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[bookmark: _Toc353209726][bookmark: _Toc370698298][bookmark: _Toc435644078]Introduction
[bookmark: _Toc101088221][bookmark: _Toc101844097][bookmark: _Toc115860057][bookmark: _Toc126982778][bookmark: _Toc137877282][bookmark: _Toc137973476][bookmark: _Toc138565926][bookmark: _Toc316948367]This document controls the required interfaces (mechanical, electrical, thermal and software) between the INMS Science Unit and a QB50 CubeSat. 

NOTE: This ICD not only produces requirements for CubeSat teams to follow, but, also has to respond to higher INMS specification requirements, and so, to show that the ICD meets these higher requirement numbers too, these are also shown in this document.   

These higher level requirements are shown with the following formatting:

Science requirements are numbered as:
INMS-S-nnn

Engineering requirements are numbered:
INMS-E-nnn

New requirement numbers that are generated by this ICD are shown as:

REQ: INMS-I-nnn

 


[bookmark: _Toc353209727][bookmark: _Toc370698299][bookmark: _Toc435644079]Normative and Informative documents
[bookmark: _Toc107736901][bookmark: _Toc115860058][bookmark: _Toc126982779][bookmark: _Toc137877283][bookmark: _Toc137973477][bookmark: _Toc138565927][bookmark: _Toc316948368][bookmark: _Toc353209728][bookmark: _Toc370698300][bookmark: _Toc435644080]Normative Documents
ND1: Deleted.
ND2: CubeSat Design Specification Rev. 12
ND3: QB50-INMS-MSSL-RQ-13001 INMS Science Requirements
ND4: QB50-INMS-MSSL-RP-13001 INMS Design Report
ND5: QB50_Systems_Requirements Issue 7
ND6: QB50-INMS-MSSL-SP-13001 INMS Instrument Specification
ND7:	 QB50-INMS-MSSL-PR-13001 QB50 Surface Thermal Monitor Sensor Mounting Procedure
ND8: QB50-INMS-MSSL-UM-13002 INMS User Manual

[bookmark: _Toc162752956][bookmark: _Toc115757244][bookmark: _Toc115860059][bookmark: _Toc126982780][bookmark: _Toc137877284][bookmark: _Toc137973478][bookmark: _Toc138565928][bookmark: _Toc316948369][bookmark: _Toc353209729][bookmark: _Toc370698301][bookmark: _Toc435644081]Informative Documents
None


[bookmark: _Toc137877285][bookmark: _Toc137973479][bookmark: _Toc138565929][bookmark: _Toc316948370][bookmark: _Toc353209730][bookmark: _Toc370698302][bookmark: _Toc435644082]Abbreviations
	ADC
	Analogue to Digital Converter

	CEM
	Channel Electron Multiplier

	CCR
	Corner Cube Reflector

	CONOPS
	Concept of Operations

	DAC
	Digital to Analogue Converter

	EGSE
	Electronic Ground Support Equipment

	EMC
	Electromagnetic Compatibility

	EMI
	Electromagnetic Interference

	EOT
	End Of Table

	ESD
	Electro-Static Discharge

	FMMU
	Flash Mass Memory Unit

	FPGA
	Field Programmable Gate Array

	HSDR
	High Speed Data Recorder

	HV
	High Voltage

	I/F
	Interface

	INMS
	Ion/Neutral Mass Spectrometer

	kbps
	Kilo-bits per second

	LEO
	Low Earth Orbit

	LSB
	Least Significant Byte

	LUT
	Look Up Table

	LV
	Low Voltage

	LVDS
	Low Voltage Differential Signalling

	Mb/day
	Mega-bit per day

	MSB
	Most Significant Byte

	MSSL
	Mullard Space Science Laboratory

	OBC
	CubeSat On-Board Computer

	PCB
	Printed Circuit Board

	PWM
	Pulse Width Modulator

	RBF
	Remove Before Flight

	RBI
	Remove Before Integration

	S/C
	Spacecraft

	SEE
	Single Event Effects

	SMD
	Surface Mount Device

	SPI
	Serial Peripheral Interface

	STM
	Surface Thermal Monitor experiment

	SU
	Science Unit

	TBC
	To be confirmed

	TBD
	To be decided

	TBI
	To be included

	[bookmark: _Toc353209731][bookmark: _Toc316948377]TLE
	Two Line Elements

	WOD
	Whole Orbit Data





[bookmark: _Toc370698303][bookmark: _Toc435644083]INMS Science Unit Log Book
REQ: INMS-I-010
A logbook will be kept with the INMS Science Unit.

REQ: INMS-I-015
A log of ALL mates/de-mates of the RBF_HV_DISARM plug shall be recorded.

REQ: INMS-I-016
A log of ALL mates/de-mates of the connector to the INMS MDM25 connector shall be recorded.

[bookmark: _Toc370698304][bookmark: _Toc435644084]Electrical Interfaces
INMS-E-221
There will be a single electrical connector between the INMS science unit and a CubeSat. The INMS science unit will provide a 25-way STRAIGHT MDM-female connector for the CUBESAT side connector to attach to. Position of the connector is as shown in the appendix: Figure 16‑1.  The CubeSat connector shall provide the signals as shown in Figure 5‑2.  
[bookmark: _Toc386209584][bookmark: _Toc386383915][bookmark: _Toc386385073][bookmark: _Toc386385222][bookmark: _Toc387137724][bookmark: _Toc387137933][bookmark: _Toc387139346][bookmark: _Toc316948376][bookmark: _Toc353209732][bookmark: _Toc370698305][bookmark: _Toc435644085]INMS Connector Definition
The 25-way MDM connector used on the INMS is a Glenair 25-way, MDM, Socket:
· part number: GMR7580-25S-2BPN

[image: ]
[bookmark: _Toc435644168]Figure 5‑1 - Glenair GMR7580-25S-2BPN



[bookmark: _Ref392187153][bookmark: _Toc435644169]Figure 5‑2 - Straight PCB mount MDM25F Connector Pin-Out (front-end view)


	Pin
	Signal Name
	Comment

	1
	+5V
	SWITCHED Power for +5V logic

	2
	+3V3
	SWITCHED Power for +3V3 logic

	3
	STM_TH_GO_0
	TWIST with PIN #16. Surface Thermal Monitor TRANSDUCER signal for CH0

	4
	STM_TH_GO_1
	TWIST with PIN #17. Surface Thermal Monitor TRANSDUCER signal for CH1

	5
	STM_TH_GO_2
	TWIST with PIN #18. Surface Thermal Monitor TRANSDUCER signal for CH2

	6
	STM_TH_GO_3
	TWIST with PIN #19. Surface Thermal Monitor TRANSDUCER signal for CH3

	7
	STM_TH_GO_4
	TWIST with PIN #20. Surface Thermal Monitor TRANSDUCER signal for CH4 

	8
	INMS_TH_GO
	TWIST with PIN #21. INMS science unit SYSTEM TRANSDUCER signal GO

	9
	STM_SCREEN
	SCREEN  connection for all 5 off STM harness shields

	10
	INMS_TX
	Serial line to SEND data from INMS to CubeSat

	11
	INMS_RX
	Serial line to RECEIVE data from CubeSat to INMS 

	12
	HV_Disarm
	RBF RED TAG: TWIST with PIN #22.
Signal for plug situated in CubeSat Access Hatch to DISABLE HV.

	13
	GND
	System GROUND

	14
	+5V
	SWITCHED Power for +5V logic

	15
	+3V3
	SWITCHED Power for +3V3 logic

	16
	STM_TH_RET_0
	TWIST with PIN #3. Surface Thermal Monitor TRANSDUCER RETURN for CH0 

	17
	STM_TH_RET_1
	TWIST with PIN #4. Surface Thermal Monitor TRANSDUCER RETURN for CH1 

	18
	STM_TH_RET_2
	TWIST with PIN #5. Surface Thermal Monitor TRANSDUCER RETURN for CH2 

	19
	STM_TH_RET_3
	TWIST with PIN #6. Surface Thermal Monitor TRANSDUCER RETURN for CH3 

	20
	STM_TH_RET_4
	TWIST with PIN #7. Surface Thermal Monitor TRANSDUCER RETURN for CH4

	21
	INMS_TH_RET
	TWIST with PIN #8. INMS science unit SYSTEM TRANSDUCER signal RETURN

	22
	HV_DISARM_GND
	RBF RED TAG:  TWIST with PIN #12.
GND for plug situated in CubeSat Access Hatch to DISABLE HV 

	23
	INMS_TX_SCN
	SCREEN connection for TX 

	24
	INMS_RX_SCN
	SCREEN connection for RX 

	25
	GND
	System GROUND


[bookmark: _Ref362289155][bookmark: _Ref321151822]Table 5‑15‑1 - INMS Instrument Connector Pin Assignment
Below is the image of the INMS MDM connector which shows the position of pin #1. 



[bookmark: _Toc435644170]Figure 5‑3 - Image showing location of pin 1 on INMS connector

Copied from section 7.3:
REQ: INMS-I-345
The 5V supply to drive the INMS_TH_GO (pin #8) shall be separate from the power switch driving the +5V supply to the instrument (pins #1,#14) so that the temperature of the INMS can be measured without powering the unit on. This allows for a check that the INMS is within the operational temperature range before switch on.

[bookmark: _Toc435644086]INMS Harness Screen Connections
Figure 5‑4 shows the required harness screen connections.



[bookmark: _Ref386793550][bookmark: _Toc435644171]Figure 5‑4 - INMS Harness Screen & Shield Connections
[bookmark: _Toc387137727][bookmark: _Toc387137936][bookmark: _Toc387139349][bookmark: _Toc387137728][bookmark: _Toc387137937][bookmark: _Toc387139350][bookmark: _Toc435644087]INMS Savers
To preserve the flight MDM25 connector on the INMS, teams will be limited to a total of 10 mate/demate cycles to the flight connector. 

Teams are advised to use a harnessed connector saver for bench testing of the INMS. 

[bookmark: _Toc382477878][bookmark: _Toc382559808][bookmark: _Toc382560011][bookmark: _Toc386209591][bookmark: _Toc386383923][bookmark: _Toc386385081][bookmark: _Toc386385229][bookmark: _Toc382477879][bookmark: _Toc382559809][bookmark: _Toc382560012][bookmark: _Toc386209592][bookmark: _Toc386383924][bookmark: _Toc386385082][bookmark: _Toc386385230][bookmark: _Toc382477880][bookmark: _Toc382559810][bookmark: _Toc382560013][bookmark: _Toc386209593][bookmark: _Toc386383925][bookmark: _Toc386385083][bookmark: _Toc386385231][bookmark: _Toc382477881][bookmark: _Toc382559811][bookmark: _Toc382560014][bookmark: _Toc386209594][bookmark: _Toc386383926][bookmark: _Toc386385084][bookmark: _Toc386385232][bookmark: _Toc382477882][bookmark: _Toc382559812][bookmark: _Toc382560015][bookmark: _Toc386209595][bookmark: _Toc386383927][bookmark: _Toc386385085][bookmark: _Toc386385233][bookmark: _Toc382477883][bookmark: _Toc382559813][bookmark: _Toc382560016][bookmark: _Toc386209596][bookmark: _Toc386383928][bookmark: _Toc386385086][bookmark: _Toc386385234][bookmark: _Toc382477884][bookmark: _Toc382559814][bookmark: _Toc382560017][bookmark: _Toc386209597][bookmark: _Toc386383929][bookmark: _Toc386385087][bookmark: _Toc386385235][bookmark: _Toc382477885][bookmark: _Toc382559815][bookmark: _Toc382560018][bookmark: _Toc386209598][bookmark: _Toc386383930][bookmark: _Toc386385088][bookmark: _Toc386385236][bookmark: _Toc382477887][bookmark: _Toc382559817][bookmark: _Toc382560020][bookmark: _Toc386209600][bookmark: _Toc386383932][bookmark: _Toc386385090][bookmark: _Toc386385238][bookmark: _Toc382477888][bookmark: _Toc382559818][bookmark: _Toc382560021][bookmark: _Toc386209601][bookmark: _Toc386383933][bookmark: _Toc386385091][bookmark: _Toc386385239][bookmark: _Toc382477889][bookmark: _Toc382559819][bookmark: _Toc382560022][bookmark: _Toc386209602][bookmark: _Toc386383934][bookmark: _Toc386385092][bookmark: _Toc386385240][bookmark: _Toc353209733]At integration of the INMS into the CubeSat structure, there is not expected to be space for a connector saver.
[bookmark: _Toc382477891][bookmark: _Toc382559821][bookmark: _Toc382560024][bookmark: _Toc386209604][bookmark: _Toc386383936][bookmark: _Toc386385094][bookmark: _Toc386385242][bookmark: _Toc387137730][bookmark: _Toc387137939][bookmark: _Toc387139352][bookmark: _Toc370698308]
[bookmark: _Toc373849999]

[bookmark: _Toc435644088]Serial Interface Hardware Architecture 
Figure 5‑5 shows the electrical circuit for the Serial UART interface used on the INMS DIGITAL board.



[bookmark: _Ref372819339][bookmark: _Toc373849968][bookmark: _Toc435644172]Figure 5‑5 - FPGA Serial Interface Hardware Architecture

NOTE: pull-up’s are only active when INMS is switched ON!!  

So when OBC switches INMS OFF, the UART lines WILL drop to 0V!!

This may lead to spurious behaviour in your INMS UART handler on the OBC, i.e. you may observe that the UART RX line goes to 0V, therefore the OBC UART will see a logic HIGH to LOW transition - i.e. START BIT of UART transmission.

RECOMMENDATION:
Assuming you are using a microcontroller which has a reconfigurable PORT/SERIAL DEVICE module: before you switch OFF power to INMS, make sure you disable the UART interface (and interrupts if used), then when the UART RX line goes low, it should not trigger.
 
[bookmark: _Toc373850000][bookmark: _Toc435644089]INMS Serial Interface Protocol
INMS-E-105 
A 3V3 I/O standard UART serial interface shall be used to control the INMS from the CubeSat. 

The serial I/F settings to use shall be:
BAUD Rate: 		9600
Data Width:		8-bit
Parity bit:			No Parity
START bit:		ONE
STOP bit:			ONE	

When sending 16-bit data, the BYTES are sent in LITTLE ENDIAN BYTE order, i.e. the LOW-ORDER-BYTE is sent first, then the HIGH-ORDER-BYTE.
Serial interface packet formats and ERROR handling are described in section 10.

[bookmark: _Toc373850001][bookmark: _Toc435644090]CubeSat Side Communications Handling of INMS Serial Interface
REQ: INMS-I-020
The CubeSat UART interface shall be designed in such a manner that no packets transmitted by INMS to the CubeSat are lost.
Remember that as the INMS produces data asynchronously, the CubeSat OBC needs to be able to respond and capture all data produced at any time.
The recommendation is to implement an interrupt driven UART interface to the OBC, and to have a UART FIFO to buffer INMS data to guarantee reception at the CubeSat side.
[bookmark: _Toc370698306]
[bookmark: _Toc373850002][bookmark: _Toc435644091]RBF RED-TAG HV_DISARM Plug Accommodation
REQ: INMS-I-091
Any “test” harness mating to the INMS MDM25 connector shall have, as a minimum, the HV_DISARM (pin #12), HV_DISARM_GND(pin #22) signals AND the RBF plug.  So, a “test” harness could be one with only POWER, UART, and HV_DISARM signals connected (with the RBF plug in place).

REQ: INMS-I-092
The RBF_HV_DISARM plug shall be inserted at ALL times when the INMS is NOT being tested.  

REQ: INMS-I-090
The CubeSat teams shall make a RBF RED-TAG plug available for the HV_DISARM function through the CubeSat access hatch. 



[bookmark: _Toc435644173]Figure 5‑6 - HV_DISARM RBF Connection Diagram

The "HV_DISARM" & "HV_DISARM_GND" signals shall be routed from the MDM25 connector directly to the HV_DISARM RBF plug in the CubeSat access hatch as a TWISTED PAIR.


The HV_DISARM RBF plug signal is shorted to HV_DISARM_GND when the RBF plug is present (disabling the HV) and then pulled-up internally (inside INMS) when removed (enabling the HV).


	Item
	Red Tag Item (RBF)
	Function

	1
	HV_DISARM plug
	When removed the HV generators are armed – when connected the HV generators are disabled.


Table 5‑25‑2 Red tag RBF item list

NOTE: 
*** This APPLIES TO STAGE #2 ONLY ****
Teams are advised to leave the HV_DISARM plug attached UNLESS specifically carrying out HV testing.

To be clear: when running scripts at STAGE #2 that turn ON HV, teams are allowed to take out the HV_DISARM plug.

## AT STAGE #3: ONLY MSSL SCRIPTS SHALL BE RUN ##


[bookmark: _Toc435644092]SWITCHED Power Pins
INMS-E-110
The +5, +3V3 and GND connections are duplicated to provide redundancy in the harness. These have to be controlled by the CubeSat in order to control switching the INMS power ON or OFF by SCRIPT command.

[bookmark: _Ref349749007][bookmark: _Toc349751120][bookmark: _Toc353209734]The redundant +5V, +3V3 & GND signals may be either routed from a redundant set of CubeSat power switches, or be a single set of CubeSat power switches and have the outputs routing to both prime & redundant +5V, +3V3 & GND pins.


[bookmark: _Toc435644093][bookmark: _Toc370698309]INMS Power Requirements
INMS-E-115
The specifications for the +5V and +3V3 voltage rails are:
 
	
	Voltage
	Current (nominal)
	Current 
( In-rush -peak)

	+5V
	+/- 10%
	140mA (168mA peak during SU_SCI)
	4.02 A

	+3V3
	+/- 10%
	15mA
	830 mA

	
	
	
	


Table 5‑35‑3 – INMS Voltage & Current Specifications


[bookmark: _Toc435644094]Power Interface Hardware Architecture 
Figure 5‑7 shows the INMS MDM25-way connector power and control interface, plus attached power filtering. The +5V and +3.3V rails are on pins 1, 14 and 2, 15 of SK1 respectively. 

 [image: ]
[bookmark: _Ref392187180][bookmark: _Toc435644174]Figure 5‑7 - Power interface hardware


[bookmark: _Toc435644095]In Rush Current
The in rush current is measured for both 5V and 3.3V supplies. There is no current limiting element or control for in-rush current. Figure 5‑8 shows the in rush current for the 5V supply with a peak value of about 4.02A and decays to steady state in about 800us. 
NOTE: For PSU’s with rise-time control, set to give shortest possible rise time 

[image: C:\Users\uclsat\Desktop\QB50\13_03_2014 FMp\Inrush FMp\QB50 INMS FMp Inrush Plot 5VPOS.png]
[bookmark: _Ref392163485][bookmark: _Toc435644175]Figure 5‑8 - In rush current plot for the 5V supply

Figure 5‑9 shows the in rush current for the 3.3V supply with a peak value of 830mA and it decays in about 40us.

[image: C:\Users\uclsat\Desktop\QB50\13_03_2014 FMp\Inrush FMp\QB50 INMS FMp Inrush Plot 3V3POS.png]
[bookmark: _Ref392163416][bookmark: _Toc435644176]Figure 5‑9 - In rush current plot for the 3.3V supply

REQ: INMS-I-110
The INMS CANNOT switch itself ON or OFF. In the event of the OBC detecting an over-current condition or voltage droop/brown-out the INMS shall be RESET by following the following steps:
· turn OFF the INMS
· generate OBC_SU_ERR packet (see 15.4.1.1 for OBC_SU_ERR definition)
· wait 60 sec
· turn ON the INMS
· re-run SCRIPT from the next TIMES-TABLE time-field entry after the current UTC time.

[bookmark: _Toc435644096]INMS Power ON/OFF Procedure
REQ: INMS-I-114
The CubeSat electrical switch characteristics shall be that the +5V and +3V3 rails shall be switched ON and achieve nominal voltage levels within 120 ms (max). 

The +5V rail should be switched on first, followed by the +3V3 rail. 

Time between the two rails being switched on should be less than 1s.

When switching the unit OFF, the +3V3 rail should be switched OFF first, with the +5V switched OFF within 1s of the +3V3 line. 

Both rails should settle to ground within 120ms.

NOTE: In the event of a failure, when INMS power has to be turned OFF in an emergency, BOTH +5V & +3V3 rail may be switched off TOGETHER without causing damage to INMS.

NOTE: The FPGA is held in RESET for 226 ms from when 3V3 is stable, and the RESET Supervisor IC is operational. 
[bookmark: _Toc353210537][bookmark: _Toc353210993][bookmark: _Toc353269288][bookmark: _Toc353269664][bookmark: _Toc353270040][bookmark: _Toc353277328][bookmark: _Toc362304446][bookmark: _Toc363050989][bookmark: _Toc353209736][bookmark: _Toc370698312]


[bookmark: _Toc435644097]Power Budget
INMS-E-100
The power budget averages & maximum values (in INMS states) over an orbit are shown in in Table 5‑4. These numbers are preliminary based on precursor testing and are TBC when hardware testing can be carried out.

	INMS State
	Power at +5V (mW)
	Power at +3.3V (mW)

	
	Orbit average (Duty cycle averaged)
duty cycle= 66%
	Nominal during Unit operations
	Maximum during Unit operations
	Orbit average            (Duty cycle averaged)
duty cycle = 66%
	Maximum during Unit operations

	RESET
	333
	510
	510
	33
	50

	SCIENCE,
HEALTH CHECK, 
CALIBRATION
	475
	685
	840
	26
	40

	
	
	
	
	
	


[bookmark: _Ref353266416]Table 5‑45‑4 - Power Budget
[bookmark: _Toc387137737][bookmark: _Toc387137946][bookmark: _Toc387139359]

[bookmark: _Toc435644098]INMS Power Profiles
[bookmark: _Toc435644099]INMS State Power Profile
Figure 5‑10 shows the minimum and maximum power for each state. The current on the +5V line will naturally rise by ~15mA approximately 2 minutes after unit switch on. Variations in power consumption during operations are driven by HV level and voltage sweeping.

[bookmark: _Ref424893597][bookmark: _Toc435644177]Figure 5‑10 - INMS State Power Profile

[bookmark: _Toc435644100]INMS Orbit Power Profile

[bookmark: _Ref398305410][bookmark: _Toc435644178]Figure 5‑11 - INMS Power Over 96 Minute Orbit
Figure 5‑11 shows the INMS power over an example 96 min orbit. This graph also includes the current variations during the various science modes. 
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INMS-E-215
The INMS science unit electronics shall be electrically grounded to the INMS structure. As some CubeSat teams have suggested that their CubeSat structure may not be metallic and that a large area of the Solar-panel is also not metallic, the INMS to CubeSat ground connection shall be made through the INMS connector GND pin. The electrical resistance shall be <50 mΩ.

If the structure that the INMS is attached to provides a low impedance ground connection the GND link between the INMS structure and GND will not be made.

The INMS is ESD sensitive and should be handled accordingly with suitable ESD preventative measures in accordance with IEC 61340-5-1.

[bookmark: _Toc353209738][bookmark: _Toc370698316][bookmark: _Toc316948385]

[bookmark: _Toc435644102]Surface Thermal Monitor (STM) temperature sensors	
INMS-S-160, INMS-E-250, 255, 260, 265
The Surface Thermal Monitor experiment (STM) consists of six temperature transducers mounted as:

· Five channels are mounted on the CubeSat side (on inner side of solar panels).
· Sixth channel is mounted inside the INMS.

