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Abstract

In response to the characteristics of satellite payload data transmission, includ-
ing high data rates and challenges in real-time processing, this paper proposes
a real-time data processing method oriented toward high-speed payload data
streams. The method adopts the multi-threaded parallel paradigm of MapRe-
duce, combining hash algorithms with merge sort algorithms to enhance data
processing throughput and achieve real-time processing; it employs a parameter
parsing algorithm based on the XTCE (XML Telemetry & Command Exchange)
data model to ensure universality. Experimental results demonstrate that the
proposed method satisfies the requirements for both real-time performance and
correctness in payload data processing.
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Abstract

Aiming at the characteristics of high transmission rates and difficult real-time
processing for satellite payload telemetry data, this paper proposes a real-time
data processing method for high-speed payload data streams. Drawing on the
multi-threaded parallel pattern of MapReduce, the method combines hash al-
gorithms with merge sort algorithms to improve data processing throughput
and achieve real-time processing. Additionally, a parameter parsing algorithm
based on the XTCE (XML Telemetry & Command Exchange) data model is

chinarxiv.org/items/chinaxiv-201703.00277 Machine Translation


https://chinarxiv.org/items/chinaxiv-201703.00277
https://chinarxiv.org/items/chinaxiv-201703.00277

ChinaRxiv [$X]

employed to ensure generality. Experimental results demonstrate that the pro-
posed method can meet payload requirements for both real-time performance
and data validity.

Keywords: high-speed payload data stream; data processing; MapReduce;
throughput rate; XTCE
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0 Introduction

With the rapid development of China’ s aerospace industry, space science mis-
sions are generating increasingly large volumes of payload telemetry data with
more complex data types. Meanwhile, continuous optimization of communi-
cation equipment performance has led to substantial improvements in data
transmission rates. For high-speed payload data streams, even with increas-
ingly powerful computer processing capabilities, conventional frame-by-frame
parameter parsing methods still cannot meet science mission requirements for
real-time performance and data validity. Consequently, research on data pro-
cessing methods for high-speed payload data streams has gradually become a
critical challenge in aerospace data processing.

Current research on large-scale data batch processing technologies is relatively
mature both domestically and internationally, with the MapReduce framework
widely applied for batch processing computations. However, existing large-scale
data processing technologies such as Hadoop and Phoenix are more oriented
toward handling persistent data and cannot satisfy the real-time performance
and throughput requirements of big data stream computing. Moreover, these
technologies face compatibility issues with existing data processing modules.
Stream computing research in China remains in its infancy, while foreign systems
such as Twitter’ s Storm and Yahoo s S4 have been developed but are more
suitable for data mining applications with lower requirements for data processing
correctness and real-time performance.

Payload data processing emphasizes a series of operations with high correctness
requirements, including synchronization code recognition, data packetization
and reassembly, parameter data extraction, physical quantity conversion, data
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calibration, correction, and inversion. These requirements differ significantly
from existing stream computing system applications. Furthermore, multi-model
and multi-mission operations represent the future direction of aerospace develop-
ment, necessitating data processing methods with good generality to accommo-
date heterogeneous missions and effectively reduce development costs. In light
of these considerations, this paper designs a generic data processing method
suitable for high-speed payload data streams.

1 Payload Real-Time Data Processing System

Payload telemetry data, referred to as transmission frames, follows the Advanced
Orbiting Systems (AOS) standard of the Consultative Committee for Space
Data Systems (CCSDS). An example structure is shown in . The data processing
procedure is complex and primarily consists of two parts: preprocessing and
parameter parsing, typically supplemented by a parameter storage system for
data preservation and a data monitoring system for supervising the status of
each component. The system structure is illustrated in [Figure 1: see original
paper].

The preprocessing module performs packetization and assembly processing on
the data domain of transmission frames to form the data frame structure shown
in . This processing is relatively fast and generally does not create rate bot-
tlenecks. The parameter parsing module processes each parameter in the data
frame. The application data segment length in data frames is variable; in engi-
neering applications, there are dozens of application data formats, each contain-
ing tens to hundreds of parameters. More parameters and more complex value
conversions result in more time-consuming parsing processes.

With the development of space science missions, payload data volume has
increased significantly, substantially raising requirements for data processing
throughput. Due to the complexity and time-consuming nature of parameter
parsing modules, conventional frame-by-frame processing methods cause severe
data accumulation when handling high-speed payload data streams, degrading
real-time performance and correctness and even causing system failures. To ad-
dress this problem, this paper designs a data processing method for high-speed
payload data streams that draws on the divide-and-conquer philosophy of the
MapReduce model. By designing a multi-threaded parallel pattern combining
hash algorithms with merge sort algorithms, the method achieves real-time
data processing for high-speed payload data streams, meeting space science
mission requirements for throughput, real-time performance, and correctness.

2 Key Technologies

The design of the processing method for high-speed payload data streams fo-
cuses on improving parameter parsing module performance through two aspects:
first, adopting an efficient processing pattern that changes from frame-by-frame
to parallel processing without affecting data correctness; second, employing a
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generic parsing algorithm capable of supporting multi-mission scenarios with
good versatility.

2.1 Parallel Processing Pattern

MapReduce batch processing methods provide sufficient parallel computing se-
mantics for divisible large-scale data processing tasks. For high-speed payload
data streams, this paper adopts a multi-threaded parallel processing pattern in-
spired by the divide-and-conquer philosophy. The data processing architecture
is shown in [Figure 2: see original paper| and can be described in three steps:

(1) Hash Shunting

By recognizing synchronization codes, the data stream is segmented into data
frames. Using independent data frames as objects, hash methods perform equiv-
alence mapping and allocate frames to corresponding hash buckets. Common
hash function construction methods include:

¢ Direct remainder method: Hash(z) = mod p, where p is the number of
hash buckets (or hash linked list length).

o Multiplication remainder method: Hash(x) = |[mx (zx6 mod 1), where
0<9<1.

e Square middle method: Take the middle digits after squaring.

