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14Figure 1 Magnetometer Data Decompression Flowchart



REVISION NOTICE

	Version Identifier
	Date of Issue
	Summary of Changes

	1.0
	1/2/2009
	Initial releas3

	1.1
	1/6/2009
	Corrected decomp. Description – added flowchart – define range bits

	1.2
	1/6/2009
	Correct Flow chart

	2.0
	2/3/2009
	Expand to include all  packet types

	2.1
	3/10/2009
	Revise Wave packet Format

	2.2
	3/17/2009
	revise HK Packet

	2.3
	3/25/2009
	Revise Waves packets – add Shared data packet, LVPS packet, add commands

	2.4
	3/25/2009
	revise RESET/Write Enable Commands, modify LVPS packet

	2.5
	3/29/2009
	Revise HK – combine Shared Data into HK

	2.6
	4/3/2009
	Revise HK – Add Space Weather

	2.7
	4/24/09
	Revise MAg coord system references and Waves Packet definition


1. Introduction

Table 1 RBSP  ITF Format

	Field Name
	Length
	Description

	Sync Pattern
	32 bits
	Thirty-two (32) bit sync word containing a fixed data value of 0xfefa30c8 

	Aliveness Status
	1 bit
	Aliveness Status (heartbeat) for Autonomy (toggle each second), (0 for commands)

	Power Down Request
	1 bit
	Instrument power off request for Autonomy 

    (Assert to be powered OFF), (0 for commands)

	Spare
	1 bit
	Spare Bit (Always 0)

	Message Length
	13 bits
	Number of bytes following the “Message Length” field, including the “Checksum” field.  The value of this field should always be EVEN.  Range for the value of this field is (4 – 8190) for telemetry and  (4-506) for commands.

	First Packet Header Index
	16 bits
	Offset of first packet header in the ITF

(0 – 4094) location of first byte of packet within ITF

0xFFFF – No packet header in this ITF

Commands always 0 for the command ITF

	CCSDS Packetized Message Data
	0-8186 Bytes
	S/C time and status, commands, shared data, magnetic field data, housekeeping or science data packets.

	Checksum
	16 bits
	Sixteen (16) bit exclusive-OR of all data following the Sync Pattern (seeded by 0x0000)


Table 2 EMFISIS Generic Packet Format

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	0
	0=telemetry

	Sec. Hdr. Flag
	1
	1
	1=has secondary  header

	Application ID
	11
	280- 2BF  (hex)
	EMFISIS Instrument Allocated  message APID

	Grouping Flags
	2
	 3
	3 –  not part of group

	Sequence Count
	14
	0-16383
	Increments with each new packet

	Packet Length
	16
	3 – 4089
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec)

	MET SubSeconds
	16
	0-19999
	50 microseconds/tic

	Data
	2 – 4084 Bytes
	Variable
	EMFISIS Specific telemetry data


2. Housekeeping

2.1 Overview

2.2 Format

Table 3 EMFISIS Housekeeping Packet Format

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	0
	0=telemetry

	Sec. Hdr. Flag
	1
	1
	1=has secondary  header

	Application ID
	11
	280- 2BF  (hex)
	EMFISIS Instrument Allocated  message APID

	Grouping Flags
	2
	 3
	3 –  not part of group

	Sequence Count
	14
	0-16383
	Increments with each new packet

	Packet Length
	16
	33
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec)

	MET SubSeconds
	16
	0-19999
	50 microseconds/tic

	Critical HK 
	
	
	

	CDPU State
	16
	
	Status of CDPU error counters

	Operating State
	4
	0-15
	15=AHBROM

14=POST

1-13 – TBD

0=nominal

	spare
	4
	
	TDB

	A/D Chan 0
	8
	
	+5V Current

	A/D Chan 1
	8
	
	3,3V Current

	A/D Chan 2
	8
	
	1.8V Current

	A/D Chan 3
	8
	
	+13V Current

	A/D Chan 4
	8
	
	-13 V Currrent

	Commands Accepted
	8
	0-256
	

	Commands Rejected
	8
	0-256
	

	Last Command 
	16
	
	Opcode and Flags

	CDPU Status
	28
	
	

	SubCom Counter
	4
	0-15
	always 0 in AHBROM

	CDPU Status
	32
	
	subcom 8

	A/D Chan 5-8
	8
	
	subcom 4

	A/D Chan 9-16
	8
	
	subcom 8

	A/D Chan 17-24
	8
	
	Subcom 8

	Spare
	8
	
	

	Shared Data
	
	
	

	Magnetometer zero crossing time

(MET Seconds)
	8
	0-0xff
	Least Significant Byte of MET

	Magnetometer zero crossing time

(MET subseconds)
	8
	0-0x9c
	6.4 milliseconds/bit

	Magnetometer Range
	2
	0-3
	00: 256 nT

01: 4096 nT

10: not used

11: 65536 nT

	EMFISIS flags
	14
	
	TBD


3. Magnetometer 

3.1 Overview

During Normal Operations EMFISIS will produce one Magnetometer packet every 4 seconds.  The packet will contain either uncompressed or compressed data. For testing purposes, both packet types may be generated simultaneously. Compressed or uncompressed data may be enabled via Telecommand. The default condition will be to generate uncompressed data.