As soon as INMS is switched ON, the STM experiment starts to run, and INMS reads the temperature values from these transducers and produces SU_STM data packets at the default frequency of every 5 mins 50 sec. 

NOTE: STM is an INMS experiment.  CubeSat teams are NOT required to perform any control, or action to run the STM experiment – INMS shall control the running of STM.

CubeSat teams only need to provide harnessing and the correct mounting positions of the transducers.

REQ: INMS-I-300
The AD590*F transducer shall be used for the STM circuit. This is read inside the INMS by a 12bit ADC.

REQ: INMS-I-310
CubeSat teams shall provide harnessing for FIVE STM transducers, with each STM transducer harness consisting of a pair of TWISTED, shielded pair of wires. The common SHIELD shall only be connected at the connector end. Figure 7‑1 shows the harness wiring on the CubeSat side.



[bookmark: _Ref371968123][bookmark: _Toc435644179]Figure 7‑1 - CubeSat Side of STM Harness
[bookmark: _Toc353209739][bookmark: _Toc370698317][bookmark: _Toc435644103]Surface Thermal Monitor Transducer Locations
REQ: INMS-I-330
CubeSat side STM channels (STM_TH[0,1,2,3,& 4]) shall be mounted on the back of the solar panel substrate (or mechanical panel available), at the locations shown in section 18.

REQ: INMS-I-340
The procedure in ND7 shall be followed to mount the STM transducers to the CubeSat structure panels.

[bookmark: _Toc352076133][bookmark: _Toc352141521][bookmark: _Toc352141829][bookmark: _Toc353209741][bookmark: _Toc353210544][bookmark: _Toc353211000][bookmark: _Toc352141522][bookmark: _Toc352141830][bookmark: _Toc353209742][bookmark: _Toc353210545][bookmark: _Toc353211001][bookmark: _Toc352141523][bookmark: _Toc352141831][bookmark: _Toc353209743][bookmark: _Toc353210546][bookmark: _Toc353211002][bookmark: _Toc352141524][bookmark: _Toc352141832][bookmark: _Toc353209744][bookmark: _Toc353210547][bookmark: _Toc353211003][bookmark: _Toc352141525][bookmark: _Toc352141833][bookmark: _Toc353209745][bookmark: _Toc353210548][bookmark: _Toc353211004][bookmark: _Toc352141526][bookmark: _Toc352141834][bookmark: _Toc353209746][bookmark: _Toc353210549][bookmark: _Toc353211005][bookmark: _Toc352141527][bookmark: _Toc352141835][bookmark: _Toc353209747][bookmark: _Toc353210550][bookmark: _Toc353211006][bookmark: _Toc352141528][bookmark: _Toc352141836][bookmark: _Toc353209748][bookmark: _Toc353210551][bookmark: _Toc353211007][bookmark: _Toc352141529][bookmark: _Toc352141837][bookmark: _Toc353209749][bookmark: _Toc353210552][bookmark: _Toc353211008][bookmark: _Toc352141530][bookmark: _Toc352141838][bookmark: _Toc353209750][bookmark: _Toc353210553][bookmark: _Toc353211009][bookmark: _Toc352141531][bookmark: _Toc352141839][bookmark: _Toc353209751][bookmark: _Toc353210554][bookmark: _Toc353211010][bookmark: _Toc352141532][bookmark: _Toc352141840][bookmark: _Toc353209752][bookmark: _Toc353210555][bookmark: _Toc353211011][bookmark: _Toc352141533][bookmark: _Toc352141841][bookmark: _Toc353209753][bookmark: _Toc353210556][bookmark: _Toc353211012][bookmark: _Toc352141534][bookmark: _Toc352141842][bookmark: _Toc353209754][bookmark: _Toc353210557][bookmark: _Toc353211013][bookmark: _Toc352141535][bookmark: _Toc352141843][bookmark: _Toc353209755][bookmark: _Toc353210558][bookmark: _Toc353211014][bookmark: _Toc352141536][bookmark: _Toc352141844][bookmark: _Toc353209756][bookmark: _Toc353210559][bookmark: _Toc353211015][bookmark: _Toc352141537][bookmark: _Toc352141845][bookmark: _Toc353209757][bookmark: _Toc353210560][bookmark: _Toc353211016][bookmark: _Toc352141538][bookmark: _Toc352141846][bookmark: _Toc353209758][bookmark: _Toc353210561][bookmark: _Toc353211017][bookmark: _Toc352141539][bookmark: _Toc352141847][bookmark: _Toc353209759][bookmark: _Toc353210562][bookmark: _Toc353211018][bookmark: _Toc352141540][bookmark: _Toc352141848][bookmark: _Toc353209760][bookmark: _Toc353210563][bookmark: _Toc353211019][bookmark: _Toc352141541][bookmark: _Toc352141849][bookmark: _Toc353209761][bookmark: _Toc353210564][bookmark: _Toc353211020][bookmark: _Toc352141542][bookmark: _Toc352141850][bookmark: _Toc353209762][bookmark: _Toc353210565][bookmark: _Toc353211021][bookmark: _Toc352141547][bookmark: _Toc352141855][bookmark: _Toc353209767][bookmark: _Toc353210570][bookmark: _Toc353211026][bookmark: _Toc352141565][bookmark: _Toc352141873][bookmark: _Toc353209785][bookmark: _Toc353210588][bookmark: _Toc353211044][bookmark: _Toc370698318]The STM channel, STM_TH[5], is located inside of the INMS science unit.

REMEMBER to secure the harness to the panel close to the solder joint to avoid stressing the joint.



[bookmark: _Toc435644104]Surface Thermal Monitor (STM) Interface Circuit
The circuit in Figure 7‑2shows the INMS side schematic of the circuit used to monitor the STM sensors.

The ADC128S102 part is used for monitoring.  This is an 8-channel, 12-bit ADC with a standard SPI interface. 

· This figure is repeated in the appendix as a larger view.



[bookmark: _Ref368326992][bookmark: _Toc435644180]Figure 7‑2 - INMS Side of STM Interface Circuit

[bookmark: _Toc370698319]

[bookmark: _Toc435644105]INMS System Temperature Sensor
INMS-S-160, 250, 260, 270, 280, INMS-E-240
The INMS_TH GO/RTN pair are AD590KF transducer signals, used by the CubeSat to measure the INMS temperature. This consists of a pair of TWISTED, SHIELDED pair of wires. The INMS_TH SHIELD shall only be connected at CubeSat end of the harness to the CubeSat GROUND point. Figure 7‑3 shows the required harness wiring on the CubeSat side.



[bookmark: _Ref371969632][bookmark: _Toc435644181]Figure 7‑3 - CubeSat Side of INMS_TH Harness

REQ: INMS-I-345
The 5V supply to drive the INMS_TH_GO (pin #8) shall be separate from the power switch driving the +5V supply to the instrument (pins #1,#14) so that the temperature of the INMS can be measured without powering the unit on. This allows for a check that the INMS is within the operational temperature range before switch on.

REQ: INMS-I-350
The CubeSat shall monitor INMS_TH temperature at a frequency of once every minute. The INMS_TH values shall be reported as part of the spacecraft telemetry.
`


REQ: INMS-I-360
The following circuit shall be used by the CubeSat teams to measure the INMS_TH temperature.

[image: ]
[bookmark: _Toc435644182]Figure 7‑4 - Circuit to use by CubeSat Side to measure INMS_TH temperature


[bookmark: _Toc387137770][bookmark: _Toc387137979][bookmark: _Toc387139392][bookmark: _Toc373849913][bookmark: _Toc373850017][bookmark: _Toc373849915][bookmark: _Toc373850019][bookmark: _Toc371981983][bookmark: _Toc371982073][bookmark: _Toc371982163][bookmark: _Toc371982659][bookmark: _Toc371985600][bookmark: _Toc371985689][bookmark: _Toc372061266][bookmark: _Toc372062074][bookmark: _Toc372832566][bookmark: _Toc372837699][bookmark: _Toc372837841][bookmark: _Toc372877880][bookmark: _Toc372909725][bookmark: _Toc373747467][bookmark: _Toc373750450][bookmark: _Toc373753752][bookmark: _Toc373758042][bookmark: _Toc373849916][bookmark: _Toc373850020][bookmark: _Ref370313951][bookmark: _Toc370698320][bookmark: _Toc435644106]Attitude Control & Position
REQ: INMS-I-115
[bookmark: _Toc353209794][bookmark: _Ref341707128][bookmark: _Toc316948388]The CubeSat shall provide attitude control with a pointing accuracy of +/- 10 deg, and pointing knowledge of +/- 2 deg.

REQ: INMS-I-116
The CubeSat shall determine its position to within 10 km accuracy.


[bookmark: _Toc372832568][bookmark: _Toc372837701][bookmark: _Toc372837843][bookmark: _Toc372877882][bookmark: _Toc372909727][bookmark: _Toc373747469][bookmark: _Toc373750452][bookmark: _Toc373753754][bookmark: _Toc373758044][bookmark: _Toc373849918][bookmark: _Toc373850022][bookmark: _Toc370698321][bookmark: _Toc435644107]Mechanical interface
[bookmark: _Toc353209795][bookmark: _Toc370698322][bookmark: _Toc435644108]Accommodation and Field of View
INMS-S-090, QB50-SYS-1.1.1
The INMS will be accommodated at the –Z face of the CubeSat on a 100mm x 100mm face (see ND5). The vector normal to this face shall be in the spacecraft ram velocity direction. This face shall not be available for Solar cells, or any other sensor, or subsystem and nothing must project forward of this face.

[image: D:\Drop\Dropbox\MSSL_QB50\SCIENCE UNIT\INMS\INMS_2Mechanical Drawings\mssl_science_unit_keepout_areas-ISS2 3-10-13.jpg]
[bookmark: _Ref372833853][bookmark: _Toc435644183]Figure 9‑1 - INMS Science Unit Keepout Areas within CubeSat

NOTE: the harness & connector shown in Figure 9‑1 are from the CUBESAT side. 

[bookmark: _Toc435644109]INMS & CubeSat Orientation
REQ: INMS-I-370
The orientation of INMS to CUBESAT shall be as shown in Figure 10‑1.

REQ: INMS-I-380
For 3-axis stabilised CubeSats the orientation the complete CUBESAT relative to Earth (and so, relative to INMS) shall be as shown in Figure 10‑1.

The orientation is specified as shown so that science data from all CubeSats has the same co-ordinate reference system for analysis.



[bookmark: _Ref373857937][bookmark: _Toc435644184]Figure 10‑1 - QB50 INMS Science Unit Orientation to CubeSat & to Earth
[bookmark: _Toc353209796]

[bookmark: _Toc370698323]

[bookmark: _Toc435644110]Interface control drawing
INMS-E-230, 235, QB50-SYS-1.7.4
The full size mechanical interface drawing is provided in Appendix 1. The INMS is designed to interface to commercially available CubeSat structures either through an adapter or through appropriate relocation of mounting holes on the structures.

NOTE: The INMS team will NOT provide any required adapter plate to fit the INMS to your CubeSat structure.


[bookmark: _Toc353209797][bookmark: _Toc370698324][bookmark: _Toc435644111]Surface finish
INMS-E-240
The overall finish for the Aluminium structure of the INMS is Alocrom 1200. The top hat of the INMS is coated in Ebonol-C for flight. Precautions must be taken to not have any direct contact with the Ebonol-C coating due to the sensitive nature of the surface. The INMS will only have this coating when in flight configuration.

[bookmark: _Toc353209798][bookmark: _Toc370698325][bookmark: _Toc435644112]Mass
INMS-E-225
The mass figure for INMS is 200 grams. 


[bookmark: _Toc370698326][bookmark: _Toc435644113]Instrument Identification
INMS-E-226
The INMS instrument shall be labelled with the following information as a minimum:-

MANUFACTURED BY: MSSL 
ITEM: INMS
SER. NO. XX

Where “XX” is the serial number: an incrementing decimal number given to each INMS produced. See the drawing in Appendix 2 for details of instrument identification markings.
 
[bookmark: _Toc370698327][bookmark: _Toc435644114]Purge interface
No purge interface is required. The INMS will be purged at spacecraft level on deployer. If purging is required due to project issues, the unit can be purged by bagging of the unit. A purging procedure will be supplied. Vent paths are available from the internal of the unit to the external facets.
[bookmark: _Toc353209799]
[bookmark: _Toc370698328][bookmark: _Toc435644115]Handling
INMS-E-300
The INMS shall be handled in a Cleanroom environment, Class 8.
[bookmark: _Toc353209800]The INMS is ESD sensitive and protection protocols shall be followed in accordance with IEC 61340-5-1.
Complete details of procedures for handling can be found in ND8.

[bookmark: _Toc370698329][bookmark: _Toc435644116]Thermal
INMS-E-285, 290, 295
The following thermal environment shall be maintained by the CubeSat side for the INMS

	Item
	Science Unit

	Operational Temperature Range
	-20°C to +40°C

	Non-Operational Temperature Range
	-30°C to +70°C

	Minimum Standby temperature
	-20°C


Table 12‑112‑1 - Thermal operating requirements

REQ: INMS-I-390
In the event that the OBC_SU_ON command is time-triggered, the OBC shall ensure that INMS stays switched OFF if the INMS temperature is outside the Operational Temperature Range unless the OBC_SU_ON SAFTEY_ON parameter = OFF (33h). 

	Item
	Science Unit

	Thermal capacity
	220 J/K

	Radiative properties
	Base Plate: Alpha = 0.44; Epsilon = 0.15
Top Hat: Alpha = 0.97; Epsilon = 0.73

	Contact area
	2000 mm²

	I/F conductance
	250 W/m2K                    (Estimate)

	Thermal interface filler
	Bare metal contact envisaged


Table 12‑212‑2 - Thermal properties
[bookmark: _Toc370698330][bookmark: _Toc435644117]Corner Cube Reflector (CCR)
The CCRs are not part of the INMS set.  If a CubeSat team selects to implement the CCRs, it shall be their responsibility to select the location and interface of the Corner Cubes.

CCRs can be supplied to teams who wish to implement them.  These are supplied by Edmund Optics.  The proposed CCR lens material is N-BK7. 

The options for the CCR are:

· Part number:  #45-203 (12.7 mm Mounted Corner Cube Reflector)
URL: http://www.edmundoptics.com/optics/prisms/retroreflection-prisms/mounted-n-bk7-corner-cube-retroreflectors/45203

· Part number:  #45-296 (12.7 mm Unmounted Corner Cube Prism)
URL: http://www.edmundoptics.com/optics/prisms/retroreflection-prisms/n-bk7-corner-cube-retroreflectors/43296


[bookmark: _Toc372062086][bookmark: _Toc372832580][bookmark: _Toc372837714][bookmark: _Toc372837855][bookmark: _Toc372877894][bookmark: _Toc372909739][bookmark: _Toc373747482][bookmark: _Toc373750465][bookmark: _Toc373753767][bookmark: _Toc373758057][bookmark: _Toc373849931][bookmark: _Toc373850035][bookmark: _Toc372062087][bookmark: _Toc372832581][bookmark: _Toc372837715][bookmark: _Toc372837856][bookmark: _Toc372877895][bookmark: _Toc372909740][bookmark: _Toc373747483][bookmark: _Toc373750466][bookmark: _Toc373753768][bookmark: _Toc373758058][bookmark: _Toc373849932][bookmark: _Toc373850036][bookmark: _Toc370698331][bookmark: _Toc435644118]Sun Sensor
[bookmark: _Toc353209801]There is no provision for mounting a Sun Sensor on the external body of the INMS.

[bookmark: _Ref368613117][bookmark: _Toc370698332][bookmark: _Toc435644119]CubeSat Software Requirements for INMS
The following sections describe INMS command and response packet structures and the software requirements that the CubeSat shall follow to implement servicing the INMS instrument.
NOTE: After switching ON the INMS, there is a 10 second delay BEFORE the first packet (SU_HK) is automatically generated.  It is the team’s responsibility to design the OBC UART interface such that the OBC_UART_RX buffer is flushed and empty within the 10 second period before INMS send the first response data packet. This mechanism should give a clean start state to allow the OBC to synchronise to data packets without losing the first byte due to switch-on noise on the UART interface.

[bookmark: _Toc349751130][bookmark: _Toc353209802][bookmark: _Toc370698333][bookmark: _Toc435644120]Overview of INMS science unit Control Strategy
The script file is in BINARY and represents the commands to be executed by the CubeSat and INMS.
The scripts provide time-tagged sequences of commands to be executed either by the OBC or INMS.

The general format of the SCRIPT file is:

<SCRIPT_HDR> <TIMES-TABLE> <SCRIPT_SEQUENCES> <XSUM>



[bookmark: _Toc435644121]Script Handling
REQ: INMS-I-120
Servicing of the INMS is accomplished by running a “Script-Handler” on the CubeSat OBC, which runs one of the on-board scripts.
  


[bookmark: _Toc435644185]Figure 15‑1 - On-Board INMS Script Buffer Usage

REQ: INMS-I-121
The CubeSat shall provide on-board storage for 7 “IDLE-SLOT” script buffers.

NOTE: CubeSat teams do not have to run multiple scripts simultaneously, rather: only the script header UTC time needs to be read to determine when to mark an IDLE-SLOT script buffer as the RUNNING-SCRIPT. Then this script is executed continuously, until one of the other IDLE SLOT scripts is eligible to run. At all times, the most recent script should be the active script.
   

[bookmark: _Toc349751131][bookmark: _Toc353209803][bookmark: _Toc370698334]

The tasks of the Script-handler are:

1) Check Determine which of the seven “IDLE SLOT” pre-loaded scripts is eligible to run by checking the script header UTC time value. Wait/keep checking until one is found

2) Identify that script as the “RUNNING SCRIPT”. 

3) Working with the “RUNNING SCRIPT”, check the current on-board time against the Times-Table value, and start executing the script-sequences of COMMANDs when that time is reached.

4) For each script-sequence COMMAND: execute the command (i.e. send it to INMS, or OBC executes it), then wait for deltaTime seconds.  This allows the command to finish executing in the INMS. 

· REMEMBER there is no handshaking between INMS and CubeSat.

5) After executing every command check if any other “IDLE SLOT” script is ready to run (by checking header UTC time value), if so, abort current script, and repeat above procedure from STEP #2.

6) Else, move to the next sequence command, or times-table field.

When the script EOT marker is reached STOP this script and goto (1)


7) , restart the script from the beginning. Because script times are 24-hour time format, make sure that the times after EOT are calculated as the time FOR THE NEXT DAY : 

eg: assume that a script has the following two times (and the EOT):

TIMES-TABLE time		SEQ
14:10:23							S1
23:30:33							S2
23:35:00							EOT

“S1” will start to run at 14:10:23, “S2” will run at 23:30:33. “EOT” will be executed at 23:35:00, marking the end of the script, so the script has to be restarted. NOTE on-board time at time of EOT is still on the current day ! So, when the first line is read, 14:10:23 for “S1”.  The OBC script handler must ensure that this is executed at 14:10:23 ON THE NEXT DAY.

NOTE: Scripts to run on the FM_INMS shall ONLY be written by the CONOPS and MSSL personnel.  The first seven In-flight scripts shall be provided to CubeSat teams to pre-load into their CubeSat prior to launch.  



REQ: INMS-I-122
The CubeSat Teams shall provide a telecommand of the form:

· OBC_SCRIPT_UPLOAD(slot, script)

Where:
· Slot = IDLE SLOT script buffer number (0..6)
· Script = the SCRIPT FILE to upload

This command shall overwrite the contents of the IDLE-SLOT buffer pointed to by “SLOT” with the new “SCRIPT FILE”.
NOTE: The telecommand “OBC_SCRIPT_UPLOAD” is a generalised example of the telecommand. Each Team may implement the function as it suits their telecommanding system.

The Teams are responsible for tracking which slot they have used to hold a particular script.

REQ: INMS-I-123
The CubeSat Teams shall provide a telecommand of the form:

· OBC_SCRIPT_STATE(value)

Where:
· value = ‘0’ = ALL scripts are DISABLED
· value = ‘1’ = ALL scripts are ENABLED

This CubeSat Team’s telecommand shall disable ALL running scripts when value = ‘0’. Only a subsequent telecommand with value = ‘1’ shall re-enable ALL scritps to run again. 

NOTE: The telecommand “OBC_SCRIPT_STATE” is a generalised example of the telecommand. Each Team may implement the function as it suits their telecommanding system.

RECOMMENDATION:
A Team has asked if “value” can be used to turn OFF a particular slot: this is fine too.

As ‘0’ is DISABLED, ‘1’ is ENABLED, Teams could use “10d” to “17d” as an index to the SLOT number.
REQ: INMS-I-126
The CubeSat shall run a checksum on the uploaded script to ensure that it has been successfully uploaded without error. 

Error handling on exceptions ON the OBC side is the Team’s own responsibility.



REQ: INMS-I-127
The algorithm to use for the Script checksum shall be FLETCHER-16.  In pseudo code, this is:

	// SCRIPT is the input BYTE ARRAY

	declare UINT16  	C0_int, C1_int = 0x0000;                    //declare & initialise vars

	declare UINT16	XSUM_W,  = 0xFFFF;

	

	for each index = 0 to sizeof(SCRIPT) do { 

	

		C0_int = C0_int + SCRIPT(index);

		C1_int = C1_int + C0_int;

		C0_int = (C0_int) MOD (0xFF);

	     If (C0_int >= 0xFF) then C0_int = C0_int – 0xFF       // this is same as x MOD y

	     C1_int = C1_int + C0_int;

	     If (C1_int >= 0xFF) then C1_int = C1_int – 0xFF 

		C1_int = C1_int MOD 0xFF;

	}

	

	XSUM_W = (C10_int << 8) or (C01_int >> 8);                             //shift C1_int to top BYTE


Table 15‑115‑1 - Fletcher-16 Checksum Pseudo Code

A correct SCRIPT gives XSUM_W = 0x0000, when run through the Fletcher-16 routine.

REQ: INMS-I-128
The OBC shall read each command packet, decode it and perform the action required: either execute the command directly (an OBC instruction), or send the command packet to the INMS_SU for execution (SU instruction).


The script format is described later in this chapter. 

In general, the CubeSat shall read the STARTTIME (in UTC format), in the script header and wait until that date & time to start running the script.  The script is written with absolute 24-hour period (h:m:s) time codes of when to execute a sequence of commands.  
The sequences consist of a COMMAND, and a DELTA-TIME field.  The COMMAND is read and executed FIRST, then, a delay of DELTA-TIME seconds is elapsed.  The DELTA-TIME is the time that the command requires to execute. REMEMBER CubeSat does NOT know when an INMS command has finished executing, hence this delay, which CONOPS shall calculate when writing scripts for CubeSat teams.  The command can either be executed directly (an OBC_xx command), or the command packet can be sent to the INMS for execution (SU_xx instruction).

