboard data com-
pression further reducing sizes. Particularly for the silicon array detector with
over 70,000 channels, most channels remain inactive without major hit events,
outputting no scientific data. Storing at maximum length would substantially
inflate DAMPE science data files, increasing processing difficulty, reducing effi-
ciency, and wasting storage resources.

Addressing these characteristics and storage requirements, a FITS file storage
scheme supporting variable-length data must be designed and implemented for
DAMPE.

3 FITS Variable-Length Storage Scheme Design and Imple-
mentation

Given the substantial length variations in DAMPE science data source pack-
ets, we designed a storage scheme tailored to its data characteristics and re-
quirements, implementing it in C4++ using CFITSIO. The design comprises the
following steps:

(1) Header Modification. In conventional fixed-length storage schemes, the
header keyword tform specifies data types (L, X, B, I, J, etc.). For DAMPE’ s
variable-length data, tform is assigned special types rPt(emax) or rQt(emax),
where r is a repeat count (0, 1, or omitted), P and Q are array descriptor
types representing 32-bit and 64-bit signed integers respectively, t is the data
type code, and emax is the maximum byte length. For DAMPE data, we set
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tform=1QB(emax), indicating 64-bit signed integer descriptors with byte-type
entity data, where emax is extracted from actual data.

Additional keywords include theap, specifying the heap area start position (de-
faulting to the data unit length if omitted), and pcount, representing the sum
of gap size and heap area size. In our scheme, theap uses the default value,
while pcount equals the science source packet byte count, extracted from actual
data.

(2) FITS File Creation via fits_create_tbl. The function is called as:
fits_create_tbl(fitsfile *fptr, int tbltype, LONGLONG naxis2, int tfields, char *ttypel[], cl

Where fptr is the target DAMPE editing-level product FITS file; tbltype
specifies the table type (ASCII_TBL or BINARY_TBL), with DAMPE using
binary tables; naxis2 is the total number of science source packet rows, ex-
tracted from actual data; tfields is the parameter count (only 1 parameter
column for CCSDS source packets); ttype specifies parameter names (CCSDS);
tform sets the parameter type as 1QB(emax); tunit defines units (none for
CCSDS source packets); and extname names the extension HDU (Sci_ Src).

(3) Array Descriptor Writing. Array descriptors form an Nx2 matrix where
N is the total number of variable-length array rows. Column 1 defines each row’
s data length, and column 2 defines the offset of each row’ s start position within
the heap area, both stored as positive integers in the data unit. Our scheme
creates two N-dimensional index arrays: index_len[N] stores each row’s length,
and index_offset [N] stores each row’ s start position offset, both extracted
from actual data.

(4) Variable-Length Array Data Writing to Heap. Variable-length array
entities are stored row-by-row in the heap area. With theap at its default
value, storage begins at the byte immediately following the data unit terminator.
Based on descriptor values confirming each row’ s start position and length, the
fits_write_col function writes DAMPE science source packet data row-by-row
into the FITS file heap area:

int fits_write_col(fitsfile *fptr, int datatype, int colnum, LONGLONG firstrow, LONGLONG fii

Where fptr is the target DAMPE editing-level product FITS file; datatype
is set to TBYTE for byte-wise writing; colnum starts from row 1; firstrow is
the starting row number (1-based); firstelem is the first element of the row;
nelements is the row data length from index_len[N]; and *array points to
the CCSDS source packet data location at p+index.index[N].offset, with p
as the position pointer.

Under this scheme, the extension HDU storage structure in DAMPE data FITS
files is:

[Header] [Data Unit] Stores DAMPE data array [heap] Stores DAMPE science source packages
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4 Performance Validation

To evaluate performance in file size, storage efficiency, and processing speed, we
analyzed editing-level product files from five orbits of DAMPE telemetry data
(July 25, 2017 - orbit 8923; August 30, 2017 - orbit 9478). compares file sizes
between fixed-length and variable-length FITS storage schemes.

5 Results and Discussion

Validation with real data demonstrates that the proposed FITS-based variable-
length array storage scheme reduces file data volume by approximately 88% for
DAMPE’ s product storage characteristics, dramatically saving storage space.
The reduced file size significantly improves data processing speed, product
archival speed, and application efficiency.

This FITS-based variable-length array storage scheme can be extended to other
astronomical data with varying lengths, effectively reducing storage require-
ments depending on the average ratio of actual data length to maximum data
length.
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Note: Figure translations are in progress. See original paper for figures.
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