Section 6 describes an alternative packet format to be generated if EMFISIS is operating in FAISLAFE Mode. 

During Normal Operations each CCSDS Packet contains a  CCSDS Primary Header,  Secondary Header (MET Seconds) MET Subseconds, Data header and 768 16 bit values of magnetometer data, 256 U , 256 V and 256 W component measurements. (See Tables 1 and 2) The data is organized such that the 256 U values are first, followed by the 256 V and 256 W values.  If the values are extracted into 256 element arrays U[i], V[i],W[i] (i=0 to 255)  then the magnetometer vector corresponding to the packet time stamp will be the set of U[0],V[0],W[[0]. The time for each subsequent vector will be:

Sample Time = (Packet Time Stamp + i*(.015625)) 

(.015625 = 1/64 since there are 64 samples/second).

3.2 Uncompressed Magnetometer data.

Table 4 Uncompressed Magnetometer Data Packet Format

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	0
	0=telemetry

	Sec. Hdr. Flag
	1
	1
	1=has secondary  header

	Application ID
	11
	290  (hex)
	EMFISIS  APID

	Grouping Flags
	2
	3
	CCSDS definition of grouping flags:

3 –  not part of group

	Sequence Count
	14
	0-16383
	Increments with each new packet

	Packet Length
	16
	1545
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec)

	MET SubSeconds
	16
	0-19999
	50 microseconds/tic

	Cal Sate
	1
	0= off   1= on
	

	Range
	2
	0-3
	00: 256 nT

01: 4096 nT

10: not used

11: 65536 nT

	Spare
	29
	0
	

	Raw Mag U (256 samples)
	256*16 
	-32768 - 32767
	

	Raw Mag V (256 samples)
	256*16 
	-32768 - 32767
	

	Raw Mag W (256 samples)
	256*16 
	-32768 - 32767
	


· Packets will be generated every 4 seconds.

· The time tag will correspond to the first data sample in the packet.

· Multi-byte data quantities are transmitted Most Significant Byte First in the CCSDS Packet.

3.3 Compressed Magnetometer data.

When enabled, EMFISIS will produce apply a lossless compression algorithm to the Magnetometer data. The packet format is described in Tables 2 and 3.  The decompression algorithm is described in Sectio 4.

Table 5 Compressed Magnetometer Data Packet Format

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	0
	0=telemetry

	Sec. Hdr. Flag
	1
	1
	1=has secondary  header

	Application ID
	11
	292  (hex)
	EMFISIS  APID

	Grouping Flags
	2
	3
	CCSDS definition of grouping flags:

3 –  not part of group

	Sequence Count
	14
	0-16383
	Increments with each new packet

	Packet Length
	16
	Variable
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec)

	MET SubSeconds
	16
	0-19999
	50 microseconds/tic

	Cal Sate
	1
	0= off   1= on
	

	Range
	2
	0-3
	00: 256 nT

01: 4096 nT

10: not used

11: 65536 nT

	Spare
	29
	0
	

	Compressed  Mag U  Subpackets (256 samples) 
	Variable
	N/A
	see Table 3

	Compressed Mag V  Subpackets (256 samples) 
	Variable
	N/A
	see Table 3

	Compressed  Mag W Subpackets (256 samples)
	Variable
	N/A
	See Table 3


· Packets will be generated every 4 seconds.

· The time tag will correspond to the first data sample in the packet.

· The U,V,W component data are compressed and will produce variable length packets.  The compression/decompression algorithms are is described in Section 4.

· Multi-byte data quantities are transmitted Most Significant Byte First in the CCSDS Packet.

3.3.1 Subpacket Format

The magnetometer data is compressed into a set of subpackets.   The subpackets  are of variable length and must be decompressed in order to reproduce the original data stream.  The number of samples in a subpacket is determined by the compression algorithm and will vary. The maximum number of samples in any subpacket is 128.  Each subpacket will be padded to occupy an integral number of 32 bit words. The packet format is shown in Table 3. Reconstruction of the original data is shown in Table 4. After reconstruction, each CCSDS packet should yield 768 samples of uncompressed data corresponding to the original sets of 256 U, 256 V and 256 W components. The transition between components will always be at a subpacket boundary, that is, a subpacket will not contain more than one component type.

