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Scope

This document describes extensively the telecommanding interface for the SOIR instrument and the structuring of the telemetry data packages.
1.1 Applicable documents
	AD1
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1.2 Reference documents

	RD1
	
	

	RD2
	
	

	RD3
	
	

	RD4
	
	

	RD5
	
	


Most important abbreviations
	Acronym
	Description

	ADC
	Analog to Digital Converter

	AOTF
	Acousto-optic tunable filter

	AQAP
	Allied Quality Assurance Program

	BE
	Bloc Electronique

	BIRA
	Belgisch Instituut voor Ruimte-Aëronomie

	BBM
	Breadboard Model

	BOL
	Beginning of life

	CCD
	Charge Coupled Device

	CDR
	Critical Design review

	DDR
	Detailled Design Review

	DM
	Demonstration Model

	DPU
	Data or Dedicated Processor Unit

	EGSE
	Electrical Ground support Equipment

	EM
	Electrical Model

	EMC
	Electromagnetic Compatibility

	EMI
	Electromagnetic Interference

	EOL
	End of life

	FM
	Flight Model

	FPGA
	Field Programmable Gate Array

	FWHM
	Full Width Half Maximum

	GSE
	Ground support Equipment

	IASB
	Institut d’Aéronomie Spatiale de Belgique

	ICD
	Interface Control Document

	IDM
	Improved Demonstration Model

	I/F
	Interface

	I/O
	Input/Output

	IR
	Infrared

	IRR
	Instrument Requirements Review

	MCT
	Mercury Cadmium Telluride

	MEX
	Mars Express

	MIP
	Mandatory Inspection Point

	MOC
	Mission Operation Center

	MWIR
	Mid Wavelength InfraRed

	MTF
	Modulation Transfer Function

	NA
	Not Applicable

	NC
	Non conformity

	NCR
	Non conformance Report

	NIR
	Near Infrared

	OGSE
	Optical ground Support Equipment

	SA
	Service d’Aeronomie du CNRS

	S/C
	Spacecraft

	SPICAM
	Spectroscopy for the  Investigation of Characteristics of the Atmosphere of Mars

	SPICAV
	Spectroscopy for the  Investigation of Characteristics of the Atmosphere of Venus

	SIR
	Spicav Sensor IR

	SOIR
	Solar Occultation InfaRed

	SUV
	Spicav Sensor UV

	SU
	Spicav Sensor Unit

	SM
	Structural Model

	TBC
	To Be Confirmed

	TBD
	To Be Defined

	TBS
	To Be Specified

	TC
	Telecommand

	TM
	Telemetry

	UV
	Ultra Violet

	VEX
	Venus Express


2 Basic assumptions:

2.1 Assumptions on operational phases:

The SOIR instrument executes two operational phases in sequence:

· Pre-cooling phase with duration T1
· Observation phase with duration T2
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Figure 3‑1 SOIR operational phases

2.1.1 Pre-cooling phase:

One set of particular settings for the desired cooler and AOTF power levels is applied (cooler open or closed loop controlled).    

Only housekeeping is sent and hence the spectral component of the TM will be missing.
2.1.2 Observation phase:

The observation phase is divided in a series of time equidistant observations. At present the observation spacing is equal to 1 second.
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Figure 3‑2 SOIR observation phase division into N observations
These observations are each composed of a number of spectral recordings packed into a single TM packet, together with housekeeping information related to the observation.

Spectra recordings contained within one observation may be taken in either of 3 ways:

· AOTF frequency hopping:

During each observation up to 4 random AOTF frequencies (hopping) and hence non-contiguous small wavelength domains are recorded.
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Figure 3‑3 Frequency hopping  principle; example of observations divided in 3 spectral recordings

· Single parameter stepping:

During each observation a series of up to 4 wavelength domains are recorded. The parameters defining each of the domains are identical, except one which is incremented by a fixed amount from domain to domain.

A TC parameter flag (SPSS) will indicate if the parameter stepping either continues in the next observation or is reset to a value specified by TC. This allows either covering a large parameter value range spread over multiple observations or observing the same parameter value range during every observation.

This mode of operation is useful during testing and commissioning, for example: to find the optimum detector integration time or to cover a contiguous wavelength range.

