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ABSTRACT
The onboard telemetry (TM) system of Korea Space Launch Vehicle-II (KSLV-II) transmits PCM
frame data to the TM ground station via RS422 before flight or via RF link during flight. This paper
describes the development of a portable TM ground station for KSLV-II that can decommutate
the PCM frame data received via RS422. The developed portable TM ground station consists of
two major components: a RS422-to-Ethernet TM PCM decoder and a laptop running MAGALI
commercial TM software. The TM PCM decoder transforms a serial bit stream of the PCM data
received via RS422 into multicast UDP packets. The MAGALI TM software supports an Ethernet
acquisition module for the reception of the PCM frame data, which enables decommutation of the
UDP packet-based PCM frame data received from the TM PCM decoder. Furthermore, the use of
multicast UDP enables simultaneous decommutation of the PCM frame data at multiple laptops
running MAGALI.
INTRODUCTION
Korea Aerospace Research Institute (KARI) has been developing the Korea Space Launch VehicleII (KSLV-II), a 3-stage launch vehicle, to put a 1.5 ton satellite into low orbit at 600∼800 km
altitude. Each stage of the KSLV-II has an independent onboard telemetry (TM) system whose
architecture is based on the traditional RS-422 serial communication interconnection between one
Master Data acquisition Unit (MDU) and multiple Remote Data acquisition Units (RDUs). The
MDU gathers data from various sensors and other onboard electronic units, which are acquired
by multiple RDUs and the MDU itself, and then generates PCM frame data according to IRIG
Standard 106, Chapter 4. The generated PCM frame data are transmitted using randomized nonreturn-to-zero-level (RNRZ-L) code, which is defined in IRIG Standard 106, Appendix D, via two
RS-422 interfaces: 1) one for a S-band TM transmitter that transmits the PCM frame data via
RF link during flight, and 2) another for a TM ground station (TGS) that decommutates the PCM
frame data to check the sensor data and the state of health of onboard electronic units before flight.
During the whole period of the onboard TM system development and the KSLV-II system integration, many diverse tests are conducted at multiple sites. Although the TM PCM frame data
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should be checked in real-time for each test, it is difficult to build TGSs on all the test sites. A
portable TGS is thus required. We first used a commercial off-the-shelf (COTS) portable TGS,
MAG 200/TGS-M from NEXEYA France. However, it could not provide enough portability for
our needs, and furthermore it was difficult to adopt multiple portable TGSs because of their high
cost. We therefore decided to develop our own portable TGS.
This paper describes the development of our own portable TGS to satisfy our needs for high portability and low cost. The developed portable TGS consists of two major components: 1) a RS422to-Ethernet TM PCM decoder that is developed by KARI and 2) a laptop running MAGALI that
is COTS TM software developed by NEXEYA France. The TM PCM decoder transforms a serial bit stream of the PCM frame data received via RS422 into multicast UDP packets and then
sends them to Ethernet network. MAGALI running on a laptop decommutates the UDP packetbased PCM frame data received via Ethernet network. The details are described in the following
sections.
MOTIVATION
As described earlier, we first adopted a COTS portable TGS, MAG 200/TGS-M. Although there
are several COTS portable TGSs in the TM market, we should choose one based on MAGALI
because of its compatibility with the Naro Space Center. The TGS in the Naro Space Center
was built with MAGALI-based equipment for launching KSLV-I (Naroho), and it will be reused
with a system upgrade for the launch of KSLV-II. MAGALI is COTS TM software developed by
NEXEYA France, which provides an IRIG 106 Class II PCM decommutation module.
MAG 200/TGS-M has slightly heavy weight of about 20 kg, and although it can be carried by
hand it is inconvenient. Frequent moving sometimes results in damage to the TGS hardware. Furthermore, its high cost makes it difficult to adopt multiple portable TGSs. These problems caused
considerable inconvenience for the use of MAG 200/TGS-M and thus we decided to develop our
own portable TGS satisfying the following requirements.
• Light weight for high portability
• Low cost for budget savings
• Easy replacement in the event of hardware failure for easy maintenance
Because MAGALI must be used for decommutation of the PCM frame data, the key aspect of the
development of our portable TGS was the method of inputing the PCM frame data generated by
the MDU to MAGALI. MAGALI supports some acquisition modules for the reception of the PCM
frame data, and among them, we focused on the Ethernet acquisition module. It was because the
Ethernet is a very widely used communication interface and all the laptops have at least one more
Ethernet interface. If the PCM frame data are formatted to the Ethernet packets that are inputted to
MAGALI with the Ethernet acquisition module, a general-purpose laptop can be used for MAGALI
to decommutate the PCM frame data. The use of a general-purpose laptop can provide much more
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flexibility to build a portable TGS and many advantages of lighter weight, lower cost, and easier
hardware replacement.