Table 6 Subpacket format :  (example with two compressed subpackets – first with 10 samples , second with 12)

	byte/word
	3
	2
	1
	0

	0
	Nsamp=10
	 0
	X[0][8:15]
	X[0][0:7]

	1
	C[3]
	C[2]
	C[1][8:15]
	C[1][0:7]

	2
	C[7]
	C[6]
	C[5]
	C[4]

	3
	pad
	pad
	C[9]
	C[8]

	4
	Nsamp=12
	0
	X[0][8:15]
	X[0][0:7]

	5
	C[3]
	C[2]
	C[1][8:15]
	C[1][0:7]

	6
	C[7]
	C[6]
	C[5]
	C[4]

	Nwords -1
	C[11]
	C[10]
	C[9]
	C[8]


Notes

· bits 16-23 of first 32 bit word are always 0

· pad bytes of 0 are appended to the end of the data to make the subpacket an integral number of 32 bit words.

· Multi-byte data quantities are transmitted Most Significant Byte First in the CCSDS Packet.

· The table is organized by 32 bit word ( byte numbering is WRT the 32 bit word – not packet byte order).

3.4 Magnetometer Data Decompression

The correspondence between  the Original data, the Compressed data and the Decompressed data is shown in Table 4. 

Table 7  Compression/Decompression (N=0  to # Samples -1)
	Original data value
	Compressed Data 
	Intermediate value
	Decompressed

	X[0]
	C[0] = X[0]
	
	X[0] = C[0]

	X[1]
	C[1] = X[1] – X[0] 
	S[1] = X[1] - X[0]
	X[1] = X[0] + C[1] 

	X[2]
	C[2] = X[1] + S[1] - X[2]
	S[2] = X[2] - X[1]
	X[2] = X[1] + S[1] – C[2] 

	X[3]
	C[3] = X[2] + S[2] – X[3]
	S[3] = X[3] - X[2]
	X[3] = X[2] + S[2} - C[3]

	X[N]
	C[N] = X[N-1] +S[N-1] – X[N]
	
	X[N] = X[N-1] + S[ N-1] - C[N]


Note:

· In Table X , the element of the array X are always 16 bit values. The array C represents the Compressed data and is stored in the output subpacket as either a 16 bit or 8 bit value as described below. (C[0] and C[1] are 16 bit quantities, C[2] … C[N] are 8 bit quantities.

3.4.1 Magnetometer Data Decompression Algorithm


Given a CCSDS packet containing Compressed Magnetometer data, extract the packet data size primary header. The compressed data begins 10 bytes after the  primary header or at the 16th byte of the CCSDS Packet. We need to know the number of 32 bit words to process. All Compressed magnetometer data packets will contain an integral number of 32 bit data words. 

1) Calculate Nwords (number of 32 bit words) Nwords =  (Packet Data Length -9)/4

A. This subtracts the size of Time Tag and Data header (10 Bytes)

B. If Nwords = 0 (empty packet) 

a. This is an error condition: Empty packets should not be generated.


The Compressed data begins at the 16th byte of the CCSDS Packet.

2) read 32 bit word

A. Multi-byte data quantities are transmitted Most Significant Byte First in the CCSDS Packet.

3) extract Nsamp from bits 24-31

4) extract first data value X[0] from bits 0-15

5) decrement Nsamp

6) decrement Nwords

7) If Nwords = 0 go to End of CCSDS Packet

a. If Nsamp = 0 Go to to Step 2

B. read next 32 bit word

C. extract Slope from bits 0-15

D. Uncompress X[1]= X[0] + Slope

E. decrement Nsamp

a. if Nsamp = 0

1. Decrement Nwords

2. If Nwords =0 Go To End Of CCSDS Packet

3. return to Step 2

F. extract compressed value C from bits 16-23; sign extend into 16 bit value

G. Uncompress X[2] = X[1] + Slope – C

H. Recalculate Slope = X[2] – X[1]

I. decrement Nsamp

a. if Nsamp = 0

1. Decrement Nwords

2. If Nwords =0 Go To End Of CCSDS Packet

3. return to Step 2

J. extract compressed value C from bits 24-31; sign extend into 16 bit value

K. Uncompress X[3] = X[2] + Slope – C

L. Recalculate Slope = X[3] – X[2]

M. decrement Nsamp

a. if Nsamp = 0

1. Decrement Nwords

2. If Nwords =0 Go To End Of CCSDS Packet

3. return to Step 2

N. Initialize n=4

O. Initialize ByteCount = 0

P. read next 32 bit word

Q. extract compressed value C from byte [ByteCount] of word ; sign extend into 16 bit value

R. Uncompress X[n] = X[n-1] + Slope – C

S. Recalculate Slope = X[n] – X[n-1]

T. decrement Nsamp

a. if Nsamp = 0

1. Decrement Nwords

2. If Nwords =0 Go To End Of CCSDS Packet

3. return to Step 2

U. Increment ByteCount

a. If ByteCount < 4 Go to Step 7-Q

V. Decrement Nwords:

a. If Nwords =0 Go To End Of CCSDS Packet

W. return to Step 7-O

End OF CCSDS Packet:

1) If NWORDS and Nsamp not Zero an Error has occurred

2) Done with CCSDS Packet
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Figure 1 Magnetometer Data Decompression Flowchart

3.5 Magnetometer Data Compression Algorithm


A series of Ndata 16 bit magnetometer data values is compressed using a slope/delta compression scheme. To create a compressed subpacket, the algorithm is:

1) Initialize Nsamp(subpacket sample counter)  = 0; Nwords(output 32-bit word counter) = 0

2) Store entire first sample in low 16 bits of first output word. Clear bits 16-31.

3) Increment Nsamp

4) Increment Nwords

5) Decrement Ndata – If Zero Go to End of Packet:

6) Calculate Slope = X[Nsamp] – X[Nsamp -1]

7) If | Slope | > 512  Subacket complete – Go to End of subpacket:

A. Store Slope in bits 0-15 of second word.

B. Increment Nsamp

C. Save indicator that partial word filled (2 bytes stored).

D. Decrement Ndata – If Zero Go to End of Subpacket

E. Predict next value: P = X[Nsamp -1] + Slope

F. Calculate Delta: D = P – X[Nsamp]

G. If  Delta > 127 or if Delta  <  -128 Go to End of Subpacket (note: Nsamp not incremented)

a. Recalculate Slope = X[Nsamp] – X[Nsamp -1] – save for later use

b. Store Delta in next byte of output word; increment partial word filled indicator

c. If 4 bytes stored , increment Nwords; reset partial word filled indicator.

d. Increment Nsamp

e. Decrement Ndata – If Zero Go to End of Subpacket:

f. Go back to Step 7-E

End Of Subpacket:

1. Write Nsamp into bits 25-31 of first word of subpacket.

2. If partial word indicator not zero Increment Nwords (start new subpacket on new word)

3. Return to step 1.

3.6 FAILSAFE Magnetometer data.

When EMFISIS is operating in FAILSAFE Mode, a magnetometer packet containing a single vector will be transmitted once per second.  The packet format is described in Table 5.

Table 8 FAILSAFE Magnetometer Data Packet Format

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	0
	0=telemetry

	Sec. Hdr. Flag
	1
	1
	1=has secondary  header

	Application ID
	11
	293  (hex)
	EMFISIS  APID

	Grouping Flags
	2
	3
	CCSDS definition of grouping flags:

3 –  not part of group

	Sequence Count
	14
	0-16383
	Increments with each new packet

	Packet Length
	16
	17
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec)

	MET SubSeconds
	16
	0-19999
	50 microseconds/tic

	Spare
	16
	0
	

	Cal Sate
	1
	0= off   1= on
	

	Range
	2
	0-3
	00: 256 nT

01: 4096 nT

10: not used

11: 65536 nT

	Spare
	29
	0
	

	Raw Mag U
	16 
	-32768 - 32767
	

	Raw Mag V 
	16 
	-32768 - 32767
	

	Raw Mag W 
	16 
	-32768 - 32767
	


· Packets will be generated once per second.

· The time tag will correspond to the data sample.

· Multi-byte data quantities are transmitted Most Significant Byte First in the CCSDS Packet.

· Note the insertion of a 16 bit pad value between the MET Subsecons and the remainder of the packet. This is to simplify the packet formatting in FAILSAFE mode.

4. Waves Packets

4.1 Overview

4.2 General Waves Format

Table 9 EMFISIS Waves Packet Format

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	0
	0=telemetry

	Sec. Hdr. Flag
	1
	1
	1=has secondary  header

	Application ID
	11
	0x2A0  - HFR Waveform

0x2A1  - HFR Specrta

0x2AX – HFR TBD

0x2B0  - WFR  Waveform

0x2B2  -  WFR Spec. Matrix

0x2Bx  - WFR TBD   


	EMFISIS  APID

	Grouping Flags
	2
	3
	CCSDS definition of grouping flags:

3 –  not part of group

	Sequence Count
	14
	0-16383
	Increments with each new packet

	Packet Length
	16
	13 - 4089
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec)

	MET SubSeconds
	16
	0-19999
	50 microseconds/tic

	EMFISIS

Grouping Flags
	2
	0-3
	0 = intermediate packet

1 = first packet in group

2 = last packet in group

3 = not part of a group

	Packet Type
	6
	0-63
	SeeWAVES Packet Type table

	Offset
	24
	0 - 162777215
	32 bit word offset of first data point into grouped data

