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Document change record

ver: on!issue

version/issue date

0.0 November 8th 2013 Jall creation of document
0.1 November 15th 2013 _Jall Jcorrection by B. Ristic, inputs by M. Leese
0.2 January 23th 2014 UVIS frames inputs by M. Leese
0.3 January 27th 2014 [TELECOMMANDS Iaddmg and erasing TC35 commands
0.4 February 2152014 JTELEMETRY new inputs from IAA
0.5 March 19th 2014 1553 - NOMAD HSK 1+ EVENTS byte "heater supervisor” added by IAA; event
Jiable 1) codes changed
0.6 April 4th 2014 1553 - NOMAD HSK 1+ EVENTS COM_BOARD_TEMP replaced by DC_DC_TEMP;
(table 1) event "3" becomes "boot loader run count”
0.7 April 7th 2014 [TELECOMMANDS, TELEMETRY (1553)[small modifications by B. Ristic and C. Pastor
TELECOMMANDS: names of
"get file ststus" command changed, TELEMETRY
(1553): calibration values TBD, typo corrections
0.8 April 10th 2014 [TELEMETRY (1553), FILE_SYSTEM [TELEMETRY (1553): conversion formulas for
S0/LNO housekeeping
FILE_SYSTEM: context files modified
0.9 M_zy 29yh 2014 [TELEMETRY (1553) Jeonversion formulas modified and COmE|elEd
0.10 June 3th 2014 TELEMETRY (1553) new conversion formula for -5V rail current in
name of 12 V rail parameters modified to 10 V
rail in UVIS housekeepin
raw parameter limits, converted parameter limits
and units added for UVIS housekeeping
0.11 June 12th 2014 [TELEMETRY (SpWw) in TV (22) and TM(25) parameter
SOFTWARE_VERSION s replaced by
in TV (22) and TM(25) parameter
LAST_TELECOMMAND s fixed to 150 bytes
in TM(22) and TM(25) parameter
SIZE_OF_TC_COPY can have 6 discrete values
(25,50, 75, 100, 125, 150) depending on the
number of subdomains used
FILE_SYSTEM
FILE_SYSTEM table has changed
PATCH_BACKUP_FILE table has been removed
[TELEMETRY (1553) inTM(36) a parameterlszdded—
OPERATION_SEQUENCE_COUNT (4 bytes).
Consequently the parameter codes are updated
for all parameters in TV(36)
Table 23 added with RESULT CODE parameters
list
PACKET FORMATS packet TM(36) is modified (due to change above)
0.12 July 25th 2014 EULE SYSTEN SONTEXT EILE
[TELEMETRY (1553) Jadding two events in EVENT_PARAMETER
0.13 Aug 13th 2014 TELEMETRY (1553) table 19 UVIS HSK parameters - some units have
changed from V to mA
table 1 EVENT parameters - some parameter
numbers have been modified (numbers
containing "-"); NMHK1060 becomes NMHK1099
NMHK2618 in tables 17 and 18: transfert
Jfunction was erronous - has been corrected
FILE_SYSTEM size of SO_AOTF_COP table and
LNO_AOTF_COP table changed from 7k to 17k
Context file (table 2)
UVIS_UNDER_CURRENT_OFF becomes
UVIS_OVER_CURRENT_OFF
[TELEMETRY (Spw) Jength of packet TM(29) changed from 56 to 58
0.14 August 20th 2014 TELEMETRY (1553) table 17 and 18 - units of
FPA1_FULL_SCALE_TEMP_LNO and
FPA2_ZOOMED_TEMP_LNO modified
Jtable 22 - contingeny list modified
FILE_SYSTEM line added on bottom of table 1 - FILES INFILE
SYSTEM
1.0 ALUS(ZlStZDlA none IDfﬂC‘\E| release of document
11 October 7th 2014 TELEMETRY (1553) table 1- event 130 : parameter name
“trap_type” changed to “watchdog_error”.
table 22 - contingency list modified
[TELEMETRY (SpW) [TM(25) - name SO_SCIENCE_DATA changed to
LNO_SCIENCE_DATA
12 October 14" 2014 | TELEMETRY (Spw) Remarks by J. Brumlit (refreshed pointings to
tables)
13 October17" 2014 | TELEMETRY (Spw) Remark by J. Brumfit (UVIS COP_ROW_TABLE
modified)
14 October17" 2014 | TELECOMMANDS clarification of COMPRESSION_ALGORYTHM
parameter
TELEMETRY (1553) table 23 (RESULT_CODE) modified
FILE_SYSTEM sizes of COP tables now exact in bytes
15 November 10" 2014 | TELEMETRY (Spw) Added table 25 with LAST TELECOMMAND
structure for SO and LNO channels
16 November 18" 2014 | TELEMETRY (Spw) Table 24. NMTM2890 changed to NMTM 2885
17 November 26th 2014  [TELEMETRY (1553) Table 19. Transfer function updated, changes to