[bookmark: _Toc387137788][bookmark: _Toc387137997][bookmark: _Toc387139410][bookmark: _Toc373753773][bookmark: _Toc373758063][bookmark: _Toc373849937][bookmark: _Toc373850041][bookmark: _Toc349751132][bookmark: _Toc353209804][bookmark: _Toc370698335][bookmark: _Toc435644122]CubeSat Data Handling
REQ: INMS-I-130
On receiving a data packet from the INMS instrument, the CubeSat shall attach a header to the START of the packet consisting of:
· Current space-craft time
· Current space-craft attitude
· Current space-craft position

[bookmark: _Toc435644123]INMS Science Header Format
REQ: INMS-I-140
The format of the INMS SCIENCE HEADER packet shall be: 

	Field
	Parameter
	Size
	Resolution/bit

	Time field: 
	UTC (secs since QB50 epoch)
	UINT32
	1 second

	Attitude:
	roll (360 deg) 
	INT16
	2 deg

	
	pitch (360 deg)
	INT16
	2 deg

	
	yaw (360 deg)
	INT16
	2 deg

	
	rolldot (deg/sec)
	INT16
	milli-deg/sec

	
	pitchdot (deg/sec)
	INT16
	milli-deg/sec

	
	yawdot (deg/sec)
	INT16
	milli-deg/sec

	Position:
	X_ECI (km)
	INT16
	5km

	
	Y_ECI (km)
	INT16
	5km

	
	Z_ECI (km)
	INT16
	5km

	
	TOTAL SCI_HDR
	22 Bytes
	

	
	
	
	


[bookmark: _Ref371977524]Table 15‑215‑2 - INMS Science Packet Header Format
 
Note Table 15‑2 shows resolution, not accuracy. 

See section 8 for the required attitude specifications.

NOTE: The data in CubeSat MASS_MEMORY will need to be re-packetised into an appropriate CubeSat downlink protocol structure (e.g. CCSDS packet structure).


[bookmark: _Toc435644124][bookmark: _Toc428184547]INMS Telemetry File Structure & Naming Convention on Ground
REQ: INMS-I-143
All INMS telemetry received by the end-of-day operations shall be concatenated into a single BINARY data file in DATE/TIME order (earliest first).

REQ: INMS-I-144
The format of the FILE NAME shall be:

	YYYYMMDD_hhmmss_INMS_TTTT.dat

Where:
	YYYY	= year as 4 digits (i.e. 2015)
	MM 		= month as 2 digits (i.e. 07)
	DD 		= day of month as 2 digits (i.e. 27)
	hh 		= hours as 2 digits (i.e. 13)
	mm 		= minutes as 2 digits (i.e. 56)
	ss 		= seconds as 2 digits (i.e. 37)
	TTTT	= Teams Official ID as 4 alpha-numeric characters (i.e. GB03)

e.g:
	20150727_135637_INMS_GB03.dat			// for July 27th pass
	20150728_201510_INMS_GB03.dat			// for July 28th pass


[bookmark: _Toc435644125]

INMS Script Strorage and Size
REQ: INMS-I-150
The OBC shall have two independent memory storage units (MASS_MEMORY) to store all the INMS data packets on-board, prior to downloading. Each memory shall be at least 128 Mbytes in size. 
The OBC shall insure that data from the PRIME memory store is copied to the SECONDARY memory store as a backup. 

NOTE: Script size has been estimated to be a maximum size of 2 kBytes

REQ: INMS-I-155
OBC shall allow each memory storage device to be independently accessed for download of data

REQ: INMS-I-160
OBC shall allow each memory storage device to be independently accessed to allow of data packets to be deleted



[bookmark: _Toc370698336][bookmark: _Toc435644126]INMS State Transition Diagram
The diagram shows all the valid state transitions that commands from the SCRIPT may make upon execution.  Note, for instance, that science collection cannot be run until the high voltage (HV) has been turned ON correctly.


[bookmark: _Toc435644186]Figure 15‑2 - INMS State Transition Diagram
[bookmark: _Toc398552530][bookmark: _Toc398553284][bookmark: _Toc398552531][bookmark: _Toc398553285][bookmark: _Toc349751133][bookmark: _Toc353209805][bookmark: _Toc370698337][bookmark: _Toc435644127]Command & Response Handling
There is NO checksum, or ACK/NACK protocol implemented between the INMS and the OBC on the UART interface. This is because there is very little scope for debugging or to correct errors in real time on board.

REQ: INMS-I-170
CubeSat teams shall check that, when INMS is ON, that response packets are being received within the TIMEOUT period of 400 sec. 

REQ: INMS-I-175
The OBC shall reset the timeout counter after each BYTE received.

INMS shall automatically generate SU_HK and SU_STM data packets (at least) within a TIMEOUT period of 400 sec (6.6 mins).

NOTE: Every SCRIPT command DOES NOT necessarily generate a response packet!

RECOMMENDATION:
A method to detect if a packet from the INMS is possibly corrupted is to detect the FIRST byte, and compare that against the RSP_ID codes.  If it doesn’t match one of the RSP_ID’s then this cannot be a valid packet. 

Remember – a valid packet is one with 174 bytes, AND where the FIRST byte matches a RSP_ID.

NOTE: CubeSat teams are not the CONOPS team.  The ONLY personnel that shall write in-flight or FM_INMS scripts shall be CONOPS or INMS personnel 



[bookmark: _Ref349748828][bookmark: _Toc349751134][bookmark: _Toc353209806]

[bookmark: _Toc382477927][bookmark: _Toc382559857][bookmark: _Toc382560060][bookmark: _Toc386209645][bookmark: _Toc386383977][bookmark: _Toc386385135][bookmark: _Toc386385283][bookmark: _Toc387137793][bookmark: _Toc387138002][bookmark: _Toc387139415][bookmark: _Toc382477928][bookmark: _Toc382559858][bookmark: _Toc382560061][bookmark: _Toc386209646][bookmark: _Toc386383978][bookmark: _Toc386385136][bookmark: _Toc386385284][bookmark: _Toc387137794][bookmark: _Toc387138003][bookmark: _Toc387139416][bookmark: _Toc382477929][bookmark: _Toc382559859][bookmark: _Toc382560062][bookmark: _Toc386209647][bookmark: _Toc386383979][bookmark: _Toc386385137][bookmark: _Toc386385285][bookmark: _Toc387137795][bookmark: _Toc387138004][bookmark: _Toc387139417][bookmark: _Toc382477981][bookmark: _Toc382559911][bookmark: _Toc382560114][bookmark: _Toc386209699][bookmark: _Toc386384031][bookmark: _Toc386385189][bookmark: _Toc386385337][bookmark: _Toc387137847][bookmark: _Toc387138056][bookmark: _Toc387139469][bookmark: _Toc382477982][bookmark: _Toc382559912][bookmark: _Toc382560115][bookmark: _Toc386209700][bookmark: _Toc386384032][bookmark: _Toc386385190][bookmark: _Toc386385338][bookmark: _Toc387137848][bookmark: _Toc387138057][bookmark: _Toc387139470][bookmark: _Toc382477983][bookmark: _Toc382559913][bookmark: _Toc382560116][bookmark: _Toc386209701][bookmark: _Toc386384033][bookmark: _Toc386385191][bookmark: _Toc386385339][bookmark: _Toc387137849][bookmark: _Toc387138058][bookmark: _Toc387139471][bookmark: _Toc370698338][bookmark: _Ref398301688][bookmark: _Toc435644128]OBC Error Handling Procedure
REQ: INMS-I-180
In the event of an error being detected by the CubeSat, the procedure given in section 15.4.2 shall be followed – (repeated here for ease of reading):

· turn OFF the INMS
· generate OBC_SU_ERR packet (see 15.4.1.1 for OBC_SU_ERR definition)
· wait 60 sec
· turn ON the INMS
· re-run SCRIPT from the next TIMES-TABLE time-field value after the current UTC time (see CubeSat Software Requirements for INMS).

Figure 15‑3 shows the state machine for CubeSat error handling.



[bookmark: _Ref368613740][bookmark: _Toc435644187]Figure 15‑3 - CubeSat Error Handling State Diagram



[bookmark: _Ref370303621][bookmark: _Toc370698339][bookmark: _Toc435644129]OBC_SU_ERR Packet Definition
REQ: INMS-I-181
The CubeSat teams shall produce The OBC_SU_ERR packet of the format:

	 
	 
	OBC_SU_ERR format
	
	
	
	
	
	
	
	

	Byte Addr
	Hdr \ Data Field
	name
	bytes
	Reg Name
	Comment

	b0
	0
	RSP_ID
	1
	OBC_SU_ERR = 0xFA
	 

	b1
	1
	SEQ_CNT
	1
	 
	 

	0
	2
	 
	1
	rsp_err_code
	

	1
	3
	Script #running
	2
	XSUM_R
	UNIT16 - Little Endian format (low byte first)

	3
	5
	HDR #Running
	1
	UTC_start_0
	
	
	
	
	
	
	
	

	4
	6
	 
	1
	UTC_start_1
	
	
	
	
	
	
	
	

	5
	7
	 
	1
	UTC_start_2
	
	
	
	
	
	
	
	

	6
	8
	 
	1
	UTC_start_3
	
	
	
	
	
	
	
	

	7
	9
	 
	1
	hdr_sn_0
	
	
	
	
	
	
	
	

	8
	10
	 
	1
	hdr_sn_1
	
	
	
	
	
	
	
	

	9
	11
	 
	1
	hdr_sn_2
	
	
	
	
	
	
	
	

	10
	12
	 
	1
	hdr_sn_3
	
	
	
	
	
	
	
	

	11
	13
	 
	1
	SW_ver+SU_ID
	
	
	
	
	
	
	
	

	12
	14
	 
	1
	type+SU_MD
	12
	
	
	
	
	
	
	

	13
	15
	Script #0
	2
	XSUM_0
	
	
	
	
	
	
	
	

	15
	17
	HDR #0
	1
	UTC_start_0
	
	
	
	
	
	
	
	

	16
	18
	 
	1
	UTC_start_1
	
	
	
	
	
	
	
	

	17
	19
	 
	1
	UTC_start_2
	
	
	
	
	
	
	
	

	18
	20
	 
	1
	UTC_start_3
	
	
	
	
	
	
	
	

	19
	21
	 
	1
	hdr_sn_0
	
	
	
	
	
	
	
	

	20
	22
	 
	1
	hdr_sn_1
	
	
	
	
	
	
	
	

	21
	23
	 
	1
	hdr_sn_2
	
	
	
	
	
	
	
	

	22
	24
	 
	1
	hdr_sn_3
	
	
	
	
	
	
	
	

	23
	25
	 
	1
	SW_ver+SU_ID
	
	
	
	
	
	
	
	

	24
	26
	 
	1
	type+SU_MD
	12
	
	
	
	
	
	
	

	25
	27
	Script #1
	2
	XSUM_1
	
	
	
	
	
	
	
	

	27
	29
	HDR #1
	1
	UTC_start_0
	
	
	
	
	
	
	
	

	28
	30
	 
	1
	UTC_start_1
	
	
	
	
	
	
	
	

	29
	31
	 
	1
	UTC_start_2
	
	
	
	
	
	
	
	

	30
	32
	 
	1
	UTC_start_3
	
	
	
	
	
	
	
	

	31
	33
	 
	1
	hdr_sn_0
	
	
	
	
	
	
	
	

	32
	34
	 
	1
	hdr_sn_1
	
	
	
	
	
	
	
	

	33
	35
	 
	1
	hdr_sn_2
	
	
	
	
	
	
	
	

	34
	36
	 
	1
	hdr_sn_3
	
	
	
	
	
	
	
	

	35
	37
	 
	1
	SW_ver+SU_ID
	
	
	
	
	
	
	
	

	36
	38
	 
	1
	type+SU_MD
	12
	
	
	
	
	
	
	

	37
	39
	Script #2
	2
	XSUM_2
	
	
	
	
	
	
	
	

	39
	41
	HDR #2
	1
	UTC_start_0
	
	
	
	
	
	
	
	

	40
	42
	 
	1
	UTC_start_1
	
	
	
	
	
	
	
	

	41
	43
	 
	1
	UTC_start_2
	
	
	
	
	
	
	
	

	42
	44
	 
	1
	UTC_start_3
	
	
	
	
	
	
	
	

	43
	45
	 
	1
	hdr_sn_0
	
	
	
	
	
	
	
	

	44
	46
	 
	1
	hdr_sn_1
	
	
	
	
	
	
	
	

	45
	47
	 
	1
	hdr_sn_2
	
	
	
	
	
	
	
	

	46
	48
	 
	1
	hdr_sn_3
	
	
	
	
	
	
	
	

	47
	49
	 
	1
	SW_ver+SU_ID
	
	
	
	
	
	
	
	

	48
	50
	 
	1
	type+SU_MD
	12
	
	
	
	
	
	
	

	49
	51
	Script #3
	2
	XSUM_3
	
	
	
	
	
	
	
	

	51
	53
	HDR #3
	1
	UTC_start_0
	
	
	
	
	
	
	
	

	52
	54
	 
	1
	UTC_start_1
	
	
	
	
	
	
	
	

	53
	55
	 
	1
	UTC_start_2
	
	
	
	
	
	
	
	

	54
	56
	 
	1
	UTC_start_3
	
	
	
	
	
	
	
	

	55
	57
	 
	1
	hdr_sn_0
	
	
	
	
	
	
	
	

	56
	58
	 
	1
	hdr_sn_1
	
	
	
	
	
	
	
	

	57
	59
	 
	1
	hdr_sn_2
	
	
	
	
	
	
	
	

	58
	60
	 
	1
	hdr_sn_3
	
	
	
	
	
	
	
	

	59
	61
	 
	1
	SW_ver+SU_ID
	
	
	
	
	
	
	
	

	60
	62
	 
	1
	type+SU_MD
	12
	
	
	
	
	
	
	

	61
	63
	Script #4
	2
	XSUM_4
	
	
	
	
	
	
	
	

	63
	65
	HDR #4
	1
	UTC_start_0
	
	
	
	
	
	
	
	

	64
	66
	 
	1
	UTC_start_1
	
	
	
	
	
	
	
	

	65
	67
	 
	1
	UTC_start_2
	
	
	
	
	
	
	
	

	66
	68
	 
	1
	UTC_start_3
	
	
	
	
	
	
	
	

	67
	69
	 
	1
	hdr_sn_0
	
	
	
	
	
	
	
	

	68
	70
	 
	1
	hdr_sn_1
	
	
	
	
	
	
	
	

	69
	71
	 
	1
	hdr_sn_2
	
	
	
	
	
	
	
	

	70
	72
	 
	1
	hdr_sn_3
	
	
	
	
	
	
	
	

	71
	73
	 
	1
	SW_ver+SU_ID
	
	
	
	
	
	
	
	

	72
	74
	 
	1
	type+SU_MD
	12
	
	
	
	
	
	
	

	73
	75
	Script #5
	2
	XSUM_5
	
	
	
	
	
	
	
	

	75
	77
	HDR #5
	1
	UTC_start_0
	
	
	
	
	
	
	
	

	76
	78
	 
	1
	UTC_start_1
	
	
	
	
	
	
	
	

	77
	79
	 
	1
	UTC_start_2
	
	
	
	
	
	
	
	

	78
	80
	 
	1
	UTC_start_3
	
	
	
	
	
	
	
	

	79
	81
	 
	1
	hdr_sn_0
	
	
	
	
	
	
	
	

	80
	82
	 
	1
	hdr_sn_1
	
	
	
	
	
	
	
	

	81
	83
	 
	1
	hdr_sn_2
	
	
	
	
	
	
	
	

	82
	84
	 
	1
	hdr_sn_3
	
	
	
	
	
	
	
	

	83
	85
	 
	1
	SW_ver+SU_ID
	
	
	
	
	
	
	
	

	84
	86
	 
	1
	type+SU_MD
	12
	
	
	
	
	
	
	

	85
	87
	Script #6
	2
	XSUM_6
	
	
	
	
	
	
	
	

	87
	89
	HDR #6
	1
	UTC_start_0
	
	
	
	
	
	
	
	

	88
	90
	 
	1
	UTC_start_1
	
	
	
	
	
	
	
	

	89
	91
	 
	1
	UTC_start_2
	
	
	
	
	
	
	
	

	90
	92
	 
	1
	UTC_start_3
	
	
	
	
	
	
	
	

	91
	93
	 
	1
	hdr_sn_0
	
	
	
	
	
	
	
	

	92
	94
	 
	1
	hdr_sn_1
	
	
	
	
	
	
	
	

	93
	95
	 
	1
	hdr_sn_2
	
	
	
	
	
	
	
	

	94
	96
	 
	1
	hdr_sn_3
	
	
	
	
	
	
	
	

	95
	97
	 
	1
	SW_ver+SU_ID
	
	
	
	
	
	
	
	

	96
	98
	 
	1
	type+SU_MD
	12
	
	
	
	
	
	
	

	97
	99
	58
	1
	NULL
	
	
	
	
	
	
	
	

	98
	100
	58
	1
	NULL
	
	
	
	
	
	
	
	

	99
	101
	58
	1
	NULL
	
	
	
	
	
	
	
	

	100
	102
	58
	1
	NULL
	
	
	
	
	
	
	
	

	101
	103
	58
	1
	NULL
	
	
	
	
	
	
	
	

	102
	104
	58
	1
	NULL
	
	
	
	
	
	
	
	

	103
	105
	58
	1
	NULL
	
	
	
	
	
	
	
	

	104
	106
	58
	1
	NULL
	
	
	
	
	
	
	
	

	105
	107
	58
	1
	NULL
	
	
	
	
	
	
	
	

	106
	108
	58
	1
	NULL
	
	
	
	
	
	
	
	

	107
	109
	58
	1
	NULL
	
	
	
	
	
	
	
	

	108
	110
	58
	1
	NULL
	
	
	
	
	
	
	
	

	109
	111
	58
	1
	NULL
	
	
	
	
	
	
	
	

	110
	112
	58
	1
	NULL
	
	
	
	
	
	
	
	

	111
	113
	58
	1
	NULL
	
	
	
	
	
	
	
	

	112
	114
	58
	1
	NULL
	
	
	
	
	
	
	
	

	113
	115
	58
	1
	NULL
	
	
	
	
	
	
	
	

	114
	116
	58
	1
	NULL
	
	
	
	
	
	
	
	

	115
	117
	58
	1
	NULL
	
	
	
	
	
	
	
	

	116
	118
	58
	1
	NULL
	
	
	
	
	
	
	
	

	117
	119
	58
	1
	NULL
	
	
	
	
	
	
	
	

	118
	120
	58
	1
	NULL
	
	
	
	
	
	
	
	

	119
	121
	58
	1
	NULL
	
	
	
	
	
	
	
	

	120
	122
	59
	1
	NULL
	
	
	
	
	
	
	
	

	121
	123
	60
	1
	NULL
	
	
	
	
	
	
	
	

	122
	124
	61
	1
	NULL
	
	
	
	
	
	
	
	

	123
	125
	62
	1
	NULL
	
	
	
	
	
	
	
	

	124
	126
	63
	1
	NULL
	
	
	
	
	
	
	
	

	125
	127
	64
	1
	NULL
	
	
	
	
	
	
	
	

	126
	128
	65
	1
	NULL
	
	
	
	
	
	
	
	

	127
	129
	66
	1
	NULL
	
	
	
	
	
	
	
	

	128
	130
	67
	1
	NULL
	
	
	
	
	
	
	
	

	129
	131
	68
	1
	NULL
	
	
	
	
	
	
	
	

	130
	132
	68
	1
	NULL
	
	
	
	
	
	
	
	

	131
	133
	68
	1
	NULL
	
	
	
	
	
	
	
	

	132
	134
	68
	1
	NULL
	
	
	
	
	
	
	
	

	133
	135
	68
	1
	NULL
	
	
	
	
	
	
	
	

	134
	136
	68
	1
	NULL
	
	
	
	
	
	
	
	

	135
	137
	68
	1
	NULL
	
	
	
	
	
	
	
	

	136
	138
	68
	1
	NULL
	
	
	
	
	
	
	
	

	137
	139
	68
	1
	NULL
	
	
	
	
	
	
	
	

	138
	140
	68
	1
	NULL
	
	
	
	
	
	
	
	

	139
	141
	68
	1
	NULL
	
	
	
	
	
	
	
	

	140
	142
	68
	1
	NULL
	
	
	
	
	
	
	
	

	141
	143
	68
	1
	NULL
	
	
	
	
	
	
	
	

	142
	144
	68
	1
	NULL
	
	
	
	
	
	
	
	

	143
	145
	68
	1
	NULL
	
	
	
	
	
	
	
	

	144
	146
	68
	1
	NULL
	
	
	
	
	
	
	
	

	145
	147
	68
	1
	NULL
	
	
	
	
	
	
	
	

	146
	148
	68
	1
	NULL
	
	
	
	
	
	
	
	

	147
	149
	68
	1
	NULL
	
	
	
	
	
	
	
	

	148
	150
	68
	1
	NULL
	
	
	
	
	
	
	
	

	149
	151
	68
	1
	NULL
	
	
	
	
	
	
	
	

	150
	152
	68
	1
	NULL
	
	
	
	
	
	
	
	

	151
	153
	68
	1
	NULL
	
	
	
	
	
	
	
	

	152
	154
	68
	1
	NULL
	
	
	
	
	
	
	
	

	153
	155
	68
	1
	NULL
	
	
	
	
	
	
	
	

	154
	156
	68
	1
	NULL
	
	
	
	
	
	
	
	

	155
	157
	68
	1
	NULL
	
	
	
	
	
	
	
	

	156
	158
	68
	1
	NULL
	
	
	
	
	
	
	
	

	157
	159
	68
	1
	NULL
	
	
	
	
	
	
	
	

	158
	160
	68
	1
	NULL
	
	
	
	
	
	
	
	

	159
	161
	68
	1
	NULL
	
	
	
	
	
	
	
	

	160
	162
	68
	1
	NULL
	
	
	
	
	
	
	
	

	161
	163
	68
	1
	NULL
	
	
	
	
	
	
	
	

	162
	164
	68
	1
	NULL
	
	
	
	
	
	
	
	

	163
	165
	68
	1
	NULL
	
	
	
	
	
	
	
	

	164
	166
	68
	1
	NULL
	
	
	
	
	
	
	
	

	165
	167
	68
	1
	NULL
	
	
	
	
	
	
	
	

	166
	168
	68
	1
	NULL
	
	
	
	
	
	
	
	

	167
	169
	68
	1
	NULL
	
	
	
	
	
	
	
	

	168
	170
	68
	1
	NULL
	
	
	
	
	
	
	
	

	169
	171
	68
	1
	NULL
	
	
	
	
	
	
	
	

	170
	172
	68
	1
	NULL
	
	
	
	
	
	
	
	

	171
	173
	68
	1
	NULL
	63
	
	
	
	
	
	
	


Table 15‑315‑3 - OBC_SU_ERR Packet Format (repeated from Appendix 5)



REQ: INMS-I-182

The OBC_SU_ERR “rsp_err_code” byte is defined as:

	STATUS_REG
	
	Comment  (16-bit register)

	Rsp_err_code

	00h
	No Error

	
	F0h
	INMS packet time-out error

	
	F1h
	INMS packet length error detected

	
	F2h
	INMS emergency turn OFF executed

	
	F3h
	INMS over-current condition detected

	
	F4h
	INMS script command error detected

	
	F5h-FFh
	To be defined by each CubeSat team

	
	
	

	
	
	


Table 15‑415‑4 – OBC_ERR Error Code Definition


REQ: INMS-I-183
If a CubeSat team wishes to add additional error codes, these may be added into the “RSP_ERR_CODE” field using hex codes F5h to FFh. 
 