	WAVES DATA
	Variable
	Variable
	12-4080 bytes of data

Content will be dependent on Packet type – See Table 10

The first 8 bytes of WAVES Data contain the Waves Header – See Table 11

	
	
	
	

	
	
	
	


Table 10 WAVES Packet Types

	Packet Type
	Contents
	Format

	0
	Raw Data – 32 Bit Integer
	

	1
	Raw Data – 32 Bit Float
	

	2
	Raw Data – 16 bit Integer
	

	3
	Raw Data – 16 Bit Float
	

	4
	Waveform – 16 Bit integer
	

	5

	FFT – 16 bit Float
	

	6
	Spectral Matrix – 16 Bit Float
	

	
	
	

	
	
	

	
	
	


Table 11 WAVES Header

	Field Description
	Size (bits)
	Value

	TBD
	60
	

	Waveform Channel #
	4
	0-5

	
	
	

	
	
	

	
	
	

	

	
	

	
	
	

	
	
	

	
	
	

	
	
	


5. Miscellaneous Packets

5.1 Memory Dump

Table 12 Memory Dump Packet Format

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	0
	0=telemetry

	Sec. Hdr. Flag
	1
	1
	1=has secondary  header

	Application ID
	11
	281 (hex)
	EMFISIS  APID

	Grouping Flags
	2
	3
	CCSDS definition of grouping flags:

3 –  not part of group

	Sequence Count
	14
	0-16383
	Increments with each new packet

	Packet Length
	16
	13 - 2057
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec)

	MET SubSeconds
	16
	0-19999
	50 microseconds/tic

	Dump Start Address
	32
	0-ffffffff
	

	DATA
	N*32
	Variable
	Up to 512 32 bit words


5.2 Waves Dump

The WAVES Dump Packet is a modified form of the generic WAVES Packet  intended for diagnostic use. The 8 Byte WAVES Header is omitted. The data type filed is used to indicated the type of data being dumped. This packet is generated in response to a WavesDump Command and is used to examine memory space within the WAVES FFT engines.

Table 13 WAVES Dump Packet

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	0
	0=telemetry

	Sec. Hdr. Flag
	1
	1
	1=has secondary  header

	Application ID
	11
	0x288  


	EMFISIS  APID

	Grouping Flags
	2
	3
	CCSDS definition of grouping flags:

3 –  not part of group

	Sequence Count
	14
	0-16383
	Increments with each new packet

	Packet Length
	16
	13 - 4089
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec)

	MET SubSeconds
	16
	0-19999
	50 microseconds/tic

	EMFISIS

Grouping Flags
	2
	0-3
	0 = intermediate packet

1 = first packet in group

2 = last packet in group

3 = not part of a group

	Packet Type
	6
	0-63
	SeeWAVES Packet Type table

	Offset
	24
	0 - 162777215
	32 bit word offset of first data point into grouped data

	WAVES DATA
	Variable
	Variable
	4-4080 bytes of data

Content will be dependent on Packet type – See Table 10

Note: there is no WAVES Headed associated with a WAVES Dump Packet.



	
	
	
	

	
	
	
	

	
	
	
	


5.3 LVPS packet

Table 14 LVPS Packet

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	0
	0=telemetry

	Sec. Hdr. Flag
	1
	1
	1=has secondary  header

	Application ID
	11
	28f (hex)
	EMFISIS  APID

	Grouping Flags
	2
	3
	CCSDS definition of grouping flags:

3 –  not part of group

	Sequence Count
	14
	0-16383
	Increments with each new packet

	Packet Length
	16
	73
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec)

	MET SubSeconds
	16
	0-19999
	50 microseconds/tic

	spare
	32
	
	TBD

	LVPS A/D Channels
	32*16
	0-ffff
	LVPS A/D data


5.4 Space Weather packet

Table 15 Space Weather Packet
	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	0
	0=telemetry

	Sec. Hdr. Flag
	1
	1
	1=has secondary  header

	Application ID
	11
	28C(hex)
	EMFISIS  APID

	Grouping Flags
	2
	3
	CCSDS definition of grouping flags:

3 –  not part of group

	Sequence Count
	14
	0-16383
	Increments with each new packet

	Packet Length
	16
	73
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec)

	MET SubSeconds
	16
	0-19999
	50 microseconds/tic

	Mag X Component
	16
	
	

	Mag Y Component
	16
	
	

	Mag Z Component
	16
	
	

	Waves Parameter 1
	16
	
	

	Waves Parameter 2
	16
	
	

	Waves Parameter 3
	16
	
	

	Waves Parameter 4
	16
	
	

	Waves Parameter 5
	16
	
	

	Waves Parameter 6
	16
	
	


5.5 OSP

6. Commands

6.1 Overview

6.2 Time and Status

Table 16 Time and Status Message

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Packet Type
	1
	1 
	1=telecommand

	Sec. Hdr. Flag
	1
	1
	1=has sec. header

	Application ID
	11
	0x100
	Spacecraft Time and Status Message APID

	Grouping Flags
	2
	3
	3 = Not part of group

	Sequence Count
	14
	0-16383
	Increments with each new pkt

	Packet Length
	16
	33
	Data size, number of bytes following the “Packet Length” field minus 1.