the UVIS HK parameter conversion factors from
"as designed"” to "FM as built". Examples of raw
and calculated values added. Description of
some parameters (temp 1-3) slightly changed.
The raw value range for
POSITIVE_5V_RAIL_CURRENT changed.

[TELEMETRY (Spw)

Table 24. NMTM 2861, NMTM2731 parameter
description changed to LED control (previously

called ADC range)




[TELEMETRY (1553)

Table 17+18. Examples of raw and calculated
value ranges added. The transfer function
corrected for temperature of the sensor 1
through 3 and the AOTF. Additional footnote
added.

February 15th 2015 [TELEMETRY (1553)

Table 2. Transfer functions updated after
calibrations on SINBAD PFM. The current units
changed to A (previously mA). The parameter
names ADC_1_REFERENCE_VOLTAGE and
ADC_2_REFERENCE_VOLTAGE level changed to
3.3V (previously 2.4 V). The description column
also changed for these 2 parameters (3.38V vs.
2.4V previously). Examples of raw and
calculated values added

FILE_SYSTEM

Context file (table 3): LNO TEMPERATURE AND
DATA CONTINGENCY SUPERVISORS "block”
changed to LNO TEMPERATURE, DATA AND FLIP
MIRROR CONTINGENCY SUPERVISORS. Within
this block spare parameter (3 bits) was removed
and 3 new parameters related to flip mirror (1 bit
each) are inserted

SFS "block" moved to the end of the context file
and within this block parameter
STEPPER_MAX_STEP_CONTIGENCY_INCREMEN
[T was added.

[TELEMETRY (SpW)

Footnote ( e) added for parameter NMTM2890
"UVIS_SCIENCE_DATA". Also general footnote
(f) added about UVIS science packet.

TM(28) contains first the “Copy of COP rows”,
then the “UVIS HSK parameters”. Previously this
was inversed and has now been corrected.

1stof March 2015 TELEMETRY (1553)

[Table 2: the SO/LNO/UVIS temperatures
reshifted within the table because 3 temperature
readings were mixed-up/inverted (previously
50,LNO,UVIS. Now, LNO,UVIS,SO) on SINBAD
side. Also transfer function is updated to get
more precise values.

[Table 9: LAST_CONTINGENCY_CODE description
added.

Table 1: event code 140 (IS_FILE_SYSTEM
explained). event code 10 (force_heater_status

event code 130 (WATCHDOG_ERROR
explained). event code 131 (SENSOR_INDEX
explained and table 26 added).

Table 26 "SENSOR INDEX" added

Table 22 updated: code 255 added, code 25
explained that it will never be used.

Table 23 completly updated.

[Table 27 "FILE MANAGER OPERATIONS
REPORT" added.

[TM (34): CHECK_COUNT parameter. (1...7)

FILE_SYSTEM

"BOOT DATA FILE"-table updated

"FILES IN FILE SYSTEM"table
file_1D:19,20,..255 changed t0 19,20,...254

"CONTEXT FILE"-table: UVIS_OVER_CURRENT
changed to spare

Prom data (from EEPROM) typical values added

SINBAD flight model memory map added.