These definitions shall be communicated back to MSSL
The OBC_SU_ERR packets produced by your CubeSat Script handler are part of the INMS Science data allocation, and are to be stored with INMS data in MASS MEMORY.

[bookmark: _Toc349751135][bookmark: _Toc353209807]REQ: INMS-I-184
The CubeSat Teams shall send their OBC_ERR definition to MSSL as part of the FRR.


[bookmark: _Toc370698340][bookmark: _Ref370913248][bookmark: _Ref370913317][bookmark: _Toc435644130]INMS Error Handling Procedure
In the case of the INMS detecting an error, the INMS shall:
· ABORT the on-going operation.
· Turn OFF the HV unit.
· Set an ERROR_FLAG in the HK_STATUS_REG,.
· Send a SU_ERR packet. 
· Switch OFF SU_HK & SU_STM packets.
· Wait for-ever (i.e. until OBC cycles INMS power)

Figure 15‑4 shows the state machine for INMS error handling.



[bookmark: _Ref368613816][bookmark: _Toc435644188]Figure 15‑4 - INMS Error Handling State Diagram
[bookmark: _Toc349751136][bookmark: _Toc353209808]

[bookmark: _Toc370698341][bookmark: _Toc435644131]Script Handling (v2.0)
Figure 15‑5 shows the script flow of operation. The arrowed numbers show the time sequence of operations.



 
[bookmark: _Ref368614512][bookmark: _Toc435644189]Figure 15‑5 - RUNNING SCRIPT: Operation Flow Diagram
There are THREE main sections in the script:
· Script Header
· Times-Table
· Script Sequences

These are described in the following sections.

[bookmark: _Toc370698342][bookmark: _Toc435644132]SCRIPT: Script Header Definition
The script header uses 12 bytes.  
All parameters are in Little Endian format. 
The script header consists of the following information:

	Bytes
	Bit position
	Name
	Comment

	B1,B0
	b15..b0
	Script_LENGTH
	Script length in BYTES of COMPLETE script file

	B5..B2
	b31..b0
	T_STARTTIME
	UTC time at which to start running the script

	B9..B6
	b31..b0
	FILE_S/N
	File Serial Number

	B10
	b4..b0
	SW_ver
	Version of SCRIPT TOOL used to write this script

	
	b6,b5
	SU_ID
	 
	   Science Unit :

	
	
	
	 
	    00: reserved

	
	
	
	 
	    01: INMS

	
	
	
	 
	    10: LP

	
	
	
	 
	    11: FIPEX

	
	b7
	“0”
	Not used = ‘0’

	B11
	b4..b0
	SCRIPT_TYPE
	Identifies intended usage of script :

	
	
	
	 00000
	general

	
	
	
	 00001
	low power

	
	
	
	 00010
	stage #1 test (INMS_SIM)

	
	
	
	 00011
	stage #2 test (FM_DIGITAL pcb + dummy)

	
	
	
	 00100
	stage #3 test (FM INMS on-ground test)

	
	
	
	00101 .. 00111
	SPARE

	
	
	
	 01000
	User Defined#1 (for use by CubeSat team)

	
	
	
	 01001
	User Defined#2 (for use by CubeSat team)

	
	
	
	01010
	User Defined#3 (for use by CubeSat team)

	
	
	
	 01011
	User Defined#4 (for use by CubeSat team)

	
	
	
	 01100
	User Defined#5 (for use by CubeSat team)

	
	
	
	 01101
	User Defined#6 (for use by CubeSat team)

	
	
	
	 01110
	User Defined#7 (for use by CubeSat team)

	
	
	
	 '01111
	User Defined#8 (for use by CubeSat team)

	
	
	
	10000
	FM science script #1 (SU team defined)

	
	
	
	10001
	FM science script #2 (SU team defined)

	
	
	
	10010
	FM science script #3 (SU team defined)

	
	
	
	10011
	FM science script #4 (SU team defined)

	
	
	
	10100
	FM science script #5 (SU team defined)

	
	
	
	10101
	FM science script #6 (SU team defined)

	
	
	
	10110
	FM science script #7 (SU team defined)

	
	
	
	10111
	FM science script #8 (SU team defined)

	
	
	
	11000 .. 11111
	SPARE

	
	b6,b5
	SU_MD
	 
	SU model :

	
	
	
	 
	    00: BB : Bread Board

	
	
	
	 
	    01: EM: Engineering Model

	
	
	
	 
	    10: QM: Qualification Model

	
	
	
	 
	    11: FM: Flight Model

	
	b7
	“0”
	 
	Not used = ‘0’

	
	
	
	
	

	
	
	
	
	


Table 15‑515‑5 - Script Header Definition

NOTE:
1) In addition to the checksum field, a CubeSat script handler shall use the first parameter (<Script_LENGTH>) as an additional check that the script is correct.

2) The SCRIPT_TYPE field (codes 0x8 to 0xF) may be used by CubeSat teams to define the script that they write for testing.  It is up to the CubeSat team to document the usage (meaning) of codes 0x8 to 0xF.



REQ: INMS-I-185
The CubeSat script handler shall check the script headers for the “t_STARTTIME” UTC time to determine when & which script to start running.  
This script shall be identified as the RUNNING SCRIPT.

REQ: INMS-I-186
Once the “t_STARTTIME” UTC time of a script in any IDLE SLOT buffer becomes ready to run, it shall replace the script in the RUNNING SCRIPT buffer and start to run. 
NOTE: At all times, the script with the most recent date/timestamp shall be the active script.

[bookmark: _Toc370698343]REQ: INMS-I-187
“t_STARTTIME” shall be relative to the UTC epoch given in ND5.




[bookmark: _Toc435644133]SCRIPT: Times-Table
REQ: INMS-I-220
The CubeSat shall read the first three bytes form the TIMES-TABLE field and decode these as the 24-hour period TIME at which to start running the SCRIPT_SEQUENCE pointed to by SCRIPT_INDEX.

The TIMES-TABLE fields are of the format:

	Byte No.
	Parameter
	Comment

	B0
	TIME  - Seconds
	Range “00” to “59”

	B1
	TIME – Minutes
	Range “00” to “59”

	B2
	TIME  - Hours
	Hours range “00” to “23”

	B3
	Script_INDEX
	INDEX values:

	
	
	     0x41  = S1 script sequence

	
	
	     0x42  = S2 script sequence

	
	
	     0x43  = S3 script sequence

	
	
	     0x44  = S4 script sequence

	
	
	     0x45  = S5 script sequence

	
	
	     0x55  = EOT:  End-of-Table

	
	
	


Table 15‑615‑6 - SCRIPT: Times-Table Format

[bookmark: _Toc370698344][bookmark: _Toc435644134]SCRIPT: Times-Table: Script_INDEX
As can be seen, the values of the Script_INDEX are above the valid range of the TIME field, so INDICES are easy to find.  Index EOT (0x55) is the code that indicates the end of the script. 

REQ: INMS-I-225
On reaching the EOT (0x55) code in the Times-Table, the SCRIPT shall be re-run from the start of the TIMES-TABLE.
[bookmark: _Toc370698345]
[bookmark: _Toc435644135]SCRIPT: Script Sequences
As can be seen from Figure 15‑5, there are 5 SCRIPT-SEQUENCE “slots”: S1..S5, which could be coded as 5 ARRAY’s, then each sequence (array) would contain the following sub-fields:

· 2-byte delay time field: deltaTIME:  the length of time (in seconds) to wait AFTER executing the CMD. This is how long OBC should wait to allow the INMS to execute the command.
· nn-bytes of  the CMD to decode and execute.  This could be a command for the CubeSat to execute (OBC_xx), or an INMS command (SU_xx).

The Script-Sequence fields are of the format:

	Byte No.
	Parameter
	Comment

	B0
	deltaTIME (sec)
	Range “00” to “59” – seconds to wait forafter command to finish

	B1
	deltaTIME (mins)
	Range “00” to “59” – minutes to wait forafter command to finish

	B2
	CMD_ID
	Command ID

	B3
	LEN
	Length in BYTES of parameter field : B4 to LEN, i.e. 10 to 255

	B4…
	SEQ_CNT
	Command Counter: 0 to 255 (then roll-over).
NOTE: SEQ_CNT parameter in the COMMAND is to count contiguous INMS commands – see ND8 section for details about SEQ_CNT usage for response packets. 
NOTE: SEQ_CNT is in fact param_0

	
	Param_1
	First command parameter.

	
	Param_2
	Second command parameter

	..LEN-2
	Param_LEN-2
	Last command parameter

	
	
	


Table 15‑715‑7 - SCRIPT: Script-Sequences Format

REQ: INMS-I-228
Script-Sequence “S1” should only be used to do once-a-day sequences (e.g. INMS health check-out).  
The general-purpose script-sequences (S2..S5) are the ones to use to repeat orbit science sequences.

REQ: INMS-I-229
Script sequence slots shall be used sequentially, i.e S1, S2, S3 …

THIS IS AN ERROR : S1, S3, S4, S5			\\should have used S2 after S1


[bookmark: _Toc370698346][bookmark: _Toc435644136]SCRIPT: Flow Chart of Operation
Figure 15‑6 illustrates how the script operation should run by the CubeSat.

[bookmark: _Ref370306887]
[bookmark: _Toc435644190][bookmark: _Toc370698347]Figure 15‑6 - Script Operation Flow Chart

[bookmark: _Toc435644137]CubeSat Script Commands
REQ: INMS-I-190
Table 15‑8 lists the SCRIPT commands to control the INMS operation from the CubeSat.

	NaAme
	CMD_ID
	RSP_ID
	LEN
	Parameters

	OBC_SU_ON 
	0xF1
	-
	2
	seq_cnt , SAFETY_ON

	OBC_SU_OFF 
	0xF2
	-
	1
	seq_cnt

	SU_RESET
	0x02
	-
	1
	seq_cnt

	SU _STIM
	0x04
	0x04
	2
	seq_cnt, t_STIM_run,

	SU _LDP
	0x05
	-
	LEN
	seq_cnt, MODE , addr, B0, B1, …B_LEN-3

	SU _HC
	0x06
	0x06
	4
	seq_cnt, [STIM+V_start]U16, sw_HC_anaU8

	SU _CAL
	0x07
	0x07
	4
	seq_cnt, [STIM+V_start]U16, sw_CAL_anaU8

	SU _SCI
	0x08
	0x08
	6
	seq_cnt, [offset +STIM+V_start]U16, t_dwellU16, rpt

	SU HK
	-
	0x09
	-
	Fixed 174 bytes packet – see SU_HK for details

	SU _STM
	-
	0x0A
	-
	Fixed 174 bytes packet – see SU_STM for details 

	SU_DUMP
	0x0B
	0x0B
	1
	seq_cnt

	SU _HVARM
	0x53
	-
	1
	seq_cnt

	SU _HVON
	0xC9
	-
	1
	seq_cnt

	SU_ERR
	-
	0xBB
	-
	Fixed 174 bytes – see SU_ERR for details

	OBC_SU_ERR
	-
	0xFA
	-
	Fixed 174 bytes – see OBC_SU_ERR for details

	OBC_SU_HK
	-
	
	-
	command deprecated

	OBC_EOT
	0xFE
	-
	1
	seq_cnt


Table 15‑8 - INMS Script Commands/Response Packets

[bookmark: _Toc349751137][bookmark: _Toc353209809][bookmark: _Toc370698348][bookmark: _Toc435644138]OBC and INMS SCRIPT Commands
REQ: INMS-I-200
The OBC shall decode and execute any SCRIPT command prefixed by “OBC_”, and shall NOT send it to the INMS. 
As can be seen OBC specific commands begin with HEX 0xF in the CMD_ID field. All other (valid) codes represent INMS commands.

Note: The command names shown here are MNEMONICS to help human users to understand & write scripts in an easy manner: these ASCII strings shall be encoded into binary codes for actual uplink to CubeSats. See next section for details.
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[bookmark: _Toc435644140]OBC_SU_ON
To execute this script command, the OBC shall turn ON the power to INMS.

[bookmark: _Toc387329261][bookmark: _Toc435644141]OBC_SU_ON command parameters:

	Parameter
	Unit
	Default Value
	Comment

	LEN
	U8
	02
	the number of BYTES to follow

	SEQ_CNT
	U8
	SEQ_CNT++
	wrap-around sequential packet count: range 0 to FFh

	SAFTEY_ON
	U8
	ON
	ON = AAh, OFF = 33h.  
When ON, OBC shall only turn ON INMS when within SAFE operational temperatures.
When OFF, OBC shall ALWAYS turn ON INMS, EVEN if outside SAFE operational temperatures.

	
	
	
	


Table 15‑9 – SU_ON Command Parameter Format

[bookmark: _Toc435644142]OBC_SU_OFF
To execute this script command, OBC shall first DISABLE the UART interface to the INMS, to stop spurious interrupt triggers being seen by UART handler when INMS power is switched OFF, then OBC shall turn OFF the power to INMS.

[bookmark: _Toc435644143]OBC_SU_ERR
On determining an error, the OBC shall produce an OBC_SU_ERR packet.  See section 15.4.1

[bookmark: _Toc435644144]OBC_SU_HK
Command has been deprecated.

[bookmark: _Toc435644145]OBC_SU_EOT
The CMD_ID for OBC_EOT indicates that this is the end of the SEQUENCE.  Move to the next TIME-FIELD.

[bookmark: _Toc435644146]An Example INMS Script
Below is shown an example of an INMS script for reference only.
Remember that ONLY the CONOPS or INMS personnel shall ever write a script to be run on a FM_INMS as based on the Integration Plan. 

[bookmark: _Toc424762499][bookmark: _Toc424902903][bookmark: _Toc428184569][bookmark: _Toc435644147]Example INMS Command Sequence Script (TEXT VERSION)
Below is an example of the “prettified” human readable TEXT output produced by the INMS_ScriptTool.  I have additionally added extra comments, shown in BLUE, to aid explanation.


Script_LEN:												
258d																	// The Script file length

Script_HDR:
t_Start:2015/07/18 11:00:06, S/N:D1CE90B6, Model:Stage #2, type:0, ID:INMS, Ver:06h  // first wait for
    //t_STARTTIME
    //to be reached

TimeTable:
00 05 00           S1													// S1 index – My once-a-day check of INMS
00 10 00           S2													// S2 index – run sequence at POL			
00 30 00           S3													// S3 index – run sequence at EQUATOR
00 50 00           S2													// S2 index – run sequence at POL
01 10 00           S3													// S3 index – run sequence at EQUATOR
01 30 00           S2													// S2 index – run sequence at POL
                   		EOT												// EOT marker, so repeat from S1 index

ScriptSequences:
S1:
00 10 OBC_SU_ON	02 01 ON								// OBC command to turn ON INMS
00 10 SU_STIM      	02 02 64 msec							// send this command to INMS to execute
00 10 SU_DUMP   		01 03 										// recommended SU__DUMP before SU_OFF
00 10 OBC_SU_OFF  01 04										// OBC to turn OFF INMS 
00 10 OBC_EOT      	01 05										// marker to move to NEXT Script-Sequence
 
S2:
00 10 OBC_SU_ON    02 06 ON								// OBC command to turn ON INMS
00 10 SU_LDP       	51 07 n_step_hv(100), t_step_hv(1), hv_max(2500), hv_min(2000),
                         			N0(79h), I0(1Ah), N1(1Ch), I1(49h), N2(0Ah), I2(8Eh), 
                         			n_step_F(64), %X_F(99), k_VionF(1000), t_step_F(16), t_dwell(10), 
                         			v_ion(36), v_th(2111), v_th_step(4), v_led(959), 
                         			n_step_B(16), %X_B(99), t_step_B(32), 
               V_NB0(9435),V_NB1(16519),V_NB2(18875),V_IB0(9435),
     V_IB1(16519),V_IB2(18875), 
                         		     File_S/N(D1CE90B6), SCR_HDR(Model:Stage #2, 
type:00, ID:INMS, ver:06h) 			//send this command to INMS to execute

00 10 SU_HVARM		01 08 
02 00 SU_HVON   		01 09 
10 00 SU_SCI   		06 10 offSet_OFF, STIM_OFF, 3784 mV, 10000 msec, rpt:5	   // NOTE: delay time
																										   // of TEN mins to
   // allow SU_SCI to 
        // to finish
00 10 SU_DUMP    	01 11 										// recommended SU_DUMP before SU_OFF
00 10 OBC_SU_OFF	01 12 										// OBC to turn OFF INMS
00 10 OBC_EOT  		01 13 										// End-of-sequence marker

S3:
00 10 OBC_SU_ON    02 14 ON
00 10 SU_LDP       	51 15 n_step_hv(100), t_step_hv(1), hv_max(2500), hv_min(2000),
                         			N0(79h), I0(1Ah), N1(1Ch), I1(49h), N2(0Ah), I2(8Eh), 
                         			n_step_F(64), %X_F(99), k_VionF(1000), t_step_F(16), t_dwell(10), 
                         			v_ion(36), v_th(2111), v_th_step(4), v_led(959), 
                         			n_step_B(16), %X_B(99), t_step_B(32), 
                         			V_NB0(9435),V_NB1(16519),V_NB2(18875), V_IB0(9435),
V_IB1(16519),V_IB2(18875), 
                         			File_S/N(D1CE90B6), SCR_HDR(Model:Stage #2, type:00, ID:INMS, ver:06h) 
00 10 SU_HVARM    	01 16 
02 00 SU_HVON     	01 17 
10 00 SU_SCI      		06 18 offSet_OFF, STIM_OFF, 3784 mV, 10000 msec, rpt:10  // NOTE: delay to
  // allow SU_SCI 
  // to finish
00 10 SU_DUMP    	01 19 
00 10 OBC_SU_OFF  01 20 
00 10 OBC_EOT      	01 21

XSUM:																			// my checksum values
28
6B

[bookmark: _Toc428184571][bookmark: _Toc428184572][bookmark: _Toc428184573][bookmark: _Toc428184574][bookmark: _Toc428184575][bookmark: _Toc428184576][bookmark: _Toc428184577][bookmark: _Toc428184578][bookmark: _Toc428184579][bookmark: _Toc428184580][bookmark: _Toc428184581][bookmark: _Toc428184582][bookmark: _Toc428184583][bookmark: _Toc428184584][bookmark: _Toc428184585][bookmark: _Toc428184586][bookmark: _Toc428184587][bookmark: _Toc428184588][bookmark: _Toc428184589][bookmark: _Toc428184590][bookmark: _Toc428184591][bookmark: _Toc428184592][bookmark: _Toc428184593][bookmark: _Toc428184594][bookmark: _Toc428184595][bookmark: _Toc428184596][bookmark: _Toc428184597][bookmark: _Toc428184598][bookmark: _Toc428184599][bookmark: _Toc428184600][bookmark: _Toc428184601][bookmark: _Toc428184602][bookmark: _Toc428184603][bookmark: _Toc428184604][bookmark: _Toc428184605][bookmark: _Toc428184606][bookmark: _Toc428184607][bookmark: _Toc428184608][bookmark: _Toc428184609][bookmark: _Toc428184610][bookmark: _Toc428184611][bookmark: _Toc428184612][bookmark: _Toc428184613][bookmark: _Toc428184614][bookmark: _Toc370698350][bookmark: _Toc435644148]Example INMS Command Sequence Script (BINARY VERSION)
This is the corresponding BYTE file that would be uploaded to your CubeSat:

02 01 36 EE 3C 1D B6 90 CE D1 26 40 00 05 00 41
00 0A 00 42 00 1E 00 43 00 32 00 42 00 0a 01 43 
00 1E 01 42 55 0A 00 F1 02 01 AA 0A 00 04 02 02  
40 0A 00 0B 01 03 0A 00 F2 01 04 0A 00 FE 01 05
0A 00 F1 02 06 AA 0A 00 05 33 07 77 00 64 01 C4 
09 D0 07 79 49 1A 0A 1C 8E 40 63 E8 03 10 0A 00 
B4 00 4F 0A 05 00 5F 09 10 63 20 20 10 3B 1C 42 
20 20 10 3B 1C 42 20 B6 90 CE D1 26 40 0A 00 53
01 08 00 02 C9 01 09 00 0A 08 06 0A 1C 02 10 27
05 0A 00 0B 01 0B 0A 00 F2 01 0C 0A 00 FE 01 0D
0A 00 F1 02 0E AA 0A 00 05 33 0F 77 00 64 01 C4
09 D0 07 79 49 1A 0A 1C 8E 40 63 E8 03 10 0A 00
B4 00 4F 0A 05 00 5F 09 10 63 20 20 10 3B 1C 42
20 20 10 3B 1C 42 20 B6 90 CE D1 26 40 0A 00 53
01 10 00 02 C9 01 11 00 0A 08 06 12 1C 02 10 27
0A 0A 00 0B 01 13 0A 00 F2 01 14 0A 00 FE 01 15
28 6B 
[bookmark: _Toc349751141][bookmark: _Toc353209813] 

[bookmark: _Toc370698351][bookmark: _Toc435644149]INMS Response Packet Structure to CubeSat
REQ: INMS-I-240
Response packets are of a FIXED 174 BYTE size. The packet structure given in Table 15‑8 shall be used to transmit responses from the INMS to the CubeSat.
NOTE: the RSP_ID’s shown below are the ONLY response packets generated by commands. The RSP_ID corresponds to the SCRIPT CMD that generated the response packet.

	Byte #
	Parameter
	Comment

	B0
	RSP_ID
	A response packet can be any one of the following ID’s:

	
	
	        04 = SU_STIM packet

	
	
	        06 = SU_HC packet

	
	
	        07 = SU_CAL packet

	
	
	        08 = SU_SCI packet

	
	
	        09 = SU_HK packet

	
	
	        0A = SU_STM packet

	
	
	        0B = SU_DUMP packet

	
	
	        BB = SU_ERR packet

	B1
	SEQ_CNT
	Wrap-around counters: 0 to 255 per RSP_ID type i.e. for EACH RSP_ID type, there are SEPARATE seq_cnt counters: each rolling over at 255 decimal.
So, SU_STM has its own SEQ_CNT (0..255), then SU_HC has its own SEQ_CNT counter, etc

	B173.. B2
	DATA
	Fixed size DATA field of 172 bytes.  Packet format details given in ND8.


[bookmark: _Ref355019380]Table 15‑1015‑8 - INMS Response Packet Format

NOTE: In addition to the above INMS response packets, the CubeSat can generate the following response packet:

· OBC_SU_ERR


[bookmark: _Toc370698352][bookmark: _Toc435644150]Data Rates and Volumes
REQ: INMS-I-250
Each CubeSat carrying an INMS science unit shall communicate a volume of at least 2 Megabits of science data per day to the ground station that is operated by the university providing the CubeSat.   

INMS shall be designed to operate within an orbital average power budget of 500 mW 

Scripts will control the ON/OFF times of INMS such that the orbit average power consumption of INMS is within 500 mW
INMS-S-150
Data rates & volumes are all aspects of Concept-of-Operation (CONOPS).  As such, cadence, duty cycle & instrument resolution can vastly impact the size of data generated by the INMS instrument. 