	MET Seconds
	32
	0 – 4294967295
	Mission Elapsed Time (sec), indicates the MET time at the previous 1PPS signal.  The time at the next 1PPS can be obtained by adding 1 to this value.

	Thruster Arm Status
	1
	0-1
	0 – Indicates thrusters are not armed and it is safe for instruments to operate.

1 - Indicates that thrusters are armed for an impending propulsion event 

This bit will be asserted at least 1 spin prior to the firing of thrusters.

	Instrument Shutdown Warning
	1 
	0-1 
	1=instrument will be shutdown 15 seconds (TBR) after bit is asserted.  However, Instruments must be capable of being turned off w/o warning.

	Eclipse Status
	1
	0-1
	Indicates the eclipse status of the spacecraft (0=non-eclipse, 1=eclipse).

	Spacecraft C&DH Reset Status
	1
	0-1
	Indicates if the C&DH has reset which causes a loss of instrument time-tagged commands.

(0=no reset, 1=reset has occurred)

	Spin Period Validity
	1
	0-1
	Indicates the validity of the Spin period data

(0 = invalid   1 = valid)

	Spin Phase Validity
	1
	0-1
	Indicates the validity of the Spin phase data

(0 = invalid   1 = valid)

	Spare
	10
	0
	Spare bits, always zero (0)

	Spin Period
	16 
	0 – 65535
	Indicates the spin rate of the spacecraft. The value is provided as an unsigned scaled integer (0 – 65535 = 0 – 20.97 seconds).  Hardware timer is a period with 20usec resolution.  Most significant bits provide a period with 320usec resolution for spin period to ~21 sec.

	Spin Phase
	16  
	0 – 65535
	Indicates the spin phase of the spacecraft (at the next 1 PPS) (TBR) The value is provided as an unsigned scaled integer (0 – 65535 = 0 – 360 deg) 

	ECT SSR Status
	8
	0-255
	Percent full (0 = 0%, 255 = 100%) [TBR]

	EFW SSR Status
	8
	0-255
	Percent full (0 = 0%, 255 = 100%) [TBR]

	EMFISIS Survey SSR Status
	8
	0-255
	Percent full (0 = 0%, 255 = 100%) [TBR]

	EMFISIS Burst SSR Status
	8
	0-255
	Percent full (0 = 0%, 255 = 100%) [TBR]

	RBSPICE SSR Status
	8
	0-255
	Percent full (0 = 0%, 255 = 100%) [TBR]

	RPS SSR Status
	8
	0-255
	Percent full (0 = 0%, 255 = 100%) [TBR]

	ECT Shared Data
	48
	[TBD by IDT]
	Shared Burst information provide by ECT.  <Definition provided by ECT>

	EFW Shared Data
	32
	[TBD by IDT]
	Shared Burst information provide by EFW.

<Definition provided by ECT>

	EMFISIS Shared Data
	32
	[TBD by IDT]
	Shared Magnetic Field, Magnetometer Gain and <Burst information  provided by EMFISIS>

	RBSPICE Shared Data
	16
	[TBD by IDT]
	Shared Burst information provide by RBSPICE <Definition provided by RBSPICE>

	SPARE
	16
	0
	2 Bytes of spared 

[Total message length = 40 bytes]


6.3 EMFISIS Telecommands

Table 17 Generic EMFISIS Telecommand

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	1 
	1=telecommand

	Sec. Hdr. Flag
	1
	1
	1=has sec. header

	Application ID
	11
	640 - 703 (dec)

280- 2BF  (hex)
	EMFISIS Instrument Allocated command message APID

	Grouping  Flags
	2
	0 – 3
	CCSDS Grouping Flags:

0 = Intermediate Packet

1 = First Packet in group

2 = Last packet in group

3 = Not part of group

	Sequence Count
	14
	0 - 16383
	Increments with each new packet (1)

	Packet Length
	16
	3 - 249
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec) = Time-Tag for stored commands, A value of 0 indicates the command is to be sent in real time.

	Function Code
	8
	Variable
	EMFISIS data portion of command packet as defined by instrument (2)

	Flags
	8
	
	

	Command Data
	0-244 byte
	
	

	Notes:

 (1) The sequence counts on commands do not increment smoothly when there is a mixture of real-time and time-tagged instrument commands.  Each of these command sources maintains it own command sequence count.