[TELEMETRY (Spw)

[TM(22)(25) CHANNEL_ID and
FLIP_MIRROR_INFO parameters explained.

Footnote (a): extra info added.

System log TM(60): 60’ changed to 10'

[TELECOMMANDS

[TC(35)-create empty file. The parameter
BYTE_SIZE changed to MAX_BYTE_SIZE.

Check memory type changed to 33 (previously
32, long lasting typo that nobody spotted...)

2.0

1st of March 2015 Jrone

2.1

10th of March 2015 [TELEMETRY (1553)

final release of document

footnote (c ) added: linear approximation to be
used for NMHK2618 and NMHK2318 (table 17
and table 18)

2.2

12th of March 2015 FILE_SYSTEM

Names of heater temperature parameters in
context file updated to: heater_so_low_code,
heater_so_high_code, heater_Ino_low_code,
heater_Ino_high_code, heater_uvis_low_code,
heater_uvis_high_code

26th of March 2015 [TELEMETRY (1553)

Table 14 and 16: The parameter names for
INMHK1344 and NMHK1364 changed to
PACKET_DISCARDED_COUNT instead of
WRITE_SYNC_ERROR

Table 17 and 18: The footnote (c ) is removed.
We are using now full 4th order polynominal.

2.4

14th of April 2015 FILE_SYSTEM

Table 3. Names of parameters in context file
(SINBAD SENSOR LIMITS block) updated to:
LNO_DETECTOR_LOW_COUNT_TEMPERATURE,
LNO_DETECTOR_HIGH_COUNT_TEMPERATURE,
SO_LOW_COUNT_TEMPERATURE,
SO_HIGH_COUNT_TEMPERATURE,
LNO_LOW_COUNT_TEMPERATURE,
LNO_HIGH_COUNT_TEMPERATURE,
UVIS_LOW_COUNT_TEMPERATURE,
UVIS_HIGH_COUNT_TEMPERATURE

2.5

5th of May TELEMETRY (1553)

[Table 2. NMHK1117 HEATER_CURRENT transfer
function changed

Ringlaan 3 Avenue Circulaire

B-1180 Brussels * sheet "TELECOMMANDS" :

Belgium * sheet "TELEMETRY (1553)" :
* sheet "TELEMETRY (SpW)" :
* sheet "PACKET FORMATS" :

* sheet "FILE SYSTEM" :

This document contains the Data Operations Handbook of NOMAD

all telecommands including their parameters
all 1553 bus telemetry including their parameters
all spacewire bus telemetry including their parameters

the structure of telecommands and 1553 + spacewire telemetry packets

some useful info on the SINBAD file system




Applicable and reference documents

RDO1 EXM-NO-REP-IAA-00002 - NOMAD Software Architecture and Design Document
RDO2 EXM-NO-TNO-AER-00022-issxrevx-TMTCStrategy - TCand TM Strategy for SO and LNO
RDO3 EXM-NO-TNO-OPU-00010 - TCand TM Strategy for UVIS



Telecommands (always via 1553)