DEVELOPMENT OF A RS422-TO-ETHERNET TM PCM DECODER
The PCM frame data from the MDU of the KSLV-II has a bit rate of up to 10 Mbps and are transmitted via the RS422 serial interface. To utilize MAGALI with the Ethernet acquisition module on
a general-purpose laptop for decommutation of the PCM frame data, we developed a RS422-toEthernet TM PCM decoder that transforms a serial bit stream of the PCM frame data received via
RS422 into Ethernet packets to be inputted to the Ethernet acquisition module of MAGALI. Our
TM PCM decoder was developed to meet the following functional requirements that are listed in
the order in which they are processed by the developed TM PCM decoder.
1. Reception of the PCM frame data of up to 10 Mbps via RS422 interface
2. Bit-level decoding of the PCM frame data with bit synchronization and de-randomization
3. Extraction of each minor frame data by detecting sync word
4. Addition of IRIG-B timestamp at the detection of sync word to each minor frame data
5. Transformation of each minor frame data embedding IRIG-B timestamp into a multicast
UDP packet and transmission of the packet
Figure 1 shows a functional block diagram of the developed TM PCM decoder. An Altera FPGA,
an Ethernet controller, RS422 transceivers, and a flash memory were used for the development of
the TM PCM decoder. Most of the required functions were implemented in the FPGA using Verilog
HDL. There are four processing modules (PCM frame decoding module, IRIG-B time decoding
module, Ethernet control module, and Nios II processor module) and two dual-port memories (data
memory and configuration memory) inside the FPGA.
The Nios II processor is a 32-bit soft core processor for the Altera FPGA. The Nios II processor
module is basically in charge of the access of the external flash memory where the configuration
data are stored. The configuration data include the bit rate and the size of the PCM frame data,
network setting for the TM PCM decoder (MAC address, IP address, multicast address, and so
on), and feature options. When the power is turned on, the processor module loads the stored
configuration data from the external flash memory and passes the data to the PCM frame decoding
module and the Ethernet control module so that they can be initialized. The stored configuration
data can be updated via Ethernet using developed user software, and the details of this are described
later.
The PCM frame decoding module is the main processing module of the TM PCM decoder. It decodes the serial bit stream of the PCM frame data received via RS422 serial interface by performing
bit synchronization and de-randomization. For the bit synchronization, the TM PCM decoder uses
the bit rate of the PCM frame data that is pre-configured and stored in the external flash memory.
In addition, the PCM frame data are encoded with RNRZ-L code and thus de-randomization of
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Figure 1: Functional Block Diagram of the RS422-to-Ethernet TM PCM Decoder

the data has to be accomplished together. The decoded bits are stored in the registers within the
FPGA.
The next processing step of the PCM frame decoding module is searching for the sync word within
the decoded bits. Every minor frame that constitutes the PCM frame data has the sync word at the
beginning of the minor frame data. When the sync word is detected, minor frame data of a preconfigured size are extracted and written to the data memory. At this time, the timestamp at the
detection of the sync word is appended to the minor frame data and written to the data memory
together. The IRIG-B time decoding module provides IRIG-B time information in real-time to the
PCM frame decoding module by decoding the received IRIG-B time signal. The provided IRIG-B
time information is 8 bytes and has a resolution of 1 us. This decoding process repeats every minor
frame.
The Ethernet controller IC used in the TM PCM decoder is W5300 from WIZnet. The W5300
is a hardwired TCP/IP embedded Ethernet controller that enables easier internet connection for
embedded systems. Its internal resister can be accessed via 8/16 bit bus interface and internet
connection using TCP or UDP sockets can be easily made by resister read/write. The W5300 can
use 8 independent hardware sockets simultaneously.
The Ethernet control module within the FPGA controls the W5300 to interface with Ethernet network. Two sockets within the W5300 are used: one is the multicast UDP socket for transmitting
the PCM frame data to MAGALI, and the other is the TCP socket for receiving the updated configuration data from the developed user software. When the power is turned on, the Ethernet control
module first performs initialization of the W5300 for network configuration using the configuration data loaded from the external flash memory by the processor module, and then waits for the
minor frame data to be filled in the data memory. If the entire data of one minor frame are filled in
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the data memory, the Ethernet control module reads the data from the memory and writes them to
the tx registers for multicast UDP socket of the W5300, which generates a multicast UDP packet
for the data and transmits it to the Ethernet network.
The Ethernet control module also processes the reception of the updated configuration data. The
developed user software generates the configuration data updated by user and sends the data to the
TCP socket of the W5300 via Ethernet. If the configuration data are received at the TCP socket
of the W5300, an rx interrupt is issued to the Ethernet control module, which reads the data from
the rx registers for the TCP socket of the W5300, writes them to the configuration memory, and
generates an interrupt to the Nios II processor module to inform of the reception of the updated
configuration data. Finally, the configuration data in the configuration memory are moved to the
external flash memory by the Nios II processor module and the update process of the configuration
data is completed.