The case of AOTF frequency stepping is a case wherein the AOTF frequency is incremented by a fixed frequency step for each sequential spectral domain, while all other parameters remain unchanged.

During each observation a series of up to 4 contiguous wavelength domains are recorded, for example to observe a larger contiguous part of the solar spectrum.

The frequency stepping either continues in the next observation or is reset to a value specified by TC. The result is: either covering a large wavelength domain spread over multiple observations or observing the same multiple wavelength domains during every observation.
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Figure 3‑4 Frequency stepping principle; example of observations divided in 3 spectral recordings. Two possible cases are shown.
· Automatic window stepping:

The detector is read-out completely by reading sequentially windows of a fixed height (fixed to 8 lines).
Each observation corresponds to a window composed of 8 detector lines.

Observations start with the detector window positioned at line 1 and for subsequent observations the window is shifted by 8 lines. In total 32 observations are required to read out the complete detector array.

The following parameters are forced:
· NRSD forced to all 0’s
· DWYA forced to all 0’s
· DCBF forced to all 0’s

· DWNL forced to 7 (00111): 8 lines are read out.
See also § 4.2 for explanation of the parameters.
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Figure 3‑5 Automatic window stepping principle
2.2 Assumptions on SOIR TC & TM:

After power-up 2 types of TC packets are sent to SOIR by the SPICAV DPU: the first type contains all parameters related to the pre-cooling phase of the SOIR detector system and the second type contains all the parameters to define the operation of SOIR observation phase.
The first time the TC packet of type 1 is received after power-up its contents are interpreted by the SOIR TC logic and used to define and start the pre-cooling phase.
All TC packets of type 1 including the first one are invitations to send TM packets that do not contain scientific data.

As soon as a type 2 TC packet is received the SOIR pre-cooling phase is terminated and the observation phase is started with the parameters contained in this packet.
All TC packets of type 2 are considered as invitations to send TM packets that contain scientific data.
The sending of a TC packet of type 1 during the operational phase, instead of a type 2 packet, will end the operational phase as if the instrument would have been switched OFF. During flight the DPU will never send such a terminating packet, but during ground testing this feature may be used to start a new test without a power down.
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Figure 3‑6 TC packet type usage
3 SOIR TC parameter description:
3.1 TC parameters contained in TC packets of type 1:

3.1.1 Header:

· One byte containing the TC type (0001) and its complement (1110)
3.1.2 Time information:

· Spacecraft Time generated by DPU (6 byte format used by spacecraft)
3.1.3 Generic TC parameters:

· FPGA reset RST:

Implemented as triple majority flag (RST1, RST2, RST3)

This flag allows resetting the SOIR FPGA as if a power OFF – power ON sequence had been executed. It is used during testing only to avoid that for running SOIR with different parameters the instrument should be switched OFF.

	Value
	Description

	0 
	To be used after power ON.

Pre-cooling is started and runs until a type 2 TC is received.

	1
	To be used when an operational phase is already active.

FPGA is reset and power ON is simulated.

Pre-cooling is started and runs until a type 2 TC is received.


· Cooler enable/disable flag CED:

Implemented as triple majority logic flag (CED1,CED2, CED3).
This allows overriding the cooler enable during all operational phases, independently of other TC parameters. To be used during tests or commissioning.

	Value
	Description

	0 = disabled
	Cooler disabled during all phases, independently of parameter settings.
Detector power may never be applied.

	1 = nominal
	No influence


Important remark:

In case the cooler is disabled the detector power may NOT be switched on at the end of precooling!

· AOTF enable/disable flag AED:

Implemented as triple majority logic flag (AED1,AED2, AED3).

This allows overriding the AOTF enable during all operational phases, independently of other TC parameters. To be used during tests or commissioning.
	Value
	Description

	0 = disabled
	AOTF disabled during all phases, independently of parameter settings

	1 = nominal
	No influence


3.1.4 TC parameters contained in type 1 TC packets related to Pre-cooling Phase:
· T1: Duration of the pre-cooling phase, expressed in multiples of 10 sec

Value range: 0..255 (8 bits)
A value of 0 indicates that pre-cooling must be skipped.