The aim is to write the INMS control script so that the allocated SCIENCE data rate of 2Mb/day is generated by the instrument.



[bookmark: _Toc435644151]Example INMS Operation Scenario
The baseline 0.5 W power usage and 2 Mbit/day downlink allocation could be achieved by preparing the CONOPS plan shown below.  

NOTE: This is ONLY an example to show the principle of CONOPS.  

From the INMS power profile, the following INMS ON/OFF time periods are calculated, per orbit, to achieve an average power usage of 0.5 W:


 
[bookmark: _Toc435644191]Figure 15‑8 - Example INMS ON/OFF Orbit Periods



Iterating the parameters for each INMS command and orbit totals, yields the following table: 

	pkt rate (min)
	21
	OFF
	9
	OFF
	21
	OFF
	9
	OFF
	Line total pkts/orbit
	Line total pkts per/day

	SU_HK(min)
	6
	3
	-
	1
	-
	3
	-
	1
	-
	8
	120

	SU_STM(min)
	5
	4
	-
	1
	-
	4
	-
	1
	-
	10
	150

	SU_SCI(tSCI)
	0.8992
	23
	-
	10
	-
	23
	-
	10
	-
	66
	990

	SU_DUMP(@OFF)
	1
	1
	 
	1
	 
	1
	 
	1
	 
	4
	60

	SU_HC(per day)
	1
	1
	-
	-
	-
	-
	-
	-
	-
	1
	15

	SU_CAL(per day)
	1
	1
	-
	-
	-
	-
	-
	-
	-
	1
	15

	SU_STIM(per day)
	1
	1
	-
	-
	-
	-
	-
	-
	-
	1
	15

	TOTAL pkts/day
	1365

	bits/day
	1,900,080


Table 15‑1115‑9 - INMS packet data rates per day

So the INMS script would have the following settings:
· Set SU_SCI to generate 174 byte SCIENCE data packets every 53.952 sec (tSCI).
· Set STM to generate ONE 174 byte STM data packet every 5 mins with each of the six STM channels being sampled every 13 sec.
· Set HK to generate ONE 174 byte HK data packet every 6 mins with all 10 HK channels being sampled every 39 sec.

The periods of INMS ON/OFF function as a way of controlling the average INMS power consumption over an orbit (and hence also over the 24 hour period too).  Thus INMS power is kept within the budget figure. 
With the above example, the various SCRIPT parameters for the INMS commands would achieve approx. 1.9Mb/day of SCIENCE DATA. 

Note: These figures DO NOT include the COMMS protocol overhead, but DO include the SU header that OBC shall attach to every SU data packet.
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[bookmark: _Toc370698355][bookmark: _Ref371972889]

[bookmark: _Toc435644152]Appendix 1 – INMS Mechanical Structure
INMS-E-230
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[bookmark: _Ref371983285][bookmark: _Ref370303355][bookmark: _Toc435644192]Figure 16‑1 - QB50 INMS Science Unit Mechanical Interface Drawing ver 9
[bookmark: _Toc370698356][bookmark: _Toc435644153]Appendix 2 – INMS to Pumpkin Structure Adapter Plate
For your information only:  MSSL does not supply the adapter plate.
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[bookmark: _Toc435644193]Figure 17‑1 - INMS to Pumpkin Structure Adapter Plate 
[bookmark: _Toc370698357][bookmark: _Ref371945636][bookmark: _Ref371968275][bookmark: _Ref373751213][bookmark: _Ref373751230][bookmark: _Toc435644154]Appendix 3 – STM Transducer Monitor Locations In INMS
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[bookmark: _Toc435644194]Figure 18‑1 - STM Transducer Locations
[bookmark: _Toc370698358][bookmark: _Toc435644155]Appendix 4 – STM Transducer Monitor Circuit Used In INMS


[bookmark: _Toc435644195]Figure 19‑1 - STM Interface Circuit on INMS Board
[bookmark: _Toc435644156]Appendix 5 – INMS Response Packets’ Structure
[bookmark: _Toc387329272][bookmark: _Toc435644157]SU_STIM (0x04) response packet format:

One full 174 byte packet is sent back to the OBC. The STIM circuit is run at t_STIM_run intervals repeatedly until the COUNTS fill upto the limit of one packet.

	
	
	STIM format
	

	
	
	name
	bytes
	Reg Name 
	Comment

	0
	B0
	RSP_ID
	1
	 SU_STIM= 0x04
	 

	1
	B1
	SEQ_CNT
	1
	
	 

	2
	0
	COUNTS
	2
	COUNTS_1
	UINT16 - Little Endian format (low byte first)

	4
	2
	 
	2
	COUNTS_2
	

	6
	4
	 
	2
	COUNTS_3
	

	8
	6
	 
	2
	COUNTS_4
	

	10
	8
	 
	2
	COUNTS_5
	

	12
	10
	 
	2
	COUNTS_6
	

	14
	12
	 
	2
	COUNTS_7
	

	16
	14
	 
	2
	COUNTS_8
	

	18
	16
	 
	2
	COUNTS_9
	

	20
	18
	 
	2
	COUNTS_10
	

	22
	20
	 
	2
	COUNTS_11
	

	24
	22
	 
	2
	COUNTS_12
	

	26
	24
	 
	2
	COUNTS_13
	

	28
	26
	 
	2
	COUNTS_14
	

	30
	28
	 
	2
	COUNTS_15
	

	32
	30
	 
	2
	COUNTS_16
	

	34
	32
	 
	2
	COUNTS_17
	

	36
	34
	 
	2
	COUNTS_18
	

	38
	36
	 
	2
	COUNTS_19
	

	40
	38
	 
	2
	COUNTS_20
	

	42
	40
	 
	2
	COUNTS_21
	

	44
	42
	 
	2
	COUNTS_22
	

	46
	44
	 
	2
	COUNTS_23
	

	48
	46
	 
	2
	COUNTS_24
	

	50
	48
	 
	2
	COUNTS_25
	

	52
	50
	 
	2
	COUNTS_26
	

	54
	52
	 
	2
	COUNTS_27
	

	56
	54
	 
	2
	COUNTS_28
	

	58
	56
	 
	2
	COUNTS_29
	

	60
	58
	 
	2
	COUNTS_30
	

	62
	60
	 
	2
	COUNTS_31
	

	64
	62
	 
	2
	COUNTS_32
	

	66
	64
	 
	2
	COUNTS_33
	

	68
	66
	 
	2
	COUNTS_34
	

	70
	68
	 
	2
	COUNTS_35
	

	72
	70
	 
	2
	COUNTS_36
	

	74
	72
	 
	2
	COUNTS_37
	

	76
	74
	 
	2
	COUNTS_38
	

	78
	76
	 
	2
	COUNTS_39
	

	80
	78
	 
	2
	COUNTS_40
	

	82
	80
	 
	2
	COUNTS_41
	

	84
	82
	 
	2
	COUNTS_42
	

	86
	84
	 
	2
	COUNTS_43
	

	88
	86
	 
	2
	COUNTS_44
	

	90
	88
	 
	2
	COUNTS_45
	

	92
	90
	 
	2
	COUNTS_46
	

	94
	92
	 
	2
	COUNTS_47
	

	96
	94
	 
	2
	COUNTS_48
	

	98
	96
	 
	2
	COUNTS_49
	

	100
	98
	 
	2
	COUNTS_50
	

	102
	100
	 
	2
	COUNTS_51
	

	104
	102
	 
	2
	COUNTS_52
	

	106
	104
	 
	2
	COUNTS_53
	

	108
	106
	 
	2
	COUNTS_54
	

	110
	108
	 
	2
	COUNTS_55
	

	112
	110
	 
	2
	COUNTS_56
	

	114
	112
	 
	2
	COUNTS_57
	

	116
	114
	 
	2
	COUNTS_58
	

	118
	116
	 
	2
	COUNTS_59
	

	120
	118
	 
	2
	COUNTS_60
	

	122
	120
	 
	2
	COUNTS_61
	

	124
	122
	 
	2
	COUNTS_62
	

	126
	124
	 
	2
	COUNTS_63
	

	128
	126
	 
	2
	COUNTS_64
	

	130
	128
	 
	2
	COUNTS_65
	

	132
	130
	 
	2
	COUNTS_66
	

	134
	132
	 
	2
	COUNTS_67
	

	136
	134
	 
	2
	COUNTS_68
	

	138
	136
	 
	2
	COUNTS_69
	

	140
	138
	 
	2
	COUNTS_70
	

	142
	140
	 
	2
	COUNTS_71
	

	144
	142
	 
	2
	COUNTS_72
	

	146
	144
	 
	2
	COUNTS_73
	

	148
	146
	 
	2
	COUNTS_74
	

	150
	148
	 
	2
	COUNTS_75
	

	152
	150
	 
	2
	COUNTS_76
	

	154
	152
	 
	2
	COUNTS_77
	

	156
	154
	 
	2
	COUNTS_78
	

	158
	156
	 
	2
	COUNTS_79
	

	160
	158
	 
	2
	COUNTS_80
	

	162
	160
	 
	2
	COUNTS_81
	

	164
	162
	 
	2
	COUNTS_82
	

	166
	164
	 
	2
	COUNTS_83
	

	168
	166
	 
	2
	COUNTS_84
	

	170
	168
	 
	2
	COUNTS_83
	

	172
	169
	 
	2
	COUNTS_84
	174


Table 20‑120‑1 - SU_STIM Response Packet Format

Total Science Packet Size = 174 Bytes


[bookmark: _Toc387329278][bookmark: _Toc435644158]SU_HC (0x06) response packet format:

	
	
	RSP_HC format
	

	Byte Addr
	Hdr \ Data Field
	name
	Bytes
	Reg Name
	Comment

	0
	B0
	RSP_ID
	1
	SU_HC = 0x06
	response  for SU_HC

	1
	B1
	SEQ_CNT
	1
	 
	 

	2
	0
	 
	1
	V_HV_H
	Current value of HV_mon from ADC: MSB

	3
	1
	 
	1
	V_HV_L
	Current value of HV_mon from ADC: LSB

	4
	2
	 
	2
	Counts_0
	UINT16 - BIG Endian format (high byte first)

	6
	3
	 
	2
	Counts_1
	

	8
	4
	 
	2
	Counts_2
	

	10
	5
	 
	2
	Counts_3
	

	12
	6
	 
	2
	Counts_4
	

	14
	7
	 
	2
	Counts_5
	

	16
	8
	 
	2
	Counts_6
	

	18
	9
	 
	2
	Counts_7
	

	20
	10
	 
	2
	Counts_8
	

	22
	11
	 
	2
	Counts_9
	

	24
	12
	 
	2
	Counts_10
	

	26
	13
	 
	2
	Counts_11
	

	28
	14
	 
	2
	Counts_12
	

	30
	15
	 
	2
	Counts_13
	

	32
	16
	 
	2
	Counts_14
	

	34
	17
	 
	2
	Counts_15
	

	36
	18
	 
	2
	Counts_16
	

	38
	19
	 
	2
	Counts_17
	

	40
	20
	 
	2
	Counts_18
	

	42
	21
	 
	2
	Counts_19
	

	44
	22
	 
	2
	Counts_20
	

	46
	23
	 
	2
	Counts_21
	

	48
	24
	 
	2
	Counts_22
	

	50
	25
	 
	2
	Counts_23
	

	52
	26
	 
	2
	Counts_24
	

	54
	27
	 
	2
	Counts_25
	

	56
	28
	 
	2
	Counts_26
	

	58
	29
	 
	2
	Counts_27
	

	60
	30
	 
	2
	Counts_28
	

	62
	31
	 
	2
	Counts_29
	

	64
	32
	 
	2
	Counts_30
	

	66
	33
	 
	2
	Counts_31
	

	68
	34
	 
	2
	Counts_32
	

	70
	35
	 
	2
	Counts_33
	

	72
	36
	 
	2
	Counts_34
	

	74
	37
	 
	2
	Counts_35
	

	76
	38
	 
	2
	Counts_36
	

	78
	39
	 
	2
	Counts_37
	

	80
	40
	 
	2
	Counts_38
	

	82
	41
	 
	2
	Counts_39
	

	84
	42
	 
	2
	Counts_40
	

	86
	43
	 
	2
	Counts_41
	

	88
	44
	 
	2
	Counts_42
	

	90
	45
	 
	2
	Counts_43
	

	92
	46
	 
	2
	Counts_44
	

	94
	47
	 
	2
	Counts_45
	

	96
	48
	 
	2
	Counts_46
	

	98
	49
	 
	2
	Counts_47
	

	100
	50
	 
	2
	Counts_48
	

	102
	51
	 
	2
	Counts_49
	

	104
	52
	 
	2
	Counts_50
	

	106
	53
	 
	2
	Counts_51
	

	108
	54
	 
	2
	Counts_52
	

	110
	55
	 
	2
	Counts_53
	

	112
	56
	 
	2
	Counts_54
	

	114
	57
	 
	2
	Counts_55
	

	116
	58
	 
	2
	Counts_56
	

	118
	59
	 
	2
	Counts_57
	

	120
	60
	 
	2
	Counts_58
	

	122
	61
	 
	2
	Counts_59
	

	124
	62
	 
	2
	Counts_60
	

	126
	63
	 
	2
	Counts_61
	

	128
	64
	 
	2
	Counts_62
	

	130
	65
	 
	2
	Counts_63
	128

	132
	66
	 
	1
	NULL
	

	133
	67
	 
	1
	NULL
	

	134
	68
	 
	1
	NULL
	

	135
	69
	 
	1
	NULL
	

	136
	70
	 
	1
	NULL
	

	137
	71
	 
	1
	NULL
	

	138
	72
	 
	1
	NULL
	

	139
	73
	 
	1
	NULL
	

	140
	74
	 
	1
	NULL
	

	141
	75
	 
	1
	NULL
	

	142
	76
	 
	1
	NULL
	

	143
	77
	 
	1
	NULL
	

	144
	78
	 
	1
	NULL
	

	145
	79
	 
	1
	NULL
	

	146
	80
	 
	1
	NULL
	

	147
	81
	 
	1
	NULL
	

	148
	82
	 
	1
	NULL
	

	149
	83
	 
	1
	NULL
	

	150
	84
	 
	1
	NULL
	

	151
	85
	 
	1
	NULL
	

	152
	86
	 
	1
	NULL
	

	153
	87
	 
	1
	NULL
	

	154
	88
	 
	1
	NULL
	

	155
	89
	 
	1
	NULL
	

	156
	90
	 
	1
	NULL
	

	157
	91
	 
	1
	NULL
	

	158
	92
	 
	1
	NULL
	

	159
	93
	 
	1
	NULL
	

	160
	94
	 
	1
	NULL
	

	161
	95
	 
	1
	NULL
	

	162
	96
	 
	1
	NULL
	

	163
	97
	 
	1
	NULL
	

	164
	98
	 
	1
	NULL
	

	165
	99
	 
	1
	NULL
	

	166
	100
	 
	1
	NULL
	

	167
	101
	 
	1
	NULL
	

	168
	102
	 
	1
	NULL
	

	169
	103
	 
	1
	NULL
	

	170
	104
	 
	1
	NULL
	

	171
	105
	 
	1
	NULL
	

	172
	106
	 
	1
	NULL
	

	173
	107
	 
	1
	NULL
	42


Table 20‑220‑2 - SU_HC Response Packet Format

Total Health Check Packet Size = 174 Bytes


[bookmark: _Toc387329281][bookmark: _Toc435644159]SU_CAL(0x07) response packet format:

	
	
	RSP_CAL format
	

	Byte Addr
	Hdr \ Data Field
	name
	Bytes
	Reg Name
	Comment

	0
	B0
	RSP_ID
	1
	SU_CAL = 0x07
	response  for SU_CAL

	1
	B1
	SEQ_CNT
	1
	 
	 

	2
	0
	 
	1
	V_TH_H
	Current value of calculated Vth: MSB

	3
	1
	 
	1
	V_TH_L
	Current value of calculated Vth: LSB

	4
	2
	 
	2
	Counts_0
	UINT16 - BIG Endian format (high byte first)

	6
	3
	 
	2
	Counts_1
	

	8
	4
	 
	2
	Counts_2
	

	10
	5
	 
	2
	Counts_3
	

	12
	6
	 
	2
	Counts_4
	

	14
	7
	 
	2
	Counts_5
	

	16
	8
	 
	2
	Counts_6
	

	18
	9
	 
	2
	Counts_7
	

	20
	10
	 
	2
	Counts_8
	

	22
	11
	 
	2
	Counts_9
	

	24
	12
	 
	2
	Counts_10
	

	26
	13
	 
	2
	Counts_11
	

	28
	14
	 
	2
	Counts_12
	

	30
	15
	 
	2
	Counts_13
	

	32
	16
	 
	2
	Counts_14
	

	34
	17
	 
	2
	Counts_15
	

	36
	18
	 
	2
	Counts_16
	

	38
	19
	 
	2
	Counts_17
	

	40
	20
	 
	2
	Counts_18
	

	42
	21
	 
	2
	Counts_19
	

	44
	22
	 
	2
	Counts_20
	

	46
	23
	 
	2
	Counts_21
	

	48
	24
	 
	2
	Counts_22
	

	50
	25
	 
	2
	Counts_23
	

	52
	26
	 
	2
	Counts_24
	

	54
	27
	 
	2
	Counts_25
	

	56
	28
	 
	2
	Counts_26
	

	58
	29
	 
	2
	Counts_27
	

	60
	30
	 
	2
	Counts_28
	

	62
	31
	 
	2
	Counts_29
	

	64
	32
	 
	2
	Counts_30
	

	66
	33
	 
	2
	Counts_31
	

	68
	34
	 
	2
	Counts_32
	

	70
	35
	 
	2
	Counts_33
	

	72
	36
	 
	2
	Counts_34
	

	74
	37
	 
	2
	Counts_35
	

	76
	38
	 
	2
	Counts_36
	

	78
	39
	 
	2
	Counts_37
	

	80
	40
	 
	2
	Counts_38
	

	82
	41
	 
	2
	Counts_39
	

	84
	42
	 
	2
	Counts_40
	

	86
	43
	 
	2
	Counts_41
	

	88
	44
	 
	2
	Counts_42
	

	90
	45
	 
	2
	Counts_43
	

	92
	46
	 
	2
	Counts_44
	

	94
	47
	 
	2
	Counts_45
	

	96
	48
	 
	2
	Counts_46
	

	98
	49
	 
	2
	Counts_47
	

	100
	50
	 
	2
	Counts_48
	

	102
	51
	 
	2
	Counts_49
	

	104
	52
	 
	2
	Counts_50
	

	106
	53
	 
	2
	Counts_51
	

	108
	54
	 
	2
	Counts_52
	

	110
	55
	 
	2
	Counts_53
	

	112
	56
	 
	2
	Counts_54
	

	114
	57
	 
	2
	Counts_55
	

	116
	58
	 
	2
	Counts_56
	

	118
	59
	 
	2
	Counts_57
	

	120
	60
	 
	2
	Counts_58
	

	122
	61
	 
	2
	Counts_59
	

	124
	62
	 
	2
	Counts_60
	

	126
	63
	 
	2
	Counts_61
	

	128
	64
	 
	2
	Counts_62
	

	130
	65
	 
	2
	Counts_63
	128

	132
	66
	 
	1
	NULL
	

	133
	67
	 
	1
	NULL
	

	134
	68
	 
	1
	NULL
	

	135
	69
	 
	1
	NULL
	

	136
	70
	 
	1
	NULL
	

	137
	71
	 
	1
	NULL
	

	138
	72
	 
	1
	NULL
	

	139
	73
	 
	1
	NULL
	

	140
	74
	 
	1
	NULL
	

	141
	75
	 
	1
	NULL
	

	142
	76
	 
	1
	NULL
	

	143
	77
	 
	1
	NULL
	

	144
	78
	 
	1
	NULL
	

	145
	79
	 
	1
	NULL
	

	146
	80
	 
	1
	NULL
	

	147
	81
	 
	1
	NULL
	

	148
	82
	 
	1
	NULL
	

	149
	83
	 
	1
	NULL
	

	150
	84
	 
	1
	NULL
	

	151
	85
	 
	1
	NULL
	

	152
	86
	 
	1
	NULL
	

	153
	87
	 
	1
	NULL
	

	154
	88
	 
	1
	NULL
	

	155
	89
	 
	1
	NULL
	

	156
	90
	 
	1
	NULL
	

	157
	91
	 
	1
	NULL
	

	158
	92
	 
	1
	NULL
	

	159
	93
	 
	1
	NULL
	

	160
	94
	 
	1
	NULL
	

	161
	95
	 
	1
	NULL
	

	162
	96
	 
	1
	NULL
	

	163
	97
	 
	1
	NULL
	

	164
	98
	 
	1
	NULL
	

	165
	99
	 
	1
	NULL
	

	166
	100
	 
	1
	NULL
	

	167
	101
	 
	1
	NULL
	

	168
	102
	 
	1
	NULL
	

	169
	103
	 
	1
	NULL
	

	170
	104
	 
	1
	NULL
	

	171
	105
	 
	1
	NULL
	

	172
	106
	 
	1
	NULL
	

	173
	107
	 
	1
	NULL
	42


Table 20‑320‑3 - SU_CAL Response Packet Format

Total Calibration Packet Size = 	174 Bytes


[bookmark: _Toc387329284][bookmark: _Toc435644160]SU_SCI(0x08) response packet format:

	
	
	RSP_SCI format
	

	Byte Addr
	Hdr \ Data Field
	name
	bits
	Reg Name
	Comment

	0
	B0
	RSP_ID
	8
	 SU_SCI = 0x08
	 

	1
	B1
	SEQ_CNT
	8
	 
	 

	2
	0
	N0:
	16
	I_ION
	UINT16 - BIG Endian format (high byte first)

	4
	2
	N0:
	5
	channel of Vpk1
	

	…
	…
	 
	5
	channel of Vpk2
	

	
	
	N0:
	12
	BURST_0_count_0
	    UINT12 – BIG Endian format 

	
	
	 
	12
	BURST_0_count_1
	

	
	
	 
	12
	BURST_0_count_2
	

	
	
	 
	12
	BURST_0_count_3
	

	
	
	 
	12
	BURST_0_count_4
	

	
	
	 
	12
	BURST_0_count_5
	

	
	
	 
	12
	BURST_0_count_6
	

	
	
	 
	12
	BURST_0_count_7
	

	
	
	 
	12
	BURST_0_count_8
	

	
	
	 
	12
	BURST_0_count_9
	

	
	
	 
	12
	BURST_0_count_10
	

	
	
	 
	12
	BURST_0_count_11
	

	
	
	 
	12
	BURST_0_count_12
	

	
	
	 
	12
	BURST_0_count_13
	

	
	
	 
	12
	BURST_0_count_14
	

	
	
	 
	12
	BURST_0_count_15
	

	
	
	 
	12
	BURST_1_count_0
	

	
	
	 
	12
	BURST_1_count_1
	

	
	
	 
	12
	BURST_1_count_2
	

	
	
	 
	12
	BURST_1_count_3
	

	
	
	 
	12
	BURST_1_count_4
	

	
	
