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TM Space Data Link

Packets are
concatenated and
placed into the Data
Fields of fixed-length
(up to 1115 octet)
Telemetry Frames.

A ‘First Header Pointer’ in
the Frame identifies the
start position of the first
whole packet in the Frame.

Frame Header Packet #1 Packet #2

Frame Header ket #3 Packet #4 Pack

Packet #1
Packet #2

Packet #3

Packet #4

Packet Mux & Frame
 Construction

Data Source
Data Source

Packet #5

Frame Header et #5 Pa

…and the packet length
information in each packet…

…are used to extract Packets from Frames.

Pac

• Routing based upon 8 Virtual Channels.
• No provision for ARQ.
• Supports CCSDS Space Pkt, SCPS-NP,
  IPv4 and CCSDS Encapsulation packets.
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AOS Space Data Link

Packets are
concatenated and
placed into the Data
Fields of fixed-length
(up to 1115 octet)
Virtual Channel Data
Units (VCDU).

A ‘First Header Pointer’ in
the Frame identifies the
start position of the first
whole packet in the Frame.

VCDU Header Packet #1 Packet #2

VCDU Header ket #3 Packet #4 Pack

Packet #1
Packet #2

Packet #3

Packet #4

Packet Mux & Frame
 Construction

Data Source
Data Source

Packet #5

VCDU Header et #5 Pa

…and the packet length
information in each packet…

…are used to extract Packets from VCDUs.

Pac

• Routing based upon 64 Virtual Channels.
• No provision for ARQ.
• Handles “isochronous” data.
• Supports CCSDS Space Pkt, SCPS-NP,
  IPv4 and CCSDS Encapsulation packets.
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TC Space Data Link Protocol

Packets are placed
into the Data Fields of
variable-length (up to
1024 octets)
Telecommand Frames

at Sending End:

at Receiving End:

TC Header Packet #1

Packet #1

Pkt #3

Packet #4

Packet Mux & Frame
 Construction

Data Source
Data Source

Packet #5

TC Header Packet #2

TC Header Pkt #3

Packet #2

The packet length information in
each packet is used to extract
Packets from Frames.

Packet #4

• Routing based upon 64 Virtual Channels.
• ARQ Provided by COP-1 Protocol.
• Supports CCSDS Space Pkt, SCPS-NP,
  IPv4 and CCSDS Encapsulation packets.



Physical Layer (includes Convolutional Coding)

Bit stream

Frame Sub-Layer (includes CRC and/or R-S Coding)

Data Services Sub-Layer

I/O  Sub-Layer

Local 
Control

Directives

SDU Delivery

INPUT
QOS Port  SDUs Type

Send
CLCW V(R)

Seq. Cont.
Frames

Expedited
Frames

Accepted User 
Data Frames

MAC Sub-Layer
Transmit

Retransmit

Accepted
Frames

MAC
 Frame Queue

8 Output  Ports

Data Service
Frame Queue

OUTPUT

Received 
Control

DirectivesDirective
Decoder

Output.Queue
Available

Bit-lock   Carrier

Proximity-1 Layered Model
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Proximity-1 Layered Model Description

Sender Functionality Receiver Functionality

Provides the physical characteristics of the link 
frequency, modulation, convolutional coding, data rates, Doppler

PHYSICAL
LAYER

FRAME
SUBLAYER

MAC
SUBLAYER

DATA SERVICES
SUBLAYER

I/O
SUBLAYER

Determines order of
frames;Makes CLTUs

Decodes, verifies, validates,
routes frames to higher layers

Controls transmitter state
For link establishment,
maintenance, termination

Controls receiver state
For link establishment,
maintenance, termination

Frame Acceptance and Rejection
Mechanism (FARM-P);
Accepts/verifies control directives

Frame Operations Procedure
(FOP-P);

Accepts user data for transfer
provided routing info:QOS,
port ID, etc; Makes frames

Receives frames; extracts
packets; Rebuilds packets from
segments;Routes data via ports
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Command Operation Procedures
 (COP-1 and COP-P) 1

• COP-1 (and COP-Proximity) operate on the principle of sequential
frame acceptance and retransmission with frame sequence numbering.

•The FOP initiates the transmission of TC Frames whose sequence
numbers are arranged in upcounting sequential order.

•The FARM only accepts frames if their sequence numbers match the
expected upcounting order.

•As soon as an error occurs, the FARM rejects all subsequent frames
whose sequence numbers do not match the expected order.

•The FOP monitors the CLCW to determine if frames are being rejected,
and if so backs up and retransmits the series of frames, beginning with the
frame whose sequence number matches the number which the FARM is
expecting.”

1 Telecommand Summary of Concepts and Service,  CCSDS 200.0-G-6, Green
Book, January 1987.
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Synchronization/Coding Techniques

Funct i ons

TM
S ynchr oniza tio n

a nd Cha nne l  Co d ing

TC
S ynchr oniza tio n

a nd Cha nne l  Co d ing

Pr o xim ity-1
S ynchr oniza tio n

a nd Cha nne l  Co d ing

E rro r Co r r ect i on • Co n v olutio n al
Co des *

• Turbo  Codes*
• Re ed Solo m on

Co des *

• BCH C ode * • Co n v olutio n al Code *
• Re ed Solo m on C ode *

E rro r Det ect i on/
F r ame  V a lid a t i o n

• Re ed Solo m on
Co des *

• Frame  Err o r
Co ntro l  Fi eld *

• BCH C ode
• Frame  Err o r

Co ntro l  Fi eld *

• Re ed Solo m on C ode *
• Atta ched Cy c lic

Redunda ncy Code *

Pseu d o-
R and o m i z ato n

• Cy c lic TM
Ra ndom
Sequence *

• Cy c lic TC
Ra ndom
Sequence *

• M anchester Co din g
suppl ies  this functi on

F r ame
Synchro n i z ati o n

• 32-bit Atta ched
Sy nc Ma rke r

• 16-bit Sta rt
Sequence

• 24 ( v ar.) o r  3 2-bit
(fi xed) Attached  Sy nc
M arker

* d e n ote s a n  o ptio n al f u ncti o n.