Allows for cooling during 42.5 minutes (a typical value is 10 minutes).
The detector is only powered after the first half of T1 in order to protect against detector operation at high temperatures.
This parameter is not used by SOIR, but is extracted by the DPU in order to determine the timing for the sending of a type 2 TC to SOIR and to start the observations by the other subassemblies of SPICAV.

· Cooler LooP flag CLP

Implemented as triple majority logic flag (CLP1,CLP2, CLP3).

This flag allows forcing the detector cooler loop in either open or closed loop control.

	Value
	Description

	0 = open loop
	Cooler loop is open.

Cooler power is controlled directly by the value of the FPAT1 parameter

	1 = closed loop
	Cooler loop is closed.
Cooler power is controlled by the control loop which is driven by the error between the measured temperature of the Focal Plane Array and the parameter FPAT1


· Cooler Loop Coefficient 1 (C1)
Value range: 0..1023 (10 bits)
· Cooler Loop Coefficient 2 (C2)
Value range: 0..1023 (10 bits)
· Cooler Loop Coefficient 3 (C3)
Value range: 0..1023 (10 bits)
C1, C2 and C3 are loop stability parameters used by the cooler control loop processor.
· Focal Plane Array Temperature 1  (FPAT1)
Value range: 0..4095 (12 bits)

In open loop this parameter controls the cooler power directly via the setting of the DAC value.
In closed loop this parameter is the setting of the desired Focal Plane Array temperature.

· Pre-cooling AOTF power (PCAP):

Value range: 1..255 or 0 = OFF (8 bits)
Important remark:

During precooling the AOTF frequency is set to an arbitrary fixed value of TBD.
3.2 TC parameters contained in type 2 TC packet related to Observation Phase:

3.2.1 Header:

· One byte containing the TC type (0010) and its complement (1101).
3.2.2 General AOTF stepping related parameters:
· Domain parameter sequence strategy DPSS:
	Value
	Meaning

	0
	No parameter stepping.

	1
	Single parameter stepping in fixed steps.

Repeated during each observation.


· Single parameter stepping strategy SPSS: only valid during single parameter stepping
	Value
	Meaning

	0
	The single parameter is reset to start value when an observation starts. 

Same parameter sequence is repeated during each observation.

	1
	Single parameter is not reset to start value when an observation starts. .


· Detector window stepping strategy DWSS:

	Value
	Meaning

	0
	Nominal case.

The same detector window is always read out.

	1
	Automatic window stepping

Special case allowing checking complete focal plane image.

The AOTF is operated at 1 particular frequency only and 1 observation corresponds to the read-out of 1 detector window.

Observations start with the detector window positioned at line 1 and for subsequent observations the window is shifted by 8 lines. 


Table 4‑1 Summary of  possible combinations of the DWSS, DPSS and SPSS parameters. X is  either 0 or 1.

	DWSS
	DPSS
	SPSS
	Comments

	0
	0
	X
	Always the same detector window.

Nominal case = AOTF frequency hopping (random).

No parameter stepping.

	
	1
	0
	Always the same detector window.

Single parameter stepping (a special case is AOTF frequency stepping).

Parameter is stepped within an observation, but returns to initial value when the next observation begins.

	
	
	1
	Always the same detector window.

Single parameter stepping (a special case is AOTF frequency stepping).

Parameter is stepped, but does not return to its initial value when the next observation begins.

Beware for parameter overflow.

	1
	X
	X
	Automatic window stepping.


3.2.3 Parameters needed during testing:

· DEtector Data Source DEDS:

	Value
	Meaning

	0
	SOFRADIR detector is the data source.

	1
	Simulated detector output.


· Domain parameter sequence strategy Detector Data Valid Source:

	Value
	Meaning

	0
	SOFRADIR detector is data valid source

	1
	Simulated detector data valid.


3.2.4 TM related parameters:

· Science data size SCDS:

Value range: 0..3 (2 bits)

This parameter fixes the allowed scientific data telemetry volume. Its value is also reflected in the TM identifier.
The value of the parameter does not influence the operation of the FPGA, but is only reflected in the TMID field of the TM packet that is used by the SPICAV DPU. See also 7.1.2. 
	SCDS
	Meaning

	0
	During pre-cooling phase.

No science data.