	 
	12
	BURST_1_count_5
	

	
	
	 
	12
	BURST_1_count_6
	

	
	
	 
	12
	BURST_1_count_7
	

	
	
	 
	12
	BURST_1_count_8
	

	
	
	 
	12
	BURST_1_count_9
	

	
	
	 
	12
	BURST_1_count_10
	

	
	
	 
	12
	BURST_1_count_11
	

	
	
	 
	12
	BURST_1_count_12
	

	
	
	 
	12
	BURST_1_count_13
	

	
	
	 
	12
	BURST_1_count_14
	

	
	
	 
	12
	BURST_1_count_15
	

	
	
	 
	12
	BURST_2_count_0
	

	
	
	 
	12
	BURST_2_count_1
	

	
	
	 
	12
	BURST_2_count_2
	

	
	
	 
	12
	BURST_2_count_3
	

	
	
	 
	12
	BURST_2_count_4
	

	
	
	 
	12
	BURST_2_count_5
	

	
	
	 
	12
	BURST_2_count_6
	

	
	
	 
	12
	BURST_2_count_7
	

	
	
	 
	12
	BURST_2_count_8
	

	
	
	 
	12
	BURST_2_count_9
	

	
	
	 
	12
	BURST_2_count_10
	

	
	
	 
	12
	BURST_2_count_11
	

	
	
	 
	12
	BURST_2_count_12
	

	
	
	 
	12
	BURST_2_count_13
	

	
	
	 
	12
	BURST_2_count_14
	

	
	
	 
	12
	BURST_2_count_15
	

	
	
	I0:
	5
	channel of Vpk1
	

	
	
	 
	5
	channel of Vpk2
	

	
	
	I0:
	12
	BURST_0_count_0
	

	
	
	 
	12
	BURST_0_count_1
	

	
	
	 
	12
	BURST_0_count_2
	

	
	
	 
	12
	BURST_0_count_3
	

	
	
	 
	12
	BURST_0_count_4
	

	
	
	 
	12
	BURST_0_count_5
	

	
	
	 
	12
	BURST_0_count_6
	

	
	
	 
	12
	BURST_0_count_7
	

	
	
	 
	12
	BURST_0_count_8
	

	
	
	 
	12
	BURST_0_count_9
	

	
	
	 
	12
	BURST_0_count_10
	

	
	
	 
	12
	BURST_0_count_11
	

	
	
	 
	12
	BURST_0_count_12
	

	
	
	 
	12
	BURST_0_count_13
	

	
	
	 
	12
	BURST_0_count_14
	

	
	
	 
	12
	BURST_0_count_15
	

	
	
	 
	12
	BURST_1_count_0
	

	
	
	 
	12
	BURST_1_count_1
	

	
	
	 
	12
	BURST_1_count_2
	

	
	
	 
	12
	BURST_1_count_3
	

	
	
	 
	12
	BURST_1_count_4
	

	
	
	 
	12
	BURST_1_count_5
	

	
	
	 
	12
	BURST_1_count_6
	

	
	
	 
	12
	BURST_1_count_7
	

	
	
	 
	12
	BURST_1_count_8
	

	
	
	 
	12
	BURST_1_count_9
	

	
	
	 
	12
	BURST_1_count_10
	

	
	
	 
	12
	BURST_1_count_11
	

	
	
	 
	12
	BURST_1_count_12
	

	
	
	 
	12
	BURST_1_count_13
	

	
	
	 
	12
	BURST_1_count_14
	

	
	
	 
	12
	BURST_1_count_15
	

	
	
	 
	12
	BURST_2_count_0
	

	
	
	 
	12
	BURST_2_count_1
	

	
	
	 
	12
	BURST_2_count_2
	

	
	
	 
	12
	BURST_2_count_3
	

	
	
	 
	12
	BURST_2_count_4
	

	
	
	 
	12
	BURST_2_count_5
	

	
	
	 
	12
	BURST_2_count_6
	

	
	
	 
	12
	BURST_2_count_7
	

	
	
	 
	12
	BURST_2_count_8
	

	
	
	 
	12
	BURST_2_count_9
	

	
	
	 
	12
	BURST_2_count_10
	

	
	
	 
	12
	BURST_2_count_11
	

	
	
	 
	12
	BURST_2_count_12
	

	
	
	 
	12
	BURST_2_count_13
	

	
	
	 
	12
	BURST_2_count_14
	

	
	
	 
	12
	BURST_2_count_15
	

	
	
	N1:
	5
	channel of Vpk1
	

	
	
	 
	5
	channel of Vpk2
	

	
	
	N1:
	12
	BURST_B0_count_0
	

	
	
	 
	12
	BURST_B1_count_1
	

	
	
	 
	12
	BURST_B2_count_2
	

	
	
	I1:
	5
	channel of Vpk1
	

	
	
	 
	5
	channel of Vpk2
	

	
	
	I1:
	12
	BURST_B0_count_0
	

	
	
	 
	12
	BURST_B1_count_1
	

	
	
	 
	12
	BURST_B2_count_2
	

	
	
	N2:
	5
	channel of Vpk1
	

	
	
	 
	5
	channel of Vp2
	

	
	
	N2:
	12
	BURST_B0_count_0
	

	
	
	 
	12
	BURST_B1_count_1
	

	
	
	 
	12
	BURST_B2_count_2
	

	
	
	I2:
	5
	channel of Vpk1
	

	
	
	 
	5
	channel of Vpk2
	

	
	
	I2:
	12
	BURST_B0_count_0
	

	
	
	 
	12
	BURST_B1_count_1
	

	
	
	 
	12
	BURST_B2_count_2
	

	
	
	Count_OvrFlw
	1
	Burst_n_OverFlow
	

	
	
	VLED_OvrFlw
	1
	VLED_OVERLFOW
	

	
	
	-
	1
	NULL
	

	
	1,392
	-
	1
	NULL
	


Table 20‑420‑4 – SU_SCI Response Packet Format

Total Science Packet Size = 	1,392 bits,
  = 174 Bytes


[bookmark: _Toc435644161]SU_HK(0x09) response packet format:

	 
	 
	RSP_HK format
	
	
	
	
	
	
	
	

	Byte Addr
	Hdr \ Data Field
	name
	bytes
	Reg Name
	Comment

	b0
	0
	RSP_ID
	1
	SU_HK = 0x09
	 

	b1
	1
	SEQ_CNT
	1
	 
	 

	b2
	2
	 
	1
	cmd_id_err
	UINT16 - Little Endian format (low byte first)

	b3
	3
	 
	1
	cmd_err_code
	
	
	
	
	
	
	
	

	b4
	4
	 
	1
	local_cmd_err
	
	ADC0
	ADC1
	
	t
	
	
	

	0
	5
	HK set #1
	2
	30V
	
	
	0
	
	5
	
	
	

	2
	7
	 
	2
	10V
	
	
	1
	
	10
	
	
	

	4
	9
	 
	2
	-5V
	
	
	2
	
	15
	
	
	

	6
	11
	 
	2
	+5V
	
	
	3
	
	20
	
	
	

	8
	13
	 
	2
	3V3
	
	
	4
	
	25
	
	
	

	10
	15
	 
	2
	V_th
	
	
	5
	
	30
	
	
	

	12
	17
	 
	2
	V_ION
	
	
	6
	
	35
	
	
	

	14
	19
	 
	2
	V_swp1
	
	
	7
	
	40
	
	
	

	16
	21
	 
	2
	HV_mon
	
	5
	
	
	45
	
	
	

	18
	23
	 
	2
	I_LED
	20
	7
	
	
	50
	
	
	

	20
	25
	HK set #2
	2
	30V
	
	
	0
	
	55
	
	
	

	22
	27
	 
	2
	10V
	
	
	1
	
	60
	
	
	

	24
	29
	 
	2
	-5V
	
	
	2
	
	65
	
	
	

	26
	31
	 
	2
	+5V
	
	
	3
	
	70
	
	
	

	28
	33
	 
	2
	3V3
	
	
	4
	
	75
	
	
	

	30
	35
	 
	2
	V_th
	
	
	5
	
	80
	
	
	

	32
	37
	 
	2
	V_ION
	
	
	6
	
	85
	
	
	

	34
	39
	 
	2
	V_swp1
	
	
	7
	
	90
	
	
	

	36
	41
	 
	2
	HV_mon
	
	5
	
	
	95
	
	
	

	38
	43
	 
	2
	I_LED
	20
	7
	
	
	100
	
	
	

	40
	45
	HK set #3
	2
	30V
	
	
	0
	
	105
	
	
	

	42
	47
	 
	2
	10V
	
	
	1
	
	110
	
	
	

	44
	49
	 
	2
	-5V
	
	
	2
	
	115
	
	
	

	46
	51
	 
	2
	+5V
	
	
	3
	
	120
	
	
	

	48
	53
	 
	2
	3V3
	
	
	4
	
	125
	
	
	

	50
	55
	 
	2
	V_th
	
	
	5
	
	130
	
	
	

	52
	57
	 
	2
	V_ION
	
	
	6
	
	135
	
	
	

	54
	59
	 
	2
	V_swp1
	
	
	7
	
	140
	
	
	

	56
	61
	 
	2
	HV_mon
	
	5
	
	
	145
	
	
	

	58
	63
	 
	2
	I_LED
	20
	7
	
	
	150
	
	
	

	60
	65
	HK set #4
	2
	30V
	
	
	0
	
	155
	
	
	

	62
	67
	 
	2
	10V
	
	
	1
	
	160
	
	
	

	64
	69
	 
	2
	-5V
	
	
	2
	
	165
	
	
	

	66
	71
	 
	2
	+5V
	
	
	3
	
	170
	
	
	

	68
	73
	 
	2
	3V3
	
	
	4
	
	175
	
	
	

	70
	75
	 
	2
	V_th
	
	
	5
	
	180
	
	
	

	72
	77
	 
	2
	V_ION
	
	
	6
	
	185
	
	
	

	74
	79
	 
	2
	V_swp1
	
	
	7
	
	190
	
	
	

	76
	81
	 
	2
	HV_mon
	
	5
	
	
	195
	
	
	

	78
	83
	 
	2
	I_LED
	20
	7
	
	
	200
	
	
	

	80
	85
	HK set #5
	2
	30V
	
	
	0
	
	205
	
	
	

	82
	87
	 
	2
	10V
	
	
	1
	
	210
	
	
	

	84
	89
	 
	2
	-5V
	
	
	2
	
	215
	
	
	

	86
	91
	 
	2
	+5V
	
	
	3
	
	220
	
	
	

	88
	93
	 
	2
	3V3
	
	
	4
	
	225
	
	
	

	90
	95
	 
	2
	V_th
	
	
	5
	
	230
	
	
	

	92
	97
	 
	2
	V_ION
	
	
	6
	
	235
	
	
	

	94
	99
	 
	2
	V_swp1
	
	
	7
	
	240
	
	
	

	96
	101
	 
	2
	HV_mon
	
	5
	
	
	245
	
	
	

	98
	103
	 
	2
	I_LED
	
	7
	
	
	250
	
	
	

	100
	105
	HK set #6
	2
	30V
	
	
	0
	
	255
	
	
	

	102
	107
	 
	2
	10V
	
	
	1
	
	260
	
	
	

	104
	109
	 
	2
	-5V
	
	
	2
	
	265
	
	
	

	106
	111
	 
	2
	+5V
	
	
	3
	
	270
	
	
	

	108
	113
	 
	2
	3V3
	
	
	4
	
	275
	
	
	

	110
	115
	 
	2
	V_th
	
	
	5
	
	280
	
	
	

	112
	117
	 
	2
	V_ION
	
	
	6
	
	285
	
	
	

	114
	119
	 
	2
	V_swp1
	
	
	7
	
	290
	
	
	

	116
	121
	 
	2
	HV_mon
	
	5
	
	
	295
	
	
	

	118
	123
	 
	2
	I_LED
	20
	7
	
	
	300
	
	
	

	120
	125
	HK set #7
	2
	30V
	
	
	0
	
	305
	
	
	

	122
	127
	 
	2
	10V
	
	
	1
	
	310
	
	
	

	124
	129
	 
	2
	-5V
	
	
	2
	
	315
	
	
	

	126
	131
	 
	2
	+5V
	
	
	3
	
	320
	
	
	

	128
	133
	 
	2
	3V3
	
	
	4
	
	325
	
	
	

	130
	135
	 
	2
	V_th
	
	
	5
	
	330
	
	
	

	132
	137
	 
	2
	V_ION
	
	
	6
	
	335
	
	
	

	134
	139
	 
	2
	V_swp1
	
	
	7
	
	340
	
	
	

	136
	141
	 
	2
	HV_mon
	
	5
	
	
	345
	
	
	

	138
	143
	 
	2
	I_LED
	
	7
	
	
	350
	
	
	

	140
	145
	HK set #8
	2
	30V
	
	
	0
	
	355
	
	
	

	142
	147
	 
	2
	10V
	
	
	1
	
	360
	
	
	

	144
	149
	 
	2
	-5V
	
	
	2
	
	365
	
	
	

	146
	151
	 
	2
	+5V
	
	
	3
	
	370
	
	
	

	148
	153
	 
	2
	3V3
	
	
	4
	
	375
	
	
	

	150
	155
	 
	2
	V_th
	
	
	5
	
	380
	
	
	

	152
	157
	 
	2
	V_ION
	
	
	6
	
	385
	
	
	

	154
	159
	 
	2
	V_swp1
	
	
	7
	
	390
	
	
	

	156
	161
	 
	2
	HV_mon
	
	5
	
	
	395
	
	
	

	158
	163
	 
	2
	I_LED
	20
	7
	
	
	400
	
	
	

	160
	165
	60
	1
	NULL
	
	
	
	
	
	
	
	

	161
	166
	61
	1
	NULL
	
	
	
	
	
	
	
	

	162
	167
	62
	1
	NULL
	
	
	
	
	
	
	
	

	163
	166
	63
	1
	NULL
	
	
	
	
	
	
	
	

	164
	167
	64
	1
	NULL
	
	
	
	
	
	
	
	

	165
	168
	65
	1
	NULL
	
	
	
	
	
	
	
	

	166
	168
	66
	1
	NULL
	
	
	
	
	
	
	
	

	167
	169
	67
	1
	NULL
	
	
	
	
	
	
	
	

	168
	170
	68
	1
	NULL
	0
	
	
	
	
	
	
	


Table 20‑520‑5 - SU_HK Response Packet Format

Total HK Packet Size = 	174 Bytes


[bookmark: _Toc435644162]HK Header Definition
The HK Header bytes are defined as:

	STATUS_REG
	
	Comment  (16-bit register)

	Cmd_Id

	00h
	No Command ID

	
	02h
	SU_RESET ID

	
	04h
	SU_STIM ID

	
	05h
	SU_LDP ID

	
	06h
	SU_HC ID

	
	07h
	SU_CAL ID

	
	08h
	SU_SCI ID

	
	09h
	SU_HK ID

	
	0Ah
	SU_STM ID

	
	0Bh
	SU_DUMP ID

	
	53h
	SU_HVARM ID

	
	C9h
	SU_HVON ID

	
	BBh
	SU_ERR ID

	Cmd_error_code

	00h
	No error

	
	D0h
	Board ID read error

	
	D1h
	command length error

	
	D2h
	UART RX error

	
	D3h
	UART fifo FF (FIFO-FULL) error

	
	D4h
	UART TO (timeout) error

	
	D5h
	HVARM command error

	
	D6h
	HVON command error

	Local_error_code
	00h
	HK_NO_ERR

	
	A0h
	HK_PKT_ERR   (error in HK packet detected)

	
	
	


Table 20‑620‑6 – HK Error Codes Definition


[bookmark: _Toc435644163]SU_STM (0x0A) response packet format:

	
	
	STM format
	

	Byte Addr
	Hdr \ Data Field
	name
	bytes
	Reg Name
	Comment

	0
	B0
	RSP_ID
	1
	 SU_STM = 0x0A
	 

	1
	B1
	SEQ_CNT
	1
	 
	 

	2
	0
	set #1
	2
	STM_0
	UIN16 - Little Endian format (low byte first)

	4
	2
	 
	2
	STM_1
	

	6
	4
	 
	2
	STM_2
	

	8
	6
	 
	2
	STM_3
	

	10
	8
	 
	2
	STM_4
	

	12
	10
	 
	2
	STM_5
	25

	14
	12
	set #2
	2
	STM_0
	

	16
	14
	 
	2
	STM_1
	

	18
	16
	 
	2
	STM_2
	

	20
	18
	 
	2
	STM_3
	

	22
	20
	 
	2
	STM_4
	

	24
	22
	 
	2
	STM_5
	50

	26
	24
	set #3
	2
	STM_0
	

	28
	26
	 
	2
	STM_1
	

	30
	28
	 
	2
	STM_2
	

	32
	30
	 
	2
	STM_3
	

	34
	32
	 
	2
	STM_4
	

	36
	34
	 
	2
	STM_5
	75

	38
	36
	set #4
	2
	STM_0
	

	40
	38
	 
	2
	STM_1
	

	42
	40
	 
	2
	STM_2
	

	44
	42
	 
	2
	STM_3
	

	46
	44
	 
	2
	STM_4
	

	48
	46
	 
	2
	STM_5
	100

	50
	48
	set #5
	2
	STM_0
	

	52
	50
	 
	2
	STM_1
	

	54
	52
	 
	2
	STM_2
	

	56
	54
	 
	2
	STM_3
	

	58
	56
	 
	2
	STM_4
	

	60
	58
	 
	2
	STM_5
	125

	62
	60
	set #6
	2
	STM_0
	

	64
	62
	 
	2
	STM_1
	

	66
	64
	 
	2
	STM_2
	

	68
	66
	 
	2
	STM_3
	

	70
	68
	 
	2
	STM_4
	

	72
	70
	 
	2
	STM_5
	150

	74
	72
	set #7
	2
	STM_0
	

	76
	74
	 
	2
	STM_1
	

	78
	76
	 
	2
	STM_2
	

	80
	78
	 
	2
	STM_3
	

	82
	80
	 
	2
	STM_4
	

	84
	82
	 
	2
	STM_5
	175

	86
	84
	set #8
	2
	STM_0
	

	88
	86
	 
	2
	STM_1
	

	90
	88
	 
	2
	STM_2
	

	92
	90
	 
	2
	STM_3
	

	94
	92
	 
	2
	STM_4
	

	96
	94
	 
	2
	STM_5
	200

	98
	96
	set #9
	2
	STM_0
	

	100
	98
	 
	2
	STM_1
	

	102
	100
	 
	2
	STM_2
	

	104
	102
	 
	2
	STM_3
	

	106
	104
	 
	2
	STM_4
	

	108
	106
	 
	2
	STM_5
	225

	110
	108
	set #10
	2
	STM_0
	

	112
	110
	 
	2
	STM_1
	

	114
	112
	 
	2
	STM_2
	

	116
	114
	 
	2
	STM_3
	

	118
	116
	 
	2
	STM_4
	

	120
	118
	 
	2
	STM_5
	250

	122
	120
	set #11
	2
	STM_0
	

	124
	122
	 
	2
	STM_1
	

	126
	124
	 
	2
	STM_2
	

	128
	126
	 
	2
	STM_3
	

	130
	128
	 
	2
	STM_4
	

	132
	130
	 
	2
	STM_5
	275

	134
	132
	set #12
	2
	STM_0
	

	136
	134
	 
	2
	STM_1
	

	138
	136
	 
	2
	STM_2
	

	140
	138
	 
	2
	STM_3
	

	142
	140
	 
	2
	STM_4
	

	144
	142
	 
	2
	STM_5
	300

	146
	144
	set #13
	2
	STM_0
	

	148
	146
	 
	2
	STM_1
	

	150
	148
	 
	2
	STM_2
	

	152
	150
	 
	2
	STM_3
	

	154
	152
	 
	2
	STM_4
	

	156
	154
	 
	2
	STM_5
	325

	158
	156
	set #14
	2
	STM_0
	

	160
	158
	 
	2
	STM_1
	

	162
	160
	 
	2
	STM_2
	

	164
	162
	 
	2
	STM_3
	

	166
	164
	 
	2
	STM_4
	

	168
	166
	 
	2
	STM_5
	350

	170
	168
	 
	1
	NULL
	

	171
	169
	 
	1
	NULL
	

	172
	170
	 
	1
	NULL
	

	173
	171
	 
	1
	NULL
	


Table 20‑720‑7 - SU_STM Response Packet Format

Total STM Packet Size = 	174 Bytes


[bookmark: _Toc387329291][bookmark: _Toc435644164]SU_DUMP(0x0B) response packet format:
The SU_DUMP response packet includes the current HK parameters, and the complete LUT in RAM

	 
	 
	 
	RSP_DUMP format
	

	 
	Byte Addr
	Hdr \ Data Field
	name
	bytes
	Reg Name
	Comment

	 
	b0
	0
	RSP_ID
	1
	SU_DUMP = 0x0B 
	 

	 
	b1
	1
	SEQ_CNT
	1
	 
	 

	 
	b2
	2
	 
	1
	cmd_id_err
	UINT16 - Little Endian format (low byte first)

	 
	b3
	3
	 
	1
	cmd_err_code
	
	
	
	
	
	
	
	

	 
	b4
	4
	 
	1
	local_cmd_err
	
	
	
	
	
	
	
	

	 
	0
	5
	HK set #1
	2
	30V
	
	
	
	
	
	
	
	

	 
	2
	7
	 
	2
	10V
	
	
	
	
	
	
	
	

	 
	4
	9
	 
	2
	-5V
	
	
	
	
	
	
	
	

	 
	6
	11
	 
	2
	+5V
	
	
	
	
	
	
	
	

	 
	8
	13
	 
	2
	3V3
	
	
	
	
	
	
	
	

	 
	10
	15
	 
	2
	V_th
	
	
	
	
	
	
	
	

	 
	12
	17
	 
	2
	V_ION
	
	
	
	
	
	
	
	

	 
	14
	19
	 
	2
	V_swp1
	
	
	
	
	
	
	
	

	 
	16
	21
	 
	2
	HV_mon
	
	
	
	
	
	
	
	

	 
	18
	23
	 
	2
	I_LED
	20
	
	
	
	
	
	
	

	 
	20
	25
	HK set #2
	2
	30V
	
	
	
	
	
	
	
	

	 
	22
	27
	 
	2
	10V
	
	
	
	
	
	
	
	

	 
	24
	29
	 
	2
	-5V
	
	
	
	
	
	
	
	

	 
	26
	31
	 
	2
	+5V
	
	
	
	
	
	
	
	

	 
	28
	33
	 
	2
	3V3
	
	
	
	
	
	
	
	

	 
	30
	35
	 
	2
	V_th
	
	
	
	
	
	
	
	

	 
	32
	37
	 
	2
	V_ION
	
	
	
	
	
	
	
	

	 
	34
	39
	 
	2
	V_swp1
	
	
	
	
	
	
	
	

	 
	36
	41
	 
	2
	HV_mon
	
	
	
	
	
	
	
	

	 
	38
	43
	 
	2
	I_LED
	20
	
	
	
	
	
	
	

	 
	40
	45
	HK set #3
	2
	30V
	
	
	
	
	
	
	
	

	 
	42
	47
	 
	2
	10V
	
	
	
