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ABSTRACT

The conventional telemetry system of Korean low-earth orbiting satellites has certain limitations in accommaodating various
missions. As the payload becomes complex, it requires very complicated operational concepts in terms of telemetry. With the
current design, the telemetry formats have to be rebuilt whenever new payloads or operation concepts are involved, and many
constraints in operation shall be produced due to the lacks of its flexibility. As the capability and performance of a satellite have
been improved, the communication structure of the satellite should be improved to gather more telemetry data. For the
efficiency of data handling, it is necessary to change the grid based telemetry system in which the downlink interval and types
for telemetry was limited. Comparing the fixed data map such as grid type, the packet based telemetry system can be operated
as flexible and various types of packet can be designed such as the dump packet and the event packet. The sequence of the
packets can be modified or newly defined to manage the massive satellite state of health data. In this paper, a new strategy for
the telemetry development partially derived from PUS (Packet Utilization Standard) of European Space Agency, which provides
enhanced features for the accommaodation of payloads & operational requirements, is presented.
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1. Introduction

For a geostationary satellite, the communication
speed has no issue as the communication is
possible always. For a low-earth orbiting satellite,
the contact time is limited as several minutes. So
the communication speed should be fast such as
1Mbps (bit per second) to downlink massive
satellite data. As following CCSDS protocol,
telemetry unit is a 256-byte CADU (channel
access data unit). More than 1Mbps, hundreds
CADUs are downlink. It can be designed more
than 2 real-time CADUs downlink. The number of
a real time CADU including data collected at the
same time can be designed the satellite system. A
grid-based telemetry system is defined by a 212-
byte telemetry map for one minor frame (1second)
and one major frame which is telemetry format
period and has 24 minor frames or 32 minor
frames. It is not difficult to manage two grids. But
as the number of real-time CADU increases, it is
not efficient to handle telemetry downlink
sequence using several grids. The fixed grid
formats have always the drawback that one can
not well react on situations where an increase of
telemetry reporting would be necessary during the
satellite design phase. It is necessary to design
the telemetry downlink system to be flexible and
to handle large amounts of telemetry data. The
packet-based telemetry system allows variable
and flexible telemetry design, however a worst
case analysis on the peak telemetry downlink is
necessary. It is particularly mandatory for packet
utilization standard. Various types of packet can
be designed such as dump packet and storage
only packet. To process big size dump table, an
efficient and easy download scheme is required.
For better failure monitoring, detailed event logs is
helpful. For easy test and operation, event logs
are needed to be processed and displayed in real-
time. In this paper, a packet based telemetry
downlink scheme is presented.

II. Packet management

1. Packet and Packet Group
A packet has fixed length 212byte. Figure 1
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shows the CADU and packet relationship.

Sync Pattern | VCDU Header
(4 byte) (8 byte)
CADU (Channel Access Data Unit) (256byte)

Reed Solomon Code

Packet (212 byte) (32 byte)

Figure 1: Packet Definition

Packets can be classified as a real-time packet,
a dump packet and a storage-only packet. A real-
time packet includes the telemetry data gathered
at real-time. A dump packet is used for dump
operation. A storage-only packet can be designed
to store the real-time gathered data and not to
downlink at real-time mode. It can downlink at
playback mode. For the real-time packet downlink,
the packet management design is necessary.
Packets can be designed to monitor the status of
some units or to check specified functions. These
packets can be grouped. And also several packet
groups can be designed as unit purposes or
function purposes. So the default packet group for
the essential system state of health data, the
extended packet group for the long term interval
system telemetry, the attitude orbit control packet
group for the actuators, star tracker, gyro and
position sensors and the payload packet group for
the payload telemetry can be designed. The
packet sequence for one packet group defines the
packet downlink sequence through one CADU
downlink position. When the default packet group
includes six packets such as {P1.1, P1.2, P1.3,
P1.4, P1.5, P1.6}, the default packet sequence
can be defined as {P1.1, P1.2, P1.3, P1.4}. Px.y
means ‘X’ is a packet group ID and 'y’ is a packet
ID.

2. Packet Management

The packet sequence can be modified by a
ground command. To downlink P1.5 and P1.6, the
default packet sequence can be modified to {P1.5,
P1.6}. This modified sequence is continued before
modified to another packet sequence or changed
to another packet order. Figure 2 shows the
packet sequence of the default packet sequence
from 9 seconds.