roland

roland

roland

Code name 1553 Tunction Sub-function Timing Structure Felemetry generated
subaddress type packet size data checksum blue = 1553
Toyte | 3 bytes data code ]| data length | Gata name 2 bytes red= spacelire
NMTC2000 | Tci20) g Start operation /A e 20 m NMTC2001 | 2bytes T [TMIR2) TM(23), TMI(ZS), TMI26), TMI(Z7), TMI(28)
[TNwTc2002 | 2bytes  JSO.START SCIENCE.1 M(29) fever a
[TNMTc2003 | 2bytes . JO.START SCIENCE 2 1;“fm slar o) a0 every Lsvia
NMTC2004 Tbyte  JoO_DURATION_REFERENCE1 TMS) (every 1
[NwTc2005 Tyt JoO.DURATION. REFERENCE.2
[NMTc2006 | 2bytes . J50_DURATION TIME
NMTC2007 Thyte
[NwTca008 Tbyte . Jo0.COP_PRECOOLING
["NWTc2009 | 2bytes  JF0.COP SCENCE 1
NMTC2010 | 2bytes  J50.COP_SCIENCE 2
[TNwTc20r | 2bytes  JINO.START.TIME
[TNMTc2012 | 2bytes  JINO.START SCENCE.L
NWTC2013 | 2bytes  JINO_START SCIENCE2
R Tbyte . JNO_DURATION_REFERENCE 1
DS Tbyte . JNO_DURATION REFERENCE 2
NMTC2016 | 2bytes  JiNO_DURATION_TIME
[NwTc2017 Toyte . JNO.COP_GENERAL
D Thyte . JNO_COP_PRECOOUNG
NWTC2019 | 2bytes  JINO_COP_SCIENCE 1
[TNwTc2020 | 2bytes  JINO.COP_SCIENCE.2
[TNWTc2021 | 2bytes  JUVIS START TIME
NWTC2022 | 2bytes  JUVIS_DURATIONTIMIE
[TNwTc2023 | 2bytes  JUvis.corRow
[NwTcs000 | TC0) 10 Patch memory WA asvnc 30 [min= 13 max| NMITC3001 Thyte S o
= NWTC3002 | 4 bytes  JPATCH_ADDRESS AL
D Thyte  JPATCH.SIZE.SL=NI=1.52
[wTcs00s | Nibytes  JPATCH DATA DT
NMTC30m | 4 bytes . JPATCH-ADDRESS_AC
NMTC30m Toyte . JPATCHSIZE.Sc= Ne= 1. 52
NMTC30m ]| Ncbytes JPATCH_DATA_Dc
I R T Gump memory A asvnc 3T fm NMTCS101 | 4 bytes . JOUMP_ADDRESS 3 ME2)
D Toyte  JOUMP.SIZE = N=1 . 55
BN ) 13 Check memory N/A async 33 fmin=13 max NMTC3301 Tbyte  JCHECK COUNT=c=1..7 F V)
=49 I NwTcs302 | @bytes  JCHECK ADDRESS AL
[TNMTC3303 | 2bytes  JCHECK SIZE.C1= Ni= 1. 1023
NMTC33m | 2 bytes  JCHECK ADDRESS Ac
NMTC3mx || Zbytes . JOHECK SIZE Sc= Ne= 1o 1023
[RvTcss00 | o) 15 file manager append to file async 35 fmin=10 max NMTC3501 Toyte . JOPERATION_CODE = 10 CC . [TMI(36) if SEND_REPORT = 1
operation o [NwTcasoz Toye JED
[wTcasos Toyte 1L b SEND_REPORT
NMTC3504 7 bits) BviE_SizE= N =1 55
[TNwTcasos | Nbyes Iﬂrcu,ams
update file async 35 [minc 18 max| NWTCss01 1byte |oms 11 cc 'M(36) if SEND_REPORT = 1
NMTC3506 Toyte JFIED
[TNwTcssor | 2bytes Im
[wTcasos Toyte L b SEND_REPORT
NMTC3509 (7 bits) BvTE_SizE= N =1 51
[Nwrcssio | Nbyes I;ncu BYTES
update column file async 35 [min= 18 max| NWTCss01 1byte |om =12 cc M(36)
= NMTC3511 Thyte
[TNwTcss12 | 2bytes  JROW.BVIESZE
R T
NWTC3514 | 2bytes
EEE T
EESE Tbyte 147
NwTCs517 | Nbytes
Copy entire file async 35 g NMTC3501 Tyte . JOPERATION.CODE - 13 3 (6)