	
	
	
	
	

	 
	44
	49
	 
	2
	-5V
	
	
	
	
	
	
	
	

	 
	46
	51
	 
	2
	+5V
	
	
	
	
	
	
	
	

	 
	48
	53
	 
	2
	3V3
	
	
	
	
	
	
	
	

	 
	50
	55
	 
	2
	V_th
	
	
	
	
	
	
	
	

	 
	52
	57
	 
	2
	V_ION
	
	
	
	
	
	
	
	

	 
	54
	59
	 
	2
	V_swp1
	
	
	
	
	
	
	
	

	 
	56
	61
	 
	2
	HV_mon
	
	
	
	
	
	
	
	

	 
	58
	63
	 
	2
	I_LED
	20
	
	
	
	
	
	
	

	 
	60
	65
	HK set #4
	2
	30V
	
	
	
	
	
	
	
	

	 
	62
	67
	 
	2
	10V
	
	
	
	
	
	
	
	

	 
	64
	69
	 
	2
	-5V
	
	
	
	
	
	
	
	

	 
	66
	71
	 
	2
	+5V
	
	
	
	
	
	
	
	

	 
	68
	73
	 
	2
	3V3
	
	
	
	
	
	
	
	

	 
	70
	75
	 
	2
	V_th
	
	
	
	
	
	
	
	

	 
	72
	77
	 
	2
	V_ION
	
	
	
	
	
	
	
	

	 
	74
	79
	 
	2
	V_swp1
	
	
	
	
	
	
	
	

	 
	76
	81
	 
	2
	HV_mon
	
	
	
	
	
	
	
	

	 
	78
	83
	 
	2
	I_LED
	20
	
	
	
	
	
	
	

	50
	80
	85
	HK set #5
	2
	30V
	
	
	
	
	
	
	
	

	 
	82
	87
	 
	2
	10V
	
	
	
	
	
	
	
	

	 
	84
	89
	 
	2
	-5V
	
	
	
	
	
	
	
	

	 
	86
	91
	 
	2
	+5V
	
	
	
	
	
	
	
	

	 
	88
	93
	 
	2
	3V3
	
	
	
	
	
	
	
	

	 
	90
	95
	 
	2
	V_th
	
	
	
	
	
	
	
	

	 
	92
	97
	 
	2
	V_ION
	
	
	
	
	
	
	
	

	 
	94
	99
	 
	2
	V_swp1
	
	
	
	
	
	
	
	

	 
	96
	101
	 
	2
	HV_mon
	
	
	
	
	
	
	
	

	 
	98
	103
	 
	2
	I_LED/V_LED
	
	
	
	
	
	
	

	64H
	100
	105
	LUT < 0 >
	1
	hv_step_hv
	
	
	
	
	
	
	

	 
	101
	106
	1
	1
	t_step_hv
	
	
	
	
	
	
	

	 
	102
	107
	2
	2
	v_hv_max_L
	
	
	
	
	
	
	

	 
	103
	108
	3
	 
	v_hv_max_H
	
	
	
	
	
	
	

	 
	104
	109
	4
	2
	v_hv_min_L
	b7
	b6
	b5
	b4
	b3
	b2
	b1
	b0

	 
	105
	110
	5
	 
	v_hv_min_H
	End
	Bswp
	Ipkt
	Mode
	Iavg
	sw3
	sw2
	sw1

	 
	106
	111
	6
	1
	sw_N0_ana
	0
	1
	1
	1
	1
	0
	0
	1

	 
	107
	112
	7
	1
	sw_I0_ana
	0
	1
	0
	0
	0
	0
	0
	1

	 
	108
	113
	8
	1
	sw_N1_ana
	0
	0
	0
	1
	1
	0
	1
	0

	 
	109
	114
	9
	1
	sw_I1_ana
	0
	0
	0
	0
	0
	0
	1
	0

	 
	110
	115
	10
	1
	sw_N2_ana
	0
	0
	0
	1
	1
	1
	0
	0

	 
	111
	116
	11
	1
	sw_I2_ana
	1
	0
	0
	0
	0
	1
	1
	0

	 
	112
	117
	12
	1
	n_step_F
	
	
	

	 
	113
	118
	13
	1
	X%_F

	 
	114
	119
	14
	2
	K_V_IONF_swp_L

	 
	115
	120
	15
	 
	K_V_IONF_swp_H

	 
	116
	121
	16
	1
	t_step_F

	 
	117
	122
	17
	2
	V_LED_max_L

	 
	118
	123
	18
	 
	V_LED_max_H

	 
	119
	124
	19
	2
	V_IONL

	 
	120
	125
	20
	 
	V_IONH

	 
	121
	126
	21
	2
	V_THL

	 
	122
	127
	22
	 
	V_THH

	 
	123
	128
	23
	2
	V_TH_stepL
	
	
	
	
	
	
	
	

	 
	124
	129
	24
	 
	V_TH_stepH
	
	
	
	
	
	
	
	

	 
	125
	130
	25
	2
	VLED_L
	
	
	
	
	
	
	
	

	 
	126
	131
	26
	 
	VLED_H
	
	
	
	
	
	
	
	

	 
	127
	132
	27
	1
	n_step_B
	
	
	
	
	
	
	
	

	 
	128
	133
	28
	1
	X%_B
	
	
	
	
	
	
	
	

	 
	129
	134
	29
	1
	t_step_B
	
	
	
	
	
	
	
	

	 
	130
	135
	30
	2
	V_exp_ N0_B0L
	
	
	
	
	
	
	
	

	 
	131
	136
	31
	 
	V_exp_ N0_B0H
	
	
	
	
	
	
	
	

	 
	132
	137
	32
	2
	V_exp_ N0_B1L
	
	
	
	
	
	
	
	

	 
	133
	138
	33
	 
	V_exp_ N0_B1H
	
	
	
	
	
	
	
	

	 
	134
	139
	34
	2
	V_exp_ N0_B2L
	
	
	
	
	
	
	
	

	 
	135
	140
	35
	 
	V_exp_ N0_B2H
	
	
	
	
	
	
	
	

	 
	136
	141
	36
	2
	V_exp_ I0_B0L
	
	
	
	
	
	
	
	

	 
	137
	142
	37
	 
	V_exp_ I0_BH
	
	
	
	
	
	
	
	

	 
	138
	143
	38
	2
	V_exp_ I0_B1L
	
	
	
	
	
	
	
	

	 
	139
	144
	39
	 
	V_exp_ I0_B1H
	
	
	
	
	
	
	
	

	 
	140
	145
	40
	2
	V_exp_ I0_B2L
	
	
	
	
	
	
	
	

	 
	141
	146
	41
	 
	V_exp_ I0_B2H
	
	
	
	
	
	
	
	

	 
	142
	147
	42
	4
	File_S/N_B0
	
	
	
	
	
	
	
	

	 
	143
	148
	43
	 
	File_S/N_B1
	
	
	
	
	
	
	
	

	 
	144
	149
	44
	 
	File_S/N_B2
	
	
	
	
	
	
	
	

	 
	145
	150
	45
	 
	File_S/N_B3
	
	
	
	
	
	
	
	

	 
	146
	151
	46
	2
	Scr_Hdr_IDL
	
	
	
	
	
	
	
	

	93
	147
	152
	47
	 
	Scr_Hdr_IDH
	
	
	
	
	
	
	
	

	1
	148
	153
	48
	1
	NULL
	
	
	
	
	
	
	
	

	2
	149
	154
	49
	1
	NULL
	
	
	
	
	
	
	
	

	3
	150
	155
	50
	1
	NULL
	
	
	
	
	
	
	
	

	4
	151
	156
	51
	1
	NULL
	
	
	
	
	
	
	
	

	5
	152
	157
	52
	1
	NULL
	
	
	
	
	
	
	
	

	6
	153
	158
	53
	1
	NULL
	
	
	
	
	
	
	
	

	7
	154
	159
	54
	1
	NULL
	
	
	
	
	
	
	
	

	8
	155
	160
	55
	1
	NULL
	
	
	
	
	
	
	
	

	9
	156
	161
	56
	1
	NULL
	
	
	
	
	
	
	
	

	10
	157
	162
	57
	1
	NULL
	
	
	
	
	
	
	
	

	11
	158
	163
	58
	1
	NULL
	
	
	
	
	
	
	
	

	12
	159
	164
	59
	1
	NULL
	
	
	
	
	
	
	
	

	13
	160
	165
	60
	1
	NULL
	
	
	
	
	
	
	
	

	14
	161
	166
	61
	1
	NULL
	
	
	
	
	
	
	
	

	15
	162
	167
	62
	1
	NULL
	
	
	
	
	
	
	
	

	16
	163
	168
	63
	1
	NULL
	
	
	
	
	
	
	
	

	17
	164
	169
	64
	1
	NULL
	
	
	
	
	
	
	
	

	18
	165
	170
	65
	1
	NULL
	
	
	
	
	
	
	
	

	19
	166
	171
	66
	1
	NULL
	
	
	
	
	
	
	
	

	20
	167
	172
	67
	1
	NULL
	
	
	
	
	
	
	
	

	21
	168
	173
	68
	1
	NULL
	21
	
	
	
	
	
	
	


Table 20‑820‑8 - SU_DUMP Response Packet Format

Total HK Packet Size = 	174 Bytes


[bookmark: _Toc387329301][bookmark: _Toc435644165]SU_ERR(0xBB) response packet format:
The SU_ERR response packet format is the same as SU_DUMP: repeated here:

	 
	 
	RSP_ERR format
	
	
	
	
	
	
	
	

	Byte Addr
	Hdr \ Data Field
	name
	bytes
	Reg Name
	Comment

	b0
	0
	RSP_ID
	1
	SU_ERR = 0xBB
	 

	b1
	1
	SEQ_CNT
	1
	 
	 

	b2
	2
	 
	1
	cmd_id_err
	UNIT16 - Little Endian format (low byte first)

	b3
	3
	 
	1
	cmd_err_code
	
	
	
	
	
	
	
	

	b4
	4
	 
	1
	local_cmd_err
	
	
	
	
	
	
	
	

	0
	5
	HK set #1
	2
	30V
	
	
	
	
	
	
	
	

	2
	7
	 
	2
	10V
	
	
	
	
	
	
	
	

	4
	9
	 
	2
	-5V
	
	
	
	
	
	
	
	

	6
	11
	 
	2
	+5V
	
	
	
	
	
	
	
	

	8
	13
	 
	2
	3V3
	
	
	
	
	
	
	
	

	10
	15
	 
	2
	V_th
	
	
	
	
	
	
	
	

	12
	17
	 
	2
	V_ION
	
	
	
	
	
	
	
	

	14
	19
	 
	2
	V_swp1
	
	
	
	
	
	
	
	

	16
	21
	 
	2
	HV_mon
	
	
	
	
	
	
	
	

	18
	23
	 
	2
	I_LED
	20
	
	
	
	
	
	
	

	20
	25
	HK set #2
	2
	30V
	
	
	
	
	
	
	
	

	22
	27
	 
	2
	10V
	
	
	
	
	
	
	
	

	24
	29
	 
	2
	-5V
	
	
	
	
	
	
	
	

	26
	31
	 
	2
	+5V
	
	
	
	
	
	
	
	

	28
	33
	 
	2
	3V3
	
	
	
	
	
	
	
	

	30
	35
	 
	2
	V_th
	
	
	
	
	
	
	
	

	32
	37
	 
	2
	V_ION
	
	
	
	
	
	
	
	

	34
	39
	 
	2
	V_swp1
	
	
	
	
	
	
	
	

	36
	41
	 
	2
	HV_mon
	
	
	
	
	
	
	
	

	38
	43
	 
	2
	I_LED
	20
	
	
	
	
	
	
	

	40
	45
	HK set #3
	2
	30V
	
	
	
	
	
	
	
	

	42
	47
	 
	2
	10V
	
	
	
	
	
	
	
	

	44
	49
	 
	2
	-5V
	
	
	
	
	
	
	
	

	46
	51
	 
	2
	+5V
	
	
	
	
	
	
	
	

	48
	53
	 
	2
	3V3
	
	
	
	
	
	
	
	

	50
	55
	 
	2
	V_th
	
	
	
	
	
	
	
	

	52
	57
	 
	2
	V_ION
	
	
	
	
	
	
	
	

	54
	59
	 
	2
	V_swp1
	
	
	
	
	
	
	
	

	56
	61
	 
	2
	HV_mon
	
	
	
	
	
	
	
	

	58
	63
	 
	2
	I_LED
	20
	
	
	
	
	
	
	

	60
	65
	HK set #4
	2
	30V
	
	
	
	
	
	
	
	

	62
	67
	 
	2
	10V
	
	
	
	
	
	
	
	

	64
	69
	 
	2
	-5V
	
	
	
	
	
	
	
	

	66
	71
	 
	2
	+5V
	
	
	
	
	
	
	
	

	68
	73
	 
	2
	3V3
	
	
	
	
	
	
	
	

	70
	75
	 
	2
	V_th
	
	
	
	
	
	
	
	

	72
	77
	 
	2
	V_ION
	
	
	
	
	
	
	
	

	74
	79
	 
	2
	V_swp1
	
	
	
	
	
	
	
	

	76
	81
	 
	2
	HV_mon
	
	
	
	
	
	
	
	

	78
	83
	 
	2
	I_LED
	20
	
	
	
	
	
	
	

	80
	85
	HK set #5
	2
	30V
	
	
	
	
	
	
	
	

	82
	87
	 
	2
	10V
	
	
	
	
	
	
	
	

	84
	89
	 
	2
	-5V
	
	
	
	
	
	
	
	

	86
	91
	 
	2
	+5V
	
	
	
	
	
	
	
	

	88
	93
	 
	2
	3V3
	
	
	
	
	
	
	
	

	90
	95
	 
	2
	V_th
	
	
	
	
	
	
	
	

	92
	97
	 
	2
	V_ION
	
	
	
	
	
	
	
	

	94
	99
	 
	2
	V_swp1
	
	
	
	
	
	
	
	

	96
	101
	 
	2
	HV_mon
	
	
	
	
	
	
	
	

	98
	103
	 
	2
	I_LED
	
	
	
	
	
	
	
	

	100
	105
	LUT < 0 >
	1
	hv_step_hv
	
	
	
	
	
	
	
	

	101
	106
	1
	1
	t_step_hv
	
	
	
	
	
	
	
	

	102
	107
	2
	2
	v_hv_max_L
	
	
	
	
	
	
	
	

	103
	108
	3
	 
	v_hv_max_H
	
	
	
	
	
	
	
	

	104
	109
	4
	2
	v_hv_min_L
	b7
	b6
	b5
	b4
	b3
	b2
	b1
	b0

	105
	110
	5
	 
	v_hv_min_H
	end
	BSwp
	Ipkt
	Mode
	Iavg
	sw3
	sw2
	sw1

	106
	111
	6
	1
	sw_N0_ana
	0
	1
	1
	1
	1
	0
	0
	1

	107
	112
	7
	1
	sw_I0_ana
	0
	1
	0
	0
	0
	0
	0
	1

	108
	113
	8
	1
	sw_N1_ana
	0
	0
	1
	1
	1
	0
	1
	0

	109
	114
	9
	1
	sw_I1_ana
	0
	0
	0
	0
	0
	0
	1
	0

	110
	115
	10
	1
	sw_N2_ana
	0
	0
	1
	1
	1
	1
	0
	0

	111
	116
	11
	1
	sw_I2_ana
	1
	0
	0
	0
	0
	1
	1
	0

	112
	117
	12
	1
	n_step_F
	
	
	
	
	
	
	
	

	113
	118
	13
	1
	X%_F
	
	
	
	
	
	
	
	

	114
	119
	14
	2
	K_V_IONF_swp_L
	
	
	
	
	
	
	
	

	115
	120
	15
	 
	K_V_IONF_swp_H
	
	
	
	
	
	
	
	

	116
	121
	16
	1
	t_step_F
	
	
	
	
	
	
	
	

	117
	122
	17
	2
	V_LED_max_L
	
	
	
	
	
	
	
	

	118
	123
	18
	 
	V_LED_max_H
	
	
	
	
	
	
	
	

	119
	124
	19
	2
	V_IONL
	
	
	
	
	
	
	
	

	120
	125
	20
	 
	V_IONH
	
	
	
	
	
	
	
	

	121
	126
	21
	2
	V_THL
	
	
	
	
	
	
	
	

	122
	127
	22
	 
	V_THH
	
	
	
	
	
	
	
	

	123
	128
	23
	2
	V_TH_stepL
	
	
	
	
	
	
	
	

	124
	129
	24
	 
	V_TH_stepH
	
	
	
	
	
	
	
	

	125
	130
	25
	2
	VLED_L
	
	
	
	
	
	
	
	

	126
	131
	26
	 
	VLED_H
	
	
	
	
	
	
	
	

	127
	132
	27
	1
	n_step_B
	
	
	
	
	
	
	
	

	128
	133
	28
	1
	X%_B
	
	
	
	
	
	
	
	

	129
	134
	29
	1
	t_step_B
	
	
	
	
	
	
	
	

	130
	135
	30
	2
	V_exp_ N0_B0L
	
	
	
	
	
	
	
	

	131
	136
	31
	 
	V_exp_ N0_B0H
	
	
	
	
	
	
	
	

	132
	137
	32
	2
	V_exp_ N0_B1L
	
	
	
	
	
	
	
	

	133
	138
	33
	 
	V_exp_ N0_B1H
	
	
	
	
	
	
	
	

	134
	139
	34
	2
	V_exp_ N0_B2L
	
	
	
	
	
	
	
	

	135
	140
	35
	 
	V_exp_ N0_B2H
	
	
	
	
	
	
	
	

	136
	141
	36
	2
	V_exp_ I0_B0L
	
	
	
	
	
	
	
	

	137
	142
	37
	 
	V_exp_ I0_BH
	
	
	
	
	
	
	
	

	138
	143
	38
	2
	V_exp_ I0_B1L
	
	
	
	
	
	
	
	

	139
	144
	39
	 
	V_exp_ I0_B1H
	
	
	
	
	
	
	
	

	140
	145
	40
	2
	V_exp_ I0_B2L
	
	
	
	
	
	
	
	

	141
	146
	41
	 
	V_exp_ I0_B2H
	
	
	
	
	
	
	
	

	142
	147
	42
	4
	File_S/N_B0
	
	
	
	
	
	
	
	

	143
	148
	43
	 
	File_S/N_B1
	
	
	
	
	
	
	
	

	144
	149
	44
	 
	File_S/N_B2
	
	
	
	
	
	
	
	

	145
	150
	45
	 
	File_S/N_B3
	
	
	
	
	
	
	
	

	146
	151
	46
	2
	Scr_Hdr_IDL
	
	
	
	
	
	
	
	

	147
	152
	47
	 
	Scr_Hdr_IDH
	
	
	
	
	
	
	
	

	148
	153
	48
	1
	NULL
	
	
	
	
	
	
	
	

	149
	154
	49
	1
	NULL
	
	
	
	
	
	
	
	

	150
	155
	50
	1
	NULL
	
	
	
	
	
	
	
	

	151
	156
	51
	1
	NULL
	
	
	
	
	
	
	
	

	152
	157
	52
	1
	NULL
	
	
	
	
	
	
	
	

	153
	158
	53
	1
	NULL
	
	
	
	
	
	
	
	

	154
	159
	54
	1
	NULL
	
	
	
	
	
	
	
	

	155
	160
	55
	1
	NULL
	
	
	
	
	
	
	
	

	156
	161
	56
	1
	NULL
	
	
	
	
	
	
	
	

	157
	162
	57
	1
	NULL
	
	
	
	
	
	
	
	

	158
	163
	58
	1
	NULL
	
	
	
	
	
	
	
	

	159
	164
	59
	1
	NULL
	
	
	
	
	
	
	
	

	160
	165
	60
	1
	NULL
	
	
	
	
	
	
	
	

	161
	166
	61
	1
	NULL
	
	
	
	
	
	
	
	

	162
	167
	62
	1
	NULL
	
	
	
	
	
	
	
	

	163
	168
	63
	1
	NULL
	
	
	
	
	
	
	
	

	164
	169
	64
	1
	NULL
	
	
	
	
	
	
	
	

	165
	170
	65
	1
	NULL
	
	
	
	
	
	
	
	

	166
	171
	66
	1
	NULL
	
	
	
	
	
	
	
	

	167
	172
	67
	1
	NULL
	
	
	
	
	
	
	
	

	168
	173
	68
	1
	NULL
	21
	
	
	
	
	
	
	


Table 20‑920‑9 – SU_ERR Response Packet Format
Total SU_ERR Packet Size = 	174 Bytes

[bookmark: _Toc392175592][bookmark: _Toc435644166]SU_ERR Error Codes Definition
The SU_ERR error codes are defined as:

	STATUS_REG
	
	Comment  (16-bit register)

	Cmd_Id

	00h
	No Command ID

	
	02h
	SU_RESET ID

	
	04h
	SU_STIM ID

	
	05h
	SU_LDP ID

	
	06h
	SU_HC ID

	
	07h
	SU_CAL ID

	
	08h
	SU_SCI ID

	
	09h
	SU_HK ID

	
	0Ah
	SU_STM ID

	
	0Bh
	SU_DUMP ID

	
	53h
	SU_HVARM ID

	
	C9h
	SU_HVON ID

	
	BBh
	SU_ERR ID

	Cmd_error_code

	00h
	No error

	
	D0h
	Board ID read error

	
	D1h
	command length error

	
	D2h
	UART RX error

	
	D3h
	UART fifo FF (FIFO-FULL) error

	
	D4h
	UART TO (timeout) error

	
	D5h
	HVARM command error

	
	D6h
	HVON command error

	Local_error_code
	00h
	SU_NO_ERROR

	
	EAh
	Error in SU_ERR state machine

	
	EBh
	Error in from HV control

	
	ECh
	Error in SU_SCI command

	
	EDh
	Error in SU_HC command

	
	EEh
	Error in SU_CAL command

	
	
	


Table 20‑1020‑10 – SU_ERR Error Code Definition

[bookmark: _Toc387329304][bookmark: _Toc435644167]OBC_SU(0xFA)_ERR response packet format:

	 
 
	OBC_SU_ERR format
	
	
	
	
	
	
	
	

	Byte Addr
	Hdr \ Data Field
	name
	bytes
	Reg Name
	Comment

	b0
	0
	RSP_ID
	1
	OBC_SU_ERR = 0xFA
	 

	b1
	1
	SEQ_CNT
	1
	 
	 

	0
	2
	 
	1
	rsp_err_code
	UNIT16 - Little Endian format (low byte first)

	1
	3
	Script #running
	2
	XSUM_R
	
	
	
	
	
	
	
	

	3
	5
	HDR #Running
	1
	UTC_start_0
	
	
	
	
	
	
	
	

	4
	6
	 
	1
	UTC_start_1
	
	
	
	
	
	
	
	

	5
	7
	 
	1
	UTC_start_2
	
	
	
	
	
	
	
	

	6
	8
	 
	1
	UTC_start_3
	
	
	
	
	
	
	
	

	7
	9
	 
	1
	hdr_sn_0
	
	
	
	
	
	
	
	

	8
	10
	 
	1
	hdr_sn_1
	
	
	
	
	