	1
	During observation phase.

Science data limited to 960 bytes (25 % of max)

	2
	During observation phase.

Science data limited to 1920 bytes (50 % of max)

	3
	During observation phase.

Science data limited to 3840 bytes (320 x 8 x 12 bits)


3.2.5 General detector read-out related parameters:

· Number of lines per detector read-out window DWNL:

Value range: 1..32 lines, encoded as 0...31 (5 bits)
Number = DWNL + 1.

The number of pixels along a line is not programmable by TC and is forced equal to 320.
· Position of read-out window DWYA : = YA of corner point A

Value range: 0..255

Based on this and the preceding parameter the SOIR FPGA computes the (XA, YA) and (XB, YB) parameters for the detector window.

XA is always equal to 0 and XB is always equal to 319.

YB = YA + Number of lines per detector read-out window
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Figure 4‑1Detector pixel and window addressing expressed in detector coordinates. Dewar axis definition shown for reference.
· Detector gain flag DEGF:

	Value
	Pixel capacitance [pF]
	Full well

[106 electrons]

	0
	0.7
	12 

	1
	2.1
	37


· Detector video amplifier flag DVAF:

	Value
	Video input to ADC

	0
	Raw detector data

	1
	Shifted and amplified detector data


· Detector column binning factor DCBF:
Number of pixels to be binned (grouped and added) along detector columns (spectral lines) to form rectangular superpixels.
Value range: 1..32, encoded as 0..31 (5 bits)
Binning factor = DCBF + 1.
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Figure 4‑2 Example of binning of 10  detector column pixels into 2 superpixels of 5  pixels each.
· Number of different domains to be measured in sequence per observation NRSD:

 Value range: 1..4, encoded as 0..3 (2 bits)
Number = NRSD + 1.

· Time gap between setting of AOTF frequency and  detector read-out TGSD:
Defines the time gap between setting of AOTF frequency and  the start of detector read-out for each spectral domain located within one observation.

Value range: 0 to  127 msec (7 bits)
· Focal Plane Array Temperature 2 ( FPAT2):

Value range: 0..4095 (12 bits)
This parameter is similar to FPAT1.

When in open loop during the Observation Phase FPAT2 controls directly the value of the cooler DAC. It allows then to set a different cooler power value during this phase.
In closed loop the parameter FPAT2 is NOT used!
· TM spectral content selection TMSC:
Two cases exist:
a) Spectra read-out from detector are sent through telemetry as is.

b) After the recording of each spectrum with the AOTF ON, another background spectrum is taken immediately thereafter with the AOTF OFF and both are subtracted before the result is sent through telemetry.  

	Value
	Spectral output to TM

	0
	Spectrum data

	1
	Spectrum - background


Remark 1:
One can always organize the parameters for the 4 possible spectral domains such that in one of several domains the AOTF is OFF and in the others not. In this way background information may be forced to be sent through TM as well.

3.2.6 Parameters related to observations:

3.2.6.1 Case Frequency hopping:

Up to 4 distinct spectral domains may be recorded during each observation.

For each spectral domain the following parameters are defined; hence, there are 4 parameter groups with an identical structure.
For each spectral domain 1 to 4:

· AOTF frequency setting AOFS1..4:
Value range: 32 bit value
Determines the AOTF frequency and hence the selected echelle grating order
· AOTF power setting AOPS1..4:

Value range: 1..255 or 0 = OFF

· Detector integration time DEIT1..4:

Value range: 3..2M-1 detector clock units (M=22; 22 bits)

This range allows integration times from 3 µsec up to 4.194 sec, assuming a detector read-out rate of 1MHz. 
· Number of accumulations NRAC1..4:

Value range: 1..255

Number of times each spectrum or <spectrum – background> is accumulated in the FPGA memory before sending it to TM. This technique is applied for signal-to-noise ratio improvement.
The effective value of the number of accumulations (factor by which we must divide the spectrum sent by TM to get a mean value) is:

(NRACx – 1)  if NRACx > 1

NRACx        if NRAC = 1

Internally the FPGA executes exactly NRACx accumulations, but the first detector read-out is always overwritten by the second one in order to eliminate certain detector effects.
3.2.6.2 Case Single parameter stepping:

Up to 4 domains, wherein a single parameter is incremented, may be recorded during each observation.