Packet Utilization 73S o83k A= 91449 dlole] B4l 9 A7)

Downlink Real Time CADUs

TIME Packet of RT CADU

1sec P1.1

2sec P1.2

3sec P1.3

4sec P1.4

S5sec P1.1

6sec P1.2

7sec P1.3

8sec P14 4_I Modified Packet Sequence of
9sec [PiLS the Default packet sequence
10sec P1.6

1l1sec P1.5

12sec P1.6

13sec Pil5

l4sec P1.6

Figure 2: Packet Sequence Change

The packet sequence change function is very
useful to test some specified units or to make the
downlink interval of specified packets fast.

The packet order is the downlink order of
several packet group every seconds. It can be
defined by the ground command which enables or
disables one packet sequence table at one CADU
downlink position. Figure 3 shows three packet
sequence tables downlink through the second
CADU downlink position during 12 seconds. It is
assumed the downlink speed is 4096 bps so two
real-time packets can be downlink parallel every
second. And the default packet table is assumed
to downlink at first CADU downlink position. So
the packet order #1 is the default PS (packet
sequence) for the first CADU downlink position
and the extended PS for the second CADU
downlink position and the packet order #2 is the
default PS and the BUSO PS and the packet order
#3 is the default PS and the payload PS.

Downlink Real Time CADUs (Downlink speed : 4096 bps)
TIME | 1st CADU D/L position 2nd CADU D/L position

1sec Default PS Extended PS

2sec Default PS Extended PS

3sec Default PS Extended PS

4sec Default PS Extended PS

Ssec Default PS AOCS PS 4 Packet Order #2
(Disable the Extended

6sec Default PS AOCS PS PS and Enable the

7sec Default PS AOCS PS Bus0 PS at 2nd DL
position)

8sec Default PS AOCS PS

9sec Default PS Payload PS | a¢—{ Packet Order #3
(Disable the Bus0 PS

10sec Default PS Payload PS and Enable the

11sec Default PS Payload PS Payload PS at 2nd

12sec Default PS Payload PS DIL position)

Figure 3: Packet Order Selection

When the downlink speed is 1.5M bps (high
rate mode), 732 CADUs can downlink every
second. Considering memory storage and

downlink capability, the number of RT CADUs can
be designed. When 4 RT CADUs downlink per
second, 4 packet group can be selected.

The dwell mode for a single packet is possible
by ground command. The dwell mode means one
packet downlink during some period defined by a
ground command. It is useful to downlink the
emergency telemetry or specified purpose
telemetry. Figure 4 shows the P4.6 downlink at 4"
RT CADU downlink position from 49 sec by the
dwell mode command during a high rate mode.
After stopping the dwell mode, the original packet
sequence, which was selected at the 4™ cADU
downlink position before the dwell command, is
started.

Downlink Real Tims CADUGatléM bpe High Rals Mods

Tme | Defsut s | Exended 2% | AOC S PE | Payload RS
21500 a1.1 222 233 P22
2 250c 1.2 A4 234 23
23500 1.3 224 335 EHEy
ddgec 1.4 22.10 336 a5
2550 a1.1 A2.12 233 P22
AfGec 1.2 222 334 ]
2750 1.3 224 235 )
Afs0c 1.4 224 336 a5
29500 a1.1 2z.10 A33 PaLE
S50c 1.2 22.12 334 ALE Dwel Made
51soc 1.3 222 A35 P&
52500 Al.2 EFF] XT3 PaG
53soc 31,1 224 EE b
Sagoc 1.2 az2.10 P34 PG
Shsoc 1.3 A2.12 A15 a6
e 1.2 222 5T PG
5750 a1.1 F I 213 ALG
Sfsoc 1.2 224 =T PG

Figure 4. Packet Dwell Mode

3. Dump Operation

To dump the memory data, a dump packet can
be designed. It is necessary to define the dump
header for identifying the dump contents and for
counting the dump packets. The default packet
group, which includes the essential system state
of health data, should downlink always so the
dump operation is needed to limit. The dump
packet can be designed to downlink at the second
RT CADU downlink position and the 3% or 4" RT
CADU downlink position. Figure 5 shows the
dump operation when the downlink speed is 1.5M
bps. The dump #1 packets downlink during 120
seconds at the 3 CADU downlink position and
the dump #2 packets downlink during 121
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seconds at the 4™ CADU downlink position.