To achieve true multi-threaded parallelism, the number of hash buckets for pro-
cessing high-speed payload data streams should be less than twice the number
of computer processor cores. Space data processing computers are typically
high-performance systems with 32 or more cores, so the number of hash buck-
ets can generally be selected from several dozen to several tens. The direct
remainder method is simple to implement, ensures uniform data distribution,
and represents an optimal choice.

(2) Data Frame Processing

This step implements parameter parsing for data frames. Each hash bucket
storing data frames is allocated a dedicated processing thread and result buffer.
Processing threads retrieve data frames from their buckets in FIFO (First Input
First Output) order, parse them into corresponding parameters according to
data frame format specifications, and finally store the parameter contents in
their respective result buffers.

(3) Merging

Parameter results from each result buffer are merged in chronological order and
sent to the parameter storage software. Due to the special design of this method,
the sorting process can be implemented without comparing time fields by simply
taking one parameter frame sequentially from result buffers 1 through n, which
naturally yields chronological order. Each result buffer also adopts a FIFO
queue structure.

In [Figure 2: see original paper], the data reception buffer, data frame buffer, and
processing result buffer are all designed as circular queue structures, enabling
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repeated use of fixed-size memory space without requiring dynamic memory
allocation and deallocation.

2.2 Data Frame Processing

Processing data frames requires structural information about the frames and
their parameters, while parsing results must also satisfy user display require-
ments. Traditionally, data frame processing required establishing separate
databases and developing specific parameter parsing software for each mission’
s data characteristics, resulting in heavy workload and long development cycles,
particularly failing to meet future multi-satellite, multi-mission aerospace
requirements. Introducing a standardized data information description model
enables parameter parsing modules to transcend single aerospace missions and
achieve generality.

CCSDS has introduced XTCE (XML Telemetry & Command Exchange) as
an international standard for describing data models, presented in the form
of XML schema files with the top-level root node SpaceSystem containing six
components: Header, Description, SpaceSystem, CommandMetaData, Teleme-
tryMetaData, and ServiceSet. The structural information required by parame-
ter parsing modules primarily originates from the TelemetryMetaData element,
whose child elements include ParameterTypeSet, ParameterSet, and Container-
Set.

XTCE has broad coverage but can be tailored to specific requirements to avoid
redundancy. For parameter parsing modules, information such as parameter
names, start/end positions, types, and conversion formulas is typically required.
During system initialization, XTCE files are read, parsed, and saved as data
models for use by each data frame processing thread. The algorithm flow for
data frame processing threads is shown in [Figure 2: see original paper]. In the
initial conditions, the variables represent:

e IsSyn: synchronization status

e MoveBit: required bit shift amount

e LenofUnPrecess: length of unprocessed data

o LenofLeft: length of remaining data from previous processing
o UnitDataLength: unit processing length (data frame length)

The core algorithm concept involves setting up two buffers, each sized at twice
the maximum length for a single processing operation. Buffer B1 is used for
processing, while buffer B2 serves as backup to restore data in B1 when syn-
chronization code searching causes shifting. Newly read data LenofNewData
should not exceed the maximum single-processing length. Fixed-length data is
read each time to check synchronization status; if synchronized, parsing pro-
ceeds. If not synchronized, synchronization codes are re-located and parsing
begins from the new position. If no synchronization code is found, only data
at the end of the current processing window equal to the synchronization code
length is retained to ensure subsequent synchronization state identification is not
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affected. Synchronization code searching uses byte-by-byte comparison; if not
found in one comparison, buffer B1 is right-shifted by one bit for re-comparison,
with a maximum of 7 shifts.

This algorithm performs parameter parsing by matching data models in XTCE
files, not limited to single structures and demonstrating good generality.

3 System Implementation and Verification

A data processing system for high-speed payload data streams was developed
using Visual Studio 2012 and deployed on a Linux server. The system was
tested using telemetry data from a specific satellite model requiring real-time
processing throughput no less than 150 Mbps. The test verification platform
is shown in [Figure 3: see original paper]. A simulation transmission program
was installed on the transmission simulation computer to send telemetry data to
the data processing server via network at specified rates. The data processing
system was deployed on the server, with all modules (including the database)
interconnected via 10 Gigabit Ethernet. System status information was sent to
the data processing monitoring system via Gigabit Ethernet.

Testing demonstrated that the proposed method for high-speed payload data
streams outperforms conventional methods, with comparative results shown in
. It should be noted that the conventional method uses post-processing; when
employed for real-time processing, rates exceeding 12.1 Mbps cause receive buffer
overflow and processing interruption.

Additionally, the generic parameter parsing algorithm enables the parameter
parsing module to support multi-mission scenarios. When data structures
change, only the XTCE file needs updating without program modifications,
significantly reducing development costs.

Table 3 Comparison of Test Results Between Two Methods

Single-thread Frame-by-Frame
Method Mode Multi-thread Parallel Mode

Server 16 cores, 64GB memory 16 cores, 64GB memory
Configu-

ration

Simulated 12.1 Mbps 145 Mbps, 155 Mbps
Trans-

mission

Rate

Maximum >155 Mbps (16 threads)

Through-

put
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4 Conclusion

This paper designs and implements a data processing system for high-speed pay-
load data streams that addresses the inability of conventional methods to meet
high data processing throughput requirements while providing good generality
for multi-model, multi-mission scenarios. System testing and verification demon-
strate that the proposed solution can meet current processing requirements for
high-speed payload data streams, providing a valuable reference for engineering
applications.
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