This parameter structure overlaps with the structure foreseen for the case of frequency hopping.

For spectral domain 1:

The parameters are identical as defined for the case frequency hopping. The corresponding values are either the start value of the parameter that will be stepped or the constant value of the non-stepped parameters.
For spectral domain 2:
· The parameter that has to be stepped has a value equal to the step value.
· All other parameters are equal to 0.

For spectral domain 3:

· The parameter that has to be stepped has a value equal to its maximum allowable value.

· All other parameters are equal to 0.

When the maximum value is reached the stepped parameter is reset to its start value.

For spectral domain 4: parameters not used.
3.2.6.3 Case Automatic Window Stepping:

This is the special case allowing checking complete focal plane image.

The AOTF is operated at a fixed frequency all the time.

The detector window height is fixed to 8 lines, in accordance with the available FPGA RAM memory and the TM format.

Each observation corresponds hence to 8 detector lines.

Observations start with the detector window positioned at line 1 and for subsequent observations the window is shifted by 8 lines. In total 32 observations are required to read out the complete detector array.
3.2.6.4 Observation phase duration T2:

The total duration T2 of the observation phase is defined by the time difference between the reception of the first TC packet of type 2 and the moment of SOIR switch off. 

The gap between spectral domains should be trimmed to be compatible with the selected detector integration time, the number of spectrum accumulations per spectrum and any additional overhead for AOTF frequency switching and detector configuration.

4 SOIR TC packet structure details:

Remark: R = Reserved for future use; X = either 0 or 1.
4.1 TC packet of type 1:
	16 bit

Word #
	Bit 15 = MSB
	Bit 14
	Bit 13
	Bit 12
	Bit 11
	Bit 10
	Bit 9
	Bit 8
	Bit 7
	Bit 6
	Bit 5
	Bit 4
	Bit 3
	Bit 2
	Bit 1
	Bit 0

= LSB

	1
	0
	0
	0
	1
	1
	1
	1
	0
	AED1
	AED2
	AED2
	CED1
	CED2
	CED3
	X
	X

	2
	MS Word of time seconds information

	3
	LS Word of time seconds information

	4
	Time fraction (2-16 sec units)

	5
	RST1
	RST 2
	RST 3
	CLP1
	CLP 2
	CLP 3
	Cooler loop coefficient C1 10 bits

	6
	MS bits of FPAT1     6 bits
	Cooler loop coefficient C2 10 bits

	7
	LS bits of FPAT1      6 bits
	Cooler loop coefficient C3 10 bits

	8
	Pre-cooling AOTF power PCAP      8 bits 
	Pre-cooling duration T1      8 bits


4.2 TC packet of type 2:
	16 bit

Word #
	Bit 15 = MSB
	Bit 14
	Bit 13
	Bit 12
	Bit 11
	Bit 10
	Bit 9
	Bit 8
	Bit 7
	Bit 6
	Bit 5
	Bit 4
	Bit 3
	Bit 2
	Bit 1
	Bit 0