Downlink Real Time CADUs at 1.5M bps High Rate Mode

Time 1st CADU | 2nd CADU | 3rd CADU | 4th CADU
D/L position | D/L position = D/L position = D/L position
401sec Real Time Real Time Dump #1 Dump #2
Packet Packet | / Packet Packet
Real Time Real Time Dump #2
520sec Packet Packet Packet
Real Time Real Tim, Dump #2
521sec Packet Pack%t Packet

Dump #1 packet Downlink for 120 sec
@ 3rd RT CADU downlink position

Dump #2 packet Downlink for 121 sec
@ 4th RT CADU downlink position

Figure 5: Packet Sequence Change

4. Additional Packet

The additional packet is the packet defined
newly on the on-board software by a ground
command. It is useful during test phase. The
ground station can specify the downlink-cycle of
the additional packet. The additional packet ID
should be assigned newly. By ground command,
the on-board software generates and downlinks
the additional packet and then the ground station
should decode the raw data in the additional
packet as it defined.

5. Event Packet

The purpose of the event logging is to log
some events happened during a mission period
and a mission upload period. During a mission
period, a ground station can contact with satellite
or not. In this period, the execution result of a

relative time command sequence is needed to log.

The command execution fail information can be
defined as one of negative event. During a
mission upload period, a ground station can
contact with satellite. In this period, the data
uploading result and the execution result of
uploaded command are needed to log. The format
of an event can be defined as an event occurred
time, an event ID and an event occurrence
counter. The ground station can control the events
logging level to record them in the event log table.
When the event level is higher than or same as
the logging level, the software logs the event.
When the event level is lower than the logging
level, the software does not log the event. The
ground station can control the event occurrence
level to select how to record the occurrence times.
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When the event level is higher than or same as
the occurrence level, the software logs the event
to another entry. So an event can be logged with
the event occurrence counter 1 as it occurring.
When the event level is lower than the occurrence
level, the software increments the number of
occurrence counter of the event instead of adding
another entry for the same event. Events can be
designed to downlink every second. The downlink
size of event log should be optimized considering
the event database. The extended system packet
group, in which the long time interval telemetry is
assigned, can include the event log area 60byte
or less than that size. When the event A occurred
continuously 14 times and the event B occurred 2
times, the event A and the event B is logged and
downlink through a packet as shown in Figure 6. It
is assumed the logging level (L.L) is 1 and the
occurrence level (O.L) = 3. The level of the event
A'is less than the O.L so it is logged with the event
occurrence counter 14. The level of event B is
larger than the O.L so it is logged with the event
occurrence counter 1 as it occurring.

Event Downlink through a Packet

Packet Data Data Hex

RT Telemetry Data
Event 1 Time

Event ID| Level [ Description Event 1 1D 1111
1111 2 Event A Event 1 Counter 14
7777 | 3 Event B Event 2 Time

Event 2 ID 7777
Event 2 Counter 1
Event 3 Time

Event 3 1D 7777
Event 3 Counter 1

Figure 6: Event Log Downlink

II.3. Conclusions

The packet based telemetry system can be
operated as flexible and various types of packet
can be designed such as the dump packet and
the event packet. The sequence of the packets
can be modified or newly defined to manage the
massive satellite state of health data. In this paper,
a new strategy for the telemetry development
partially derived from PUS (Packet Utilization
Standard) of European Space Agency, which
provides enhanced features for the accommodation
of payloads & operational requirements, is
presented.



Packet Utilization 73S o]t A= 2149 dlole]

18|

ﬁ

[1] Lee N.Y, Lee J.H, Suk B.S, “Design of command
and telemetry system for new LEO satellite using
PUS concept’, Aerospace Engineering and
Technology, Vol.6, no.1, July 2007, pp. 92-96

[2] ESA-ESTEC, PDF, ‘Space Engineering, Ground
Systems and operations — Telemetry and
telecommand packet utilization’, pp.1-228.

X Xt

o] Y < (Na-Young Lee)

1999d 2¢: o}Fulsta
AAAEEety £

2001 2€: St=r7slred
A7 AR FEE A AL

19963 39 ~AA: =¥

<R AYA2E, GHEN

o] A Z(Jin-Ho Lee)

19923 89: Fdg
- A7) A A8 A AL
19923 99 ~&AA: =3
FATY

<A B 94N 2Y, A4

gl

A W A (Byong-Suk Suk)

19923 29 AE g
AAFe &4

19941 29 : AE & w
A7) AR g A AL

2006\ 29 : ot
A7) A A8 uka}

19943 ~ & A :
A ESFATY

<qRol 1A SY, 9404