The developed TM PCM decoder also has a simulation mode for test. When the simulation mode is
enabled, the PCM frame decoding module is disabled and the Nios II processor pushes the dummy
PCM frame data, which are generated every minor frame period, to the data memory. With this
simulation mode, it is possible to perform the interface test with MAGALI without the MDU and
its real PCM frame data.
The basic functional verification of the developed TM PCM decoder was performed using Wireshark,
widely used network protocol analyzer software. Wireshark showed that the developed TM PCM
decoder converts a serial bit stream of the PCM frame data into multicast UDP packets embedding
the IRIG-B timestamp successfully. Figure 2 shows a picture of the developed RS422-to-Ethernet
TM PCM decoder. The size is 13 cm X 7.3 cm X 2.6 cm and the weight is about 220 grams. The
TM PCM decoder is powered via a USB so that it can be easily used with laptops. In addition, the
manufacturing cost is very low because all used ICs including the FPGA are inexpensive.
BUILDING THE PORTABLE TGS WITH THE TM PCM DECODER AND THE
MAGALI
When the development of the RS422-to-Etheret TM PCM decoder was completed, the next step
in building our portable TGS was to interface the TM PCM decoder with the MAGALI. Because
MAGALI already has an Ethernet acquisition module, the initial interfacing of the TM PCM decoder with MAGALI could be successfully completed after some trials and errors. However, the
original MAGALI software did not have a feature to use the timestamp embedded in each UDP
packet-based minor frame data when decommutating the PCM frame data. The original MAGALI
generated timestamps at the reception of each UDP packet using the system time of the computer
on which it was running, and this was used for the decommutation. Since packet transmission
jitter exists in the Ethernet network, although minor frames are actually generated with a constant
time interval of the defined minor frame period, the timestamp interval between the received UDP
packets is not constant. This problem makes the analysis of the PCM frame data very difficult.
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Figure 2: Picture of the developed RS422-to-Ethernet TM PCM decoder

To solve this problem, we required NEXEYA France, a developer of MAGALI, to add a feature to
use the timestamp embedded on each minor frame for decommutation. After adding the embedded timestamp feature, the jitter problem could be clearly resolved and interfacing the TM PCM
decoder with MAGALI could be completed successfully.
To build the portable TGS, any general-purpose laptop can be used if it has an Ethernet interface to
receive multicast UDP packets from the TM PCM decoder and a USB port to supply 5 V power to
the TM PCM decoder. Figure 3 shows a picture of one of our developed portable TGSs. Because
an ultra-slim laptop whose weight is less than 1 kg is chosen, the total weight of our portable TGS,
including a laptop with a power adaptor, a TM PCM decoder, and cables, can be less than 2 kg.
As described earlier, we had three main requirements for the portable TGS: light weight for high
portability, low cost for budget savings, and easy hardware replacement for easy maintenance. As
shown in the example presented in Figure 3, our portable TGS has very low total weight, which
can provide extremely high portability. Because the manufacturing cost of the TM PCM decoder
is low and a general-purpose laptop can be used for the portable TGS, most of the building cost of
the portable TGS is occupied by the cost of the MAGALI software. Furthermore, when a hardware
failure occurs, the low-cost TM PCM decoder can be replaced and the use of the general-purpose
laptop also provides easy repair or replacement in the event of failure of the laptop. Consequently,
our portable TGS satisfies the three main requirements.
Our portable TGS using an Ethernet interface and multicast UDP connections between the TM
PCM decoder and the laptop running MAGALI offers some advantages. The multicast UDP packets sent from one TM PCM decoder can be delivered to multiple laptops, making it possible for
multiple laptops running MAGALI to simultaneously decommutate the PCM frame data. In addi6

Figure 3: Picture of one of the developed portable TGSs

tion, the use of Ethernet allows the laptop to be remotely operated far from the TM PCM decoder.
These features provide flexibility of the test configuration using our portable TGS according to
variable test environments.
CONCLUSIONS
This paper described a method to develop and build our own portable TGS for KSLV-II. Our
portable TGS consists of two major components: a RS422-to-Ethernet TM PCM decoder that is
developed by KARI and a laptop running the COTS TM software MAGALI. The TM PCM decoder
transforms a serial bit stream of the PCM frame data via RS422 from the MDU into multicast UDP
packets in units of minor frame data, and MAGALI running on a general-purpose laptop receives
the multicast UDP packet-based PCM frame data to decommutate them. The developed portable
TGS satisfies our requirements of high portability, low cost, and ease of replacement in the event
of hardware failure.
We have already been using multiple portable TGSs successfully for diverse tests at several sites
from the functional verification test of the onboard TM system to the system integration test of
KSLV-II. Our portable TGS has already played an important role in the development of an onboard
TM system as well as in the program success of the KSLV-II and will continue to do so in the future.
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