	
	
	

	9
	11
	 
	1
	hdr_sn_2
	
	
	
	
	
	
	
	

	10
	12
	 
	1
	hdr_sn_3
	
	
	
	
	
	
	
	

	11
	13
	 
	1
	SW_ver+SU_ID
	
	
	
	
	
	
	
	

	12
	14
	 
	1
	type+SU_MD
	12
	
	
	
	
	
	
	

	13
	15
	Script #0
	2
	XSUM_0
	
	
	
	
	
	
	
	

	15
	17
	HDR #0
	1
	UTC_start_0
	
	
	
	
	
	
	
	

	16
	18
	 
	1
	UTC_start_1
	
	
	
	
	
	
	
	

	17
	19
	 
	1
	UTC_start_2
	
	
	
	
	
	
	
	

	18
	20
	 
	1
	UTC_start_3
	
	
	
	
	
	
	
	

	19
	21
	 
	1
	hdr_sn_0
	
	
	
	
	
	
	
	

	20
	22
	 
	1
	hdr_sn_1
	
	
	
	
	
	
	
	

	21
	23
	 
	1
	hdr_sn_2
	
	
	
	
	
	
	
	

	22
	24
	 
	1
	hdr_sn_3
	
	
	
	
	
	
	
	

	23
	25
	 
	1
	SW_ver+SU_ID
	
	
	
	
	
	
	
	

	24
	26
	 
	1
	type+SU_MD
	12
	
	
	
	
	
	
	

	25
	27
	Script #1
	2
	XSUM_1
	
	
	
	
	
	
	
	

	27
	29
	HDR #1
	1
	UTC_start_0
	
	
	
	
	
	
	
	

	28
	30
	 
	1
	UTC_start_1
	
	
	
	
	
	
	
	

	29
	31
	 
	1
	UTC_start_2
	
	
	
	
	
	
	
	

	30
	32
	 
	1
	UTC_start_3
	
	
	
	
	
	
	
	

	31
	33
	 
	1
	hdr_sn_0
	
	
	
	
	
	
	
	

	32
	34
	 
	1
	hdr_sn_1
	
	
	
	
	
	
	
	

	33
	35
	 
	1
	hdr_sn_2
	
	
	
	
	
	
	
	

	34
	36
	 
	1
	hdr_sn_3
	
	
	
	
	
	
	
	

	35
	37
	 
	1
	SW_ver+SU_ID
	
	
	
	
	
	
	
	

	36
	38
	 
	1
	type+SU_MD
	12
	
	
	
	
	
	
	

	37
	39
	Script #2
	2
	XSUM_2
	
	
	
	
	
	
	
	

	39
	41
	HDR #2
	1
	UTC_start_0
	
	
	
	
	
	
	
	

	40
	42
	 
	1
	UTC_start_1
	
	
	
	
	
	
	
	

	41
	43
	 
	1
	UTC_start_2
	
	
	
	
	
	
	
	

	42
	44
	 
	1
	UTC_start_3
	
	
	
	
	
	
	
	

	43
	45
	 
	1
	hdr_sn_0
	
	
	
	
	
	
	
	

	44
	46
	 
	1
	hdr_sn_1
	
	
	
	
	
	
	
	

	45
	47
	 
	1
	hdr_sn_2
	
	
	
	
	
	
	
	

	46
	48
	 
	1
	hdr_sn_3
	
	
	
	
	
	
	
	

	47
	49
	 
	1
	SW_ver+SU_ID
	
	
	
	
	
	
	
	

	48
	50
	 
	1
	type+SU_MD
	12
	
	
	
	
	
	
	

	49
	51
	Script #3
	2
	XSUM_3
	
	
	
	
	
	
	
	

	51
	53
	HDR #3
	1
	UTC_start_0
	
	
	
	
	
	
	
	

	52
	54
	 
	1
	UTC_start_1
	
	
	
	
	
	
	
	

	53
	55
	 
	1
	UTC_start_2
	
	
	
	
	
	
	
	

	54
	56
	 
	1
	UTC_start_3
	
	
	
	
	
	
	
	

	55
	57
	 
	1
	hdr_sn_0
	
	
	
	
	
	
	
	

	56
	58
	 
	1
	hdr_sn_1
	
	
	
	
	
	
	
	

	57
	59
	 
	1
	hdr_sn_2
	
	
	
	
	
	
	
	

	58
	60
	 
	1
	hdr_sn_3
	
	
	
	
	
	
	
	

	59
	61
	 
	1
	SW_ver+SU_ID
	
	
	
	
	
	
	
	

	60
	62
	 
	1
	type+SU_MD
	12
	
	
	
	
	
	
	

	61
	63
	Script #4
	2
	XSUM_4
	
	
	
	
	
	
	
	

	63
	65
	HDR #4
	1
	UTC_start_0
	
	
	
	
	
	
	
	

	64
	66
	 
	1
	UTC_start_1
	
	
	
	
	
	
	
	

	65
	67
	 
	1
	UTC_start_2
	
	
	
	
	
	
	
	

	66
	68
	 
	1
	UTC_start_3
	
	
	
	
	
	
	
	

	67
	69
	 
	1
	hdr_sn_0
	
	
	
	
	
	
	
	

	68
	70
	 
	1
	hdr_sn_1
	
	
	
	
	
	
	
	

	69
	71
	 
	1
	hdr_sn_2
	
	
	
	
	
	
	
	

	70
	72
	 
	1
	hdr_sn_3
	
	
	
	
	
	
	
	

	71
	73
	 
	1
	SW_ver+SU_ID
	
	
	
	
	
	
	
	

	72
	74
	 
	1
	type+SU_MD
	12
	
	
	
	
	
	
	

	73
	75
	Script #5
	2
	XSUM_5
	
	
	
	
	
	
	
	

	75
	77
	HDR #5
	1
	UTC_start_0
	
	
	
	
	
	
	
	

	76
	78
	 
	1
	UTC_start_1
	
	
	
	
	
	
	
	

	77
	79
	 
	1
	UTC_start_2
	
	
	
	
	
	
	
	

	78
	80
	 
	1
	UTC_start_3
	
	
	
	
	
	
	
	

	79
	81
	 
	1
	hdr_sn_0
	
	
	
	
	
	
	
	

	80
	82
	 
	1
	hdr_sn_1
	
	
	
	
	
	
	
	

	81
	83
	 
	1
	hdr_sn_2
	
	
	
	
	
	
	
	

	82
	84
	 
	1
	hdr_sn_3
	
	
	
	
	
	
	
	

	83
	85
	 
	1
	SW_ver+SU_ID
	
	
	
	
	
	
	
	

	84
	86
	 
	1
	type+SU_MD
	12
	
	
	
	
	
	
	

	85
	87
	Script #6
	2
	XSUM_6
	
	
	
	
	
	
	
	

	87
	89
	HDR #6
	1
	UTC_start_0
	
	
	
	
	
	
	
	

	88
	90
	 
	1
	UTC_start_1
	
	
	
	
	
	
	
	

	89
	91
	 
	1
	UTC_start_2
	
	
	
	
	
	
	
	

	90
	92
	 
	1
	UTC_start_3
	
	
	
	
	
	
	
	

	91
	93
	 
	1
	hdr_sn_0
	
	
	
	
	
	
	
	

	92
	94
	 
	1
	hdr_sn_1
	
	
	
	
	
	
	
	

	93
	95
	 
	1
	hdr_sn_2
	
	
	
	
	
	
	
	

	94
	96
	 
	1
	hdr_sn_3
	
	
	
	
	
	
	
	

	95
	97
	 
	1
	SW_ver+SU_ID
	
	
	
	
	
	
	
	

	96
	98
	 
	1
	type+SU_MD
	12
	
	
	
	
	
	
	

	97
	99
	58
	1
	NULL
	
	
	
	
	
	
	
	

	98
	100
	58
	1
	NULL
	
	
	
	
	
	
	
	

	99
	101
	58
	1
	NULL
	
	
	
	
	
	
	
	

	100
	102
	58
	1
	NULL
	
	
	
	
	
	
	
	

	101
	103
	58
	1
	NULL
	
	
	
	
	
	
	
	

	102
	104
	58
	1
	NULL
	
	
	
	
	
	
	
	

	103
	105
	58
	1
	NULL
	
	
	
	
	
	
	
	

	104
	106
	58
	1
	NULL
	
	
	
	
	
	
	
	

	105
	107
	58
	1
	NULL
	
	
	
	
	
	
	
	

	106
	108
	58
	1
	NULL
	
	
	
	
	
	
	
	

	107
	109
	58
	1
	NULL
	
	
	
	
	
	
	
	

	108
	110
	58
	1
	NULL
	
	
	
	
	
	
	
	

	109
	111
	58
	1
	NULL
	
	
	
	
	
	
	
	

	110
	112
	58
	1
	NULL
	
	
	
	
	
	
	
	

	111
	113
	58
	1
	NULL
	
	
	
	
	
	
	
	

	112
	114
	58
	1
	NULL
	
	
	
	
	
	
	
	

	113
	115
	58
	1
	NULL
	
	
	
	
	
	
	
	

	114
	116
	58
	1
	NULL
	
	
	
	
	
	
	
	

	115
	117
	58
	1
	NULL
	
	
	
	
	
	
	
	

	116
	118
	58
	1
	NULL
	
	
	
	
	
	
	
	

	117
	119
	58
	1
	NULL
	
	
	
	
	
	
	
	

	118
	120
	58
	1
	NULL
	
	
	
	
	
	
	
	

	119
	121
	58
	1
	NULL
	
	
	
	
	
	
	
	

	120
	122
	59
	1
	NULL
	
	
	
	
	
	
	
	

	121
	123
	60
	1
	NULL
	
	
	
	
	
	
	
	

	122
	124
	61
	1
	NULL
	
	
	
	
	
	
	
	

	123
	125
	62
	1
	NULL
	
	
	
	
	
	
	
	

	124
	126
	63
	1
	NULL
	
	
	
	
	
	
	
	

	125
	127
	64
	1
	NULL
	
	
	
	
	
	
	
	

	126
	128
	65
	1
	NULL
	
	
	
	
	
	
	
	

	127
	129
	66
	1
	NULL
	
	
	
	
	
	
	
	

	128
	130
	67
	1
	NULL
	
	
	
	
	
	
	
	

	129
	131
	68
	1
	NULL
	
	
	
	
	
	
	
	

	130
	132
	68
	1
	NULL
	
	
	
	
	
	
	
	

	131
	133
	68
	1
	NULL
	
	
	
	
	
	
	
	

	132
	134
	68
	1
	NULL
	
	
	
	
	
	
	
	

	133
	135
	68
	1
	NULL
	
	
	
	
	
	
	
	

	134
	136
	68
	1
	NULL
	
	
	
	
	
	
	
	

	135
	137
	68
	1
	NULL
	
	
	
	
	
	
	
	

	136
	138
	68
	1
	NULL
	
	
	
	
	
	
	
	

	137
	139
	68
	1
	NULL
	
	
	
	
	
	
	
	

	138
	140
	68
	1
	NULL
	
	
	
	
	
	
	
	

	139
	141
	68
	1
	NULL
	
	
	
	
	
	
	
	

	140
	142
	68
	1
	NULL
	
	
	
	
	
	
	
	

	141
	143
	68
	1
	NULL
	
	
	
	
	
	
	
	

	142
	144
	68
	1
	NULL
	
	
	
	
	
	
	
	

	143
	145
	68
	1
	NULL
	
	
	
	
	
	
	
	

	144
	146
	68
	1
	NULL
	
	
	
	
	
	
	
	

	145
	147
	68
	1
	NULL
	
	
	
	
	
	
	
	

	146
	148
	68
	1
	NULL
	
	
	
	
	
	
	
	

	147
	149
	68
	1
	NULL
	
	
	
	
	
	
	
	

	148
	150
	68
	1
	NULL
	
	
	
	
	
	
	
	

	149
	151
	68
	1
	NULL
	
	
	
	
	
	
	
	

	150
	152
	68
	1
	NULL
	
	
	
	
	
	
	
	

	151
	153
	68
	1
	NULL
	
	
	
	
	
	
	
	

	152
	154
	68
	1
	NULL
	
	
	
	
	
	
	
	

	153
	155
	68
	1
	NULL
	
	
	
	
	
	
	
	

	154
	156
	68
	1
	NULL
	
	
	
	
	
	
	
	

	155
	157
	68
	1
	NULL
	
	
	
	
	
	
	
	

	156
	158
	68
	1
	NULL
	
	
	
	
	
	
	
	

	157
	159
	68
	1
	NULL
	
	
	
	
	
	
	
	

	158
	160
	68
	1
	NULL
	
	
	
	
	
	
	
	

	159
	161
	68
	1
	NULL
	
	
	
	
	
	
	
	

	160
	162
	68
	1
	NULL
	
	
	
	
	
	
	
	

	161
	163
	68
	1
	NULL
	
	
	
	
	
	
	
	

	162
	164
	68
	1
	NULL
	
	
	
	
	
	
	
	

	163
	165
	68
	1
	NULL
	
	
	
	
	
	
	
	

	164
	166
	68
	1
	NULL
	
	
	
	
	
	
	
	

	165
	167
	68
	1
	NULL
	
	
	
	
	
	
	
	

	166
	168
	68
	1
	NULL
	
	
	
	
	
	
	
	

	167
	169
	68
	1
	NULL
	
	
	
	
	
	
	
	

	168
	170
	68
	1
	NULL
	
	
	
	
	
	
	
	

	169
	171
	68
	1
	NULL
	
	
	
	
	
	
	
	

	170
	172
	68
	1
	NULL
	
	
	
	
	
	
	
	

	171
	173
	68
	1
	NULL
	63
	
	
	
	
	
	
	


Table 20‑1120‑11 - OBC_SU_ERR response packet format

Total OBC_SU_ERR Packet Size = 174 Bytes
Minimum	OFF	ON	RESET	STIM (RESET)	LDP (RESET)	HK (RESET)	STM (RESET)	DUMP (RESET)	ERR	HVARM	HVON	IDLE	STIM(IDLE)	LDP (IDLE)	HK (IDLE)	STM (IDLE)	DUMP (IDLE)	SCI	CAL	HC	0	489.5	489.5	489.5	489.5	489.5	489.5	489.5	489.5	479.6	549.6	549.6	549.6	549.6	549.6	549.6	549.6	724.6	724.6	724.6	Maximum	OFF	ON	RESET	STIM (RESET)	LDP (RESET)	HK (RESET)	STM (RESET)	DUMP (RESET)	ERR	HVARM	HVON	IDLE	STIM(IDLE)	LDP (IDLE)	HK (IDLE)	STM (IDLE)	DUMP (IDLE)	SCI	CAL	HC	0	70	70	70	70	70	70	70	70	79.899999999999963	175	175	175	175	175	175	175	155	155	155	INMS STATE
Power per State (mW)
INMS Power draw over 96 minute Orbit
0	6	7	8	14	20	21	22	28	34	35	36	42	48	49	50	56	62	63	64	70	76	77	78	84	90	91	92	98	104	105	106	112	118	119	120	126	132	133	134	140	146	147	148	154	160	161	162	168	174	175	176	182	188	189	190	196	202	203	204	210	216	217	218	224	230	231	232	238	244	245	246	252	258	259	260	266	272	273	274	280	286	287	288	294	300	301	302	308	314	315	316	322	328	329	330	336	342	343	344	350	356	357	358	364	370	371	372	378	384	385	386	392	398	399	400	406	412	413	414	420	426	432	433	434	440	446	447	448	454	460	461	462	468	474	475	476	482	488	489	490	496	502	503	504	510	516	517	518	524	530	531	532	538	544	545	546	552	558	559	560	566	572	573	574	580	586	587	588	594	600	601	602	608	614	615	616	620	630	640	650	660	670	680	690	700	710	720	730	740	750	760	770	780	790	800	810	820	830	840	850	860	870	880	890	900	910	920	930	940	950	960	970	980	990	1000	1010	1020	1030	1040	1050	1060	1070	1080	1090	1100	1110	1120	1130	1140	1150	1160	1170	1180	1190	1200	1210	1220	1230	1240	1250	1256	1262	1263	1264	1270	1276	1277	1278	1284	1290	1291	1292	1298	1304	1305	1306	1312	1318	1319	1320	1326	1332	1333	1334	1340	1346	1347	1348	1354	1360	1361	1362	1368	1374	1375	1376	1382	1388	1389	1390	1396	1402	1403	1404	1410	1416	1417	1418	1424	1430	1431	1432	1438	1444	1445	1446	1452	1458	1459	1460	1466	1472	1473	1474	1480	1486	1487	1488	1494	1500	1501	1502	1508	1514	1515	1516	1522	1528	1529	1530	1536	1542	1543	1544	1550	1556	1557	1558	1564	1570	1571	1572	1578	1584	1585	1586	1592	1598	1599	1600	1606	1612	1613	1614	1620	1626	1627	1628	1634	1640	1641	1642	1648	1654	1655	1656	1662	1668	1669	1670	1676	1682	1688	1689	1690	1696	1700	1710	1720	1730	1740	1750	1760	1770	1780	1790	1800	1810	1820	1830	1840	1850	1860	1870	1880	1890	1900	1910	1920	1930	1940	1950	1960	1970	1980	1990	2000	2010	2020	2030	2040	2050	2060	2070	2080	2090	2100	2110	2120	2130	2140	2150	2160	2170	2180	2190	2200	2210	2220	2230	2240	2250	2260	2270	2280	2290	2300	2310	2320	2330	2336	2342	2343	2344	2350	2356	2357	2358	2364	2370	2371	2372	2378	2384	2385	2386	2392	2398	2399	2400	2406	2412	2413	2414	2420	2426	2427	2428	2434	2440	2441	2442	2448	2454	2455	2456	2462	2468	2469	2470	2476	2482	2483	2484	2490	2496	2497	2498	2504	2510	2511	2512	2518	2524	2525	2526	2532	2538	2539	2540	2546	2552	2553	2554	2560	2566	2567	2568	2574	2580	2581	2582	2588	2594	2595	2596	2602	2608	2609	2610	2616	2622	2623	2624	2630	2636	2637	2638	2644	2650	2651	2652	2658	2664	2665	2666	2672	2678	2679	2680	2686	2692	2693	2694	2700	2706	2707	2708	2714	2720	2721	2722	2728	2734	2735	2736	2742	2748	2749	2750	2756	2762	2763	2764	2770	2776	2777	2778	2784	2790	2791	2792	2798	2804	2805	2806	2812	2818	2819	2820	2826	2832	2833	2834	2840	2846	2847	2848	2854	2860	2861	2862	2868	2874	2875	2876	2882	2888	2889	2890	2896	2902	2903	2904	2910	2916	2917	2918	2924	2930	2931	2932	2938	2944	2945	2946	2952	2958	2959	2960	2966	2972	2973	2974	2980	2986	2987	2988	2994	3000	3001	3002	3008	3014	3015	3016	3022	3028	3029	3030	3036	3042	3043	3044	3050	3056	3057	3058	3064	3070	3071	3072	3078	3084	3085	3086	3092	3098	3099	3100	3106	3112	3113	3114	3120	3126	3127	3128	3134	3140	3141	3142	3148	3154	3155	3156	3162	3168	3169	3170	3176	3182	3183	3184	3190	3196	3197	3198	3204	3210	3211	3212	3218	3224	3225	3226	3232	3238	3239	3240	3246	3252	3253	3254	3260	3266	3267	3268	3274	3280	3281	3282	3288	3294	3295	3296	3302	3308	3309	3310	3316	3322	3323	3324	3330	3336	3337	3338	3344	3350	3351	3352	3358	3364	3365	3366	3372	3378	3379	3380	3386	3392	3393	3394	3400	3406	3407	3408	3414	3420	3421	3422	3428	3434	3435	3436	3442	3448	3449	3450	3456	3462	3463	3464	3470	3476	3477	3478	3484	3490	3491	3492	3498	3500	3510	3520	3530	3540	3550	3560	3570	3580	3590	3600	3610	3620	3630	3640	3650	3660	3670	3680	3690	3700	3710	3720	3730	3740	3750	3760	3770	3780	3790	3800	3810	3820	3830	3840	3850	3860	3870	3880	3890	3900	3910	3920	3930	3940	3950	3960	3970	3980	3990	4000	4010	4020	4030	4040	4050	4060	4070	4080	4090	4100	4110	4120	4130	4136	4142	4143	4144	4150	4156	4157	4158	4164	4170	4171	4172	4178	4184	4185	4186	4192	4198	4199	4200	4206	4212	4213	4214	4220	4226	4227	4228	4234	4240	4241	4242	4248	4254	4255	4256	4262	4268	4269	4270	4276	4282	4283	4284	4290	4296	4297	4298	4304	4310	4311	4312	4318	4324	4325	4326	4332	4338	4339	4340	4346	4352	4353	4354	4360	4366	4367	4368	4374	4380	4381	4382	4388	4394	4395	4396	4402	4408	4409	4410	4416	4422	4423	4424	4430	4436	4437	4438	4444	4450	4451	4452	4458	4464	4465	4466	4472	4478	4479	4480	4486	4492	4493	4494	4500	4506	4507	4508	4514	4520	4521	4522	4528	4534	4535	4536	4542	4548	4549	4550	4556	4562	4563	4564	4570	4580	4590	4600	4610	4620	4630	4640	4650	4660	4670	4680	4690	4700	4710	4720	4730	4740	4750	4760	4770	4780	4790	4800	4810	4820	4830	4840	4850	4860	4870	4880	4890	4900	4910	4920	4930	4940	4950	4960	4970	4980	4990	5000	5010	5020	5030	5040	5050	5060	5070	5080	5090	5100	5110	5120	5130	5140	5150	5160	5170	5180	5190	5200	5210	5216	5222	5223	5224	5230	5236	5237	5238	5244	5250	5251	5252	5258	5264	5265	5266	5272	5278	5279	5280	5286	5292	5293	5294	5300	5306	5307	5308	5314	5320	5321	5322	5328	5334	5335	5336	5342	5348	5349	5350	5356	5362	5363	5364	5370	5376	5377	5378	5384	5390	5391	5392	5398	5404	5405	5406	5412	5418	5419	5420	5426	5432	5433	5434	5440	5446	5447	5448	5454	5460	5461	5462	5468	5474	5475	5476	5482	5488	5489	5490	5496	5502	5503	5504	5510	5516	5517	5518	5524	5530	5531	5532	5538	5544	5545	5546	5552	5558	5559	5560	5566	5572	5573	5574	5580	5586	5587	5588	5594	5600	5601	5602	5608	5614	5615	5616	5622	5628	5629	5630	5636	5642	5643	5644	5650	5656	5657	5658	5664	5670	5671	5672	5678	5684	5685	5686	5692	5698	5699	5700	5706	5712	5713	5714	5720	5726	5727	5728	5734	5740	5741	5742	5748	5754	5755	5756	5762	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	489.5	489.5	724.6	724.6	489.5	489.5	724.6	724.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	489.5	489.5	724.6	724.6	489.5	489.5	724.6	724.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	489.5	489.5	724.6	724.6	489.5	489.5	724.6	724.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	489.5	489.5	724.6	724.6	489.5	489.5	724.6	724.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	724.6	724.6	879.6	724.6	Orbit Time/s
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