(2)  Command packets will not span ITFs and ITFs will not span 1 PPS boundaries


6.4 NOP

Table 18 NOP

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	1 
	1=telecommand

	Sec. Hdr. Flag
	1
	1
	1=has sec. header

	Application ID
	11
	280 - (hex)
	EMFISIS Instrument Allocated command message APID

	Grouping  Flags
	2
	3
	CCSDS Grouping Flags:

3 = Not part of group

	Sequence Count
	14
	0 - 16383
	Increments with each new packet 

	Packet Length
	16
	5
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec) = Time-Tag for stored commands, A value of 0 indicates the command is to be sent in real time.

	Function Code
	8
	0
	

	Flags
	8
	0
	Always 0

	
	
	
	


6.5 Reset

Table 19 Reset

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	1 
	1=telecommand

	Sec. Hdr. Flag
	1
	1
	1=has sec. header

	Application ID
	11
	280 - (hex)
	EMFISIS Instrument Allocated command message APID

	Grouping  Flags
	2
	3
	CCSDS Grouping Flags:

3 = Not part of group

	Sequence Count
	14
	0 - 16383
	Increments with each new packet 

	Packet Length
	16
	5
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec) = Time-Tag for stored commands, A value of 0 indicates the command is to be sent in real time.

	Function Code
	8
	1
	

	Flags
	8
	
	0x0 – normal RESET

0x1 – Boot to AHBROM

0x2 – Boot to alternate Address

	Checksum
	16
	
	XOR of 16 bits containing FC and Flags with 0xBEEF


6.6 Write Enable 

Table 20 Write Enable

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	1 
	1=telecommand

	Sec. Hdr. Flag
	1
	1
	1=has sec. header

	Application ID
	11
	280 - (hex)
	EMFISIS Instrument Allocated command message APID

	Grouping  Flags
	2
	3
	CCSDS Grouping Flags:

3 = Not part of group

	Sequence Count
	14
	0 - 16383
	Increments with each new packet 

	Packet Length
	16
	5
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec) = Time-Tag for stored commands, A value of 0 indicates the command is to be sent in real time.

	Function Code
	8
	2
	

	Flags
	8
	
	TBD

	Checksum
	16
	
	XOR of 16 bits containing FC and Flags with 0xBEEF


6.7 Peek

Table 21 Peek

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	1 
	1=telecommand

	Sec. Hdr. Flag
	1
	1
	1=has sec. header

	Application ID
	11
	280 - (hex)
	EMFISIS Instrument Allocated command message APID

	Grouping  Flags
	2
	3
	CCSDS Grouping Flags:

3 = Not part of group

	Sequence Count
	14
	0 - 16383
	Increments with each new packet 

	Packet Length
	16
	9
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec) = Time-Tag for stored commands, A value of 0 indicates the command is to be sent in real time.

	Function Code
	8
	3
	

	Flags
	8
	0
	Always 0

	Address
	32
	
	Address to be read. Contents of Address are reported via a Memory Dump Packet


6.8 Poke

Table 22 Poke

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	1 
	1=telecommand

	Sec. Hdr. Flag
	1
	1
	1=has sec. header

	Application ID
	11
	280 - (hex)
	EMFISIS Instrument Allocated command message APID

	Grouping  Flags
	2
	3
	CCSDS Grouping Flags:

3 = Not part of group

	Sequence Count
	14
	0 - 16383
	Increments with each new packet 

	Packet Length
	16
	13
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec) = Time-Tag for stored commands, A value of 0 indicates the command is to be sent in real time.

	Function Code
	8
	4
	

	Flags
	8
	
	0=normal POKE

1=OR

2=XOR

3=AND

	Address
	32
	
	Address to be written to.  After write, the contents of the Address are  reported via a Memory Dump Packet

	Value
	32
	
	Value to use in operation on Address


6.9 Jump

Not implemented

6.10 MagPacketType

Table 23 MagPacketType

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	1 
	1=telecommand

	Sec. Hdr. Flag
	1
	1
	1=has sec. header

	Application ID
	11
	280 - (hex)
	EMFISIS Instrument Allocated command message APID

	Grouping  Flags
	2
	3
	CCSDS Grouping Flags:

3 = Not part of group

	Sequence Count
	14
	0 - 16383
	Increments with each new packet 

	Packet Length
	16
	5
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec) = Time-Tag for stored commands, A value of 0 indicates the command is to be sent in real time.

	Function Code
	8
	0x20
	

	Packet type
	8
	
	0=none

1=Uncompressed Only

2=Comressed Only

3= Both


6.11 UploadAbort

Table 24 UploadAbort

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	1 
	1=telecommand

	Sec. Hdr. Flag
	1
	1
	1=has sec. header

	Application ID
	11
	280 - (hex)
	EMFISIS Instrument Allocated command message APID

	Grouping  Flags
	2
	3
	CCSDS Grouping Flags:

3 = Not part of group

	Sequence Count
	14
	0 - 16383
	Increments with each new packet 

	Packet Length
	16
	5
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec) = Time-Tag for stored commands, A value of 0 indicates the command is to be sent in real time.