= LSB

	1
	0
	0
	1
	0
	1
	1
	0
	1
	TMSC
	TGSD

	2
	DWSS
	DPSS
	SPSS
	DWNL
	DWYA

	3
	DEDS
	DDVS
	R
	DCBF
	DEGF
	DVAF
	R
	R
	R
	R
	NRSD

	4
	SCDS
	R
	R
	FPAT2    12 bits

	5
	16 MS bits of  AOFS1

	6
	16 LS bits of   AOFS1 

	7
	AOPS1
	8 MS bits of DEIT1

	8
	16 LS bits of DEIT1

	9
	NRAC1 
	8 MS bits of  AOFS2

	10
	Next 16bits of   AOFS2

	11
	8 LS bits of AOTFS2
	AOPS2

	12
	16 MS bits of DEIT2

	13
	8 LS bits of DEIT2
	NRAC2

	14
	16 MS bits of  AOFS3

	15
	16 LS bits of   AOFS3 

	16
	AOPS3
	8 MS bits of DEIT3

	17
	16 LS bits of DEIT3

	18
	NRAC3 
	8 MS bits of  AOFS4

	19
	Next 16bits of   AOFS4

	20
	8 LS bits of AOTFS4
	AOPS4

	21
	16 MS bits of DEIT4

	22
	8 LS bits of DEIT4
	NRAC4


5 Typical SOIR TC packet cases:

5.1 Case 1:
TBD in next release 

5.2 Case 2:
TBD in next release 

5.3 Case 3:  

TBD in next release 

6 SOIR TM field description:

The length of the SOIR TM packet sent to the SPICAV DPU is determined by the maximum allowed packet size – the overhead.
We assume that the maximum SOIR TM packet length is ??? and that all TM packets sent by SOIR to the DPU have equal length. Part of the content may however be meaningless and be stripped off by the DPU.
The difference between the possible SOIR TM packets is indicated by the TM identifier field and the Spectrum data length field. 
A TM packet is sent to the DPU as soon as an invitation to send is received. Its content is related to the previous observation in case of the observation phase and to the measurement of housekeeping data during the previous second during pre-cooling phase.
6.1.1 Spectral data exponent (SDEXP):

Value range: 0..15 (4 bits)

This corresponds to the number of right shifts accumulated spectral data underwent before it fitted in the 12 bit field reserved for spectral data.
6.1.2 TM identifier field TMID:

A one byte identifier indicating to the DPU what is the usage of the packet.
Its value is imposed by the parameter Science data size SCDS defined in TC2. It overrides the influence of all other TC parameters on TM size.

This means that the parameters which determine the number of pixels being read-out and their accumulation must be in accordance with the selected TM volume.
	TMID
	Meaning

	0
	During pre-cooling phase.

Only Housekeeping. No science data.

	1
	During observation phase.

Housekeeping and science data.
Science data limited to 960 bytes (25 % of max)

	2
	During observation phase.

Housekeeping and science data.

Science data limited to 1920 bytes (50 % of max)

	3
	During observation phase.

Housekeeping and science data.

Science data limited to 3840 bytes (320 x 8 x 12 bits)


6.2 Copy of TC packet CPTC:

· 44 bytes

· Copy of TC packet that was the invitation to send.

· Allows to store a copy of either TC packet type 1 or 2.

Remark 1: The following field in the copy of the TC packets of type 2 gets a different meaning during window stepping. DWYA contains in this case the line number corresponding to the first line of the observed window.

Remark 2: The following fields in the copy of the TC packets of type 2 have a different meaning during single parameter stepping.

· AOFS4 contains in this case the current frequency setting;
· AOPS4 contains in this case current AOTF power setting;

· DEIT4 contains in this case current integration time setting;

· NRAC4 contains in this case current number of accumulations setting.
6.3 Auxiliary (Housekeeping) data AUXD1..16:

· Sixteen 16-bit words (32 bytes) containing housekeeping data about 16 instrument parameters.

· List of parameters:
	Parameter
	Description
	Multiplexer
	Channel

	AUXD0
	Measurement of +12 V produced by DC/DC converter on CCC board
	1
	0

	AUXD1
	Measurement of -12 V produced by DC/DC converter on CCC board
	
	1

	AUXD2
	Measurement of +8.5 V produced by linear regulator on HSK board
	
	2

	AUXD3
	Measurement of -8.5 V produced by linear regulator on HSK board
	
	3

	AUXD4
	Measurement of +3.3 V produced by DC/DC converter on CCC board
	
	4

	AUXD5
	Measurement of +2.5 V produced by DC/DC converter on CCC board
	
	5

	AUXD6
	Measurement of +5 V produced by linear regulator on HSK board
	
	6

	AUXD7
	Measurement of -5 V produced by linear regulator on HSK board
	
	7

	AUXD8
	Focal Plane Array temperature #1 (diode)
	2
	0

	AUXD9
	Focal Plane Array temperature #2 (diode)
	
	1

	AUXD10
	External temperature sensor #1 (AD590)

Temperature on the body of the cooler housing of the SOFRADIR detector (SOFC)
	
	2

	AUXD11
	External temperature sensor #2 (AD590)

Temperature on the baseplate, at the foot of the detector assembly (BPL1)
	
	3

	AUXD12
	External temperature sensor #3 (AD590)

Temperature on the baseplate, near the echelle grating (BPL2)
	
	4

	AUXD13
	AOTF temperature (AD590)
	
	5

	AUXD14
	AOTF RF amplifier RF amplitude
	
	6

	AUXD15
	Ground reference
	
	7


6.4 Observation time stamp OBTS:

· Time related to when the housekeeping data was measured or when the observation in the TM packet was started.
· 6 bytes, same format as in TC
6.5 Spectral domain time stamp SDTS1..4:

· Up to four time stamps corresponding to the start of each of 4 possible domains within an observation (No meaning during pre-cooling phase).

· Each time stamp SDTS is 16 bits long and contains the SOIR internal time, expressed in 2-16  sec units, elapsed since the start of this observation.

· Each time stamp may be used to identify the exact moment of measurement by adding the Spectral data time stamp to the Observation time stamp.

· Total 8 bytes.
6.6 Spectral data corresponding to an observation SPDO:

· Contains all spectral data related to one particular observation.

· Spectral data points are reduced to a 12-bit representation.

· The pixel data is represented as 12-bit unsigned integer. This value is obtained by either:

· Taking the 12 LS bits of the FPGA internal accumulated integer representation, if the value is less than 4095.

· Or, right shifting SDEXP times the FPGA internal accumulated integer representation, until the MS non-zero bit comes in the MSB position of a 12 bit word, and rounding afterwards.

This is performed by computing:
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with SDEXP ranging from 0 to 15 and TMvalue ranging from 0 to 4095.

The original data can then be reconstituted by multiplying the TMvalue by 2SDEXP.
· Four 12-bit data units are packed into three 16-bit words (6bytes). The 2560 pixels (320 x8) occupy therefore in total 3840 bytes or 1920 16-bit words.

· The spectral data content may be organized in different ways within these 2560 pixels, according to the selected mode of operation.
· The fill factor of the SPDO area is driven by the TMID field: 0, 25, 50 or 100%.

7 SOIR TM packet structure details:

Remark: R = Reserved for future use; X = either 0 or 1.

Total packet size = 1966 words or 3932 bytes
	16 bit

Word #
	Bit 15 = MSB
	Bit 14
	Bit 13
	Bit 12
	Bit 11
	Bit 10
	Bit 9
	Bit 8
	Bit 7
	Bit 6
	Bit 5
	Bit 4
	Bit 3
	Bit 2
	Bit 1
	Bit 0

= LSB

	1
	X
	X
	X
	X
	X
	X
	TMID
	R
	R
	R
	R
	SDEXP

	2
	CPTC (44 bytes)

	.. 23
	

	24
	0
	0
	AUXD9

	25
	0
	0
	AUXD10

	26
	0
	0
	AUXD11

	27
	0
	0
	AUXD12

	28
	0
	0
	AUXD13

	29
	0
	0
	AUXD14

	30
	0
	0
	AUXD15

	31
	0
	0
	AUXD0

	32
	0
	0
	AUXD1

	33
	0
	0
	AUXD2

	34
	0
	0
	AUXD3

	35
	0
	0
	AUXD4

	36
	0
	0
	AUXD5

	37
	0
	0
	AUXD6

	38
	0
	0
	AUXD7

	39
	0
	0
	AUXD8

	40
	MS Word of OBTS seconds

	41
	LS Word of OBTS seconds

	42
	Fraction (2-16 sec units) of OBTS

	43
	SDTS1

	44
	SDTS2

	45
	SDTS3

	46
	SDTS4

	47
	12-bit spectral data for pixel 1
	4 MS bits of 12-bit spectral data for pixel 2

	48
	8 LS bits of 12-bit spectral data for pixel 2
	8 MS bits of 12-bit spectral data for pixel 3

	49
	8 LS bits of 12-bit spectral data for pixel 3
	12-bit spectral data for pixel 4

	50, 51, 52
	12-bit  spectral data for pixels 5,6,7,8 packed in 3 words or 6 bytes

	…
	…

	k, k+1, k+2
	spectral data for pixels m, (m+1), (m+2), (m+3)

with m = 1+(k-43) / 3 x 4

	…
	…

	1964..1966
	spectral data  for pixels 2557,2558,2559,2560  packed in 6 bytes  /   End of spectral data
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