	Function Code
	8
	0x7c
	

	Flags
	8
	
	TBD

	
	
	
	

	
	
	
	


6.12 UploadData

Table 25 UploadData

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	1 
	1=telecommand

	Sec. Hdr. Flag
	1
	1
	1=has sec. header

	Application ID
	11
	280 - (hex)
	EMFISIS Instrument Allocated command message APID

	Grouping  Flags
	2
	3
	CCSDS Grouping Flags:

3 = Not part of group

	Sequence Count
	14
	0 - 16383
	Increments with each new packet 

	Packet Length
	16
	9-xxx
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec) = Time-Tag for stored commands, A value of 0 indicates the command is to be sent in real time.

	Function Code
	8
	0x8d
	

	unused
	8
	0
	Always 0

	Data
	N*32
	
	N 32 bit words to be loaded to address specified by Upload Start Command. Multiple Uplad Data commands may be send to complet the upload.

	
	
	
	


6.13 Upload Start

Table 26 UploadStart

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	1 
	1=telecommand

	Sec. Hdr. Flag
	1
	1
	1=has sec. header

	Application ID
	11
	280 - (hex)
	EMFISIS Instrument Allocated command message APID

	Grouping  Flags
	2
	3
	CCSDS Grouping Flags:

3 = Not part of group

	Sequence Count
	14
	0 - 16383
	Increments with each new packet 

	Packet Length
	16
	13
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec) = Time-Tag for stored commands, A value of 0 indicates the command is to be sent in real time.

	Function Code
	8
	0x80
	

	Unused
	8
	0
	Always 0

	Upload Start Address
	32
	
	Address to begin Load

	Load Length
	32
	
	Number of 32-bit words in Load.


6.14 MemoryDump

Table 27 MemoryDump

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	1 
	1=telecommand

	Sec. Hdr. Flag
	1
	1
	1=has sec. header

	Application ID
	11
	280 - (hex)
	EMFISIS Instrument Allocated command message APID

	Grouping  Flags
	2
	3
	CCSDS Grouping Flags:

3 = Not part of group

	Sequence Count
	14
	0 - 16383
	Increments with each new packet 

	Packet Length
	16
	13
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec) = Time-Tag for stored commands, A value of 0 indicates the command is to be sent in real time.

	Function Code
	8
	0x80
	

	Flags
	8
	
	TBD

	Dump  Start Address
	32
	
	Address to begin Memory Dump

	Dump Length
	32
	
	Number of 32-bit words to dump.


6.15 WavesDump

Table 28 WavesDump

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	1 
	1=telecommand

	Sec. Hdr. Flag
	1
	1
	1=has sec. header

	Application ID
	11
	280 - (hex)
	EMFISIS Instrument Allocated command message APID

	Grouping  Flags
	2
	3
	CCSDS Grouping Flags:

3 = Not part of group

	Sequence Count
	14
	0 - 16383
	Increments with each new packet 

	Packet Length
	16
	13
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec) = Time-Tag for stored commands, A value of 0 indicates the command is to be sent in real time.

	Function Code
	8
	0x81
	

	Type
	8
	0
	Waves Data Type – See table 10

	Dump Start Address
	32
	
	Start Address for Dump of WAVES data

	Dump Length 
	32
	
	Number of 32-bi words to Dump.


6.16 EnableWavesInterrupt

Table 29 EnableWavesInterrupt

	Field Description
	Size (bits)
	Value
	Note

	CCSDS Version
	3
	0
	Value is always zero (0)

	Pkt Type
	1
	1 
	1=telecommand

	Sec. Hdr. Flag
	1
	1
	1=has sec. header

	Application ID
	11
	280 - (hex)
	EMFISIS Instrument Allocated command message APID

	Grouping  Flags
	2
	3
	CCSDS Grouping Flags:

3 = Not part of group

	Sequence Count
	14
	0 - 16383
	Increments with each new packet 

	Packet Length
	16
	13
	Data size, number of bytes following the “Packet Length” minus 1, (value is always ODD)

	MET Seconds
	32
	0 – 4294967295
	Packet Time (sec) = Time-Tag for stored commands, A value of 0 indicates the command is to be sent in real time.

	Function Code
	8
	0x83
	

	WAVES interrupt MASK
	8
	0
	Bit 0 = IRQA – 0=disable 1= enable

Bit 1 = IRQB – 0=disable 1= enable

Bit 2 = IRQC – 0=disable 1= enable

Bit 3 = IRQD – 0=disable 1= enable
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