EES Tbyte Ir-us,m,soukcg
T | 1o JE o oeTATon
Copy partial e async 35 21 NMTC3501 Tyt JOPERATION.CODE - 12 3 e
e
N
T
e
IR [DESTINATION.RELATIVE_OFFSET
Il e with memory async 35 g NMTC3501 Tbyte  JOPERATION.CODE - 15 3 (6)
area
create empty file async 35 43 NMTC3501 1byte  JOPERATION_CODE = 20 cC T™(36)
[TNwTcss2s | dbytes  JMAX BVIESZE
[TNwTcsss0 | szbytes Ir-uLNAME
delete last file async 35 7 NMTC3501 1byte  JOPERATION_CODE = 21 cC [rv(36)
erase e content async 35 s NMTC3501 Tyt JOPERATION. CODE - 22 3 e
NMTC3531 Tbyte Ir-us,m
reset file system async 35 7 NMTC3501 1byte  JOPERATION_CODE = 30 cC [rv(36)
ecompress file asvnc 35 g NMTC3501 Tbyte . JOPERATION. CODE - 31 3 e
NMTC3532 Tbyte Ir-us,m,soukcg
NMTC3533 Thyte
EEEE T
["NwTcsss 4 bytes lUNCOMm,S\ZE
Jdownload compressed async 35 8 NMTC3501 1byte ITERAT\OM;ODE =40 cC [T™(36), TM(37)
file EEES Toyte  JFIEID
Drint fle status async 35 g NMTC3501 Tyt JOPERATION. CODE - 41 3 s
NMTC3537 Toyte JFIED
print ful status async 35 7 NMTC3501 Tyt JOPERATION. CODE - 42 3 (36)
Drint fle system async 35 7 NMTC3501 Toyte . JOPERATION CODE - 43 3 s
1 o
NMTCA000 | Tctd0) 15 Safe mode. N/A async %0 3 N/A VA VA 3 M(L0)
[NwTcs000 | Tci0) 20 Teady to power off WA async 50 3 WA VA VA CI )
NMTC7000 | TC00) (@ 2 Custom command enable forced e 70 7 NMTC7001 Tbyte . JOPERATION_CODE - 1 T [TMIU10) (except in E)
powering of ops
heai
Gisable forced asvne 70 7 NMTC7001 Tbyte . JOPERATION_CODE - 2 CC . [TMI0) (except in E)
powering of ops
heaters —
i mirror to nadir async 70 T NMTC7001 Tbyte . JOPERATION.CODE = 10 3 0]
position NMTC7002 Tbyte  JSTEPPER SPEED
["NwTc7003 | 2bytes  JMAX.STEPNUMBER
[NMTC7004 | Lbvte (5) [ bi) S NADIR NOMINAL ENABLING (o)
[TvTc700s | [ 5it) L5_NADIR_OVERSHOOT_ENABLING (a)
[“Nwrcro0s | [T510) L5_SOLAR_NOMINAL ENABLING (2)
[Swrcioor | [1511) 15_SOLAR_OVERSHOOT _ENABLING (2)
Wp mirror to solar e 70 ) NMTC7001 Tbyte  JOPERATION. CODE - 11 < [vno)
position [NwTcro02 Toyie . [STEPPERSPEED
[TNWTC7003 | 2bytes  JMAX.STEPNUMBER
NMTC7004 | 1byte (6) 4 bit) 5_NADIR_NOMINAL ENABUING (a)
[“vrcro0s | [15it) LS_NADIR_OVERSHOOT _ENABLING (2)
[wrcroos | (757 15 _SOUAR_NOMINAL ENABUNG (2
[TvTc007 | [ 5it) L5_SOLAR_OVERSHOOT_ENABLING (a)

roland




roland

fip mirror to launch async 70 T NMTC7001 Thyte Epwmc ODE = 12 C V)
Position NMTC7002 1byte STEPPER_SPEED
NMTC7003 2bytes  [JMAX_STEP_NUMBER
NMTC7004 | 1byte (o) (L bit) LS_NADIR_NOMINAL ENABLING (a)
NMTC7005 [5it) LS_NADIR_OVERSHOOT_ENABLING (a)
NMTC7006 [1'bit) LS_SOLAR_NOMINAL_ENABLING (a)
NMTC7007 [(15it) LS_SOLAR_OVERSHOOT_ENABLING (a)
arm pin puller (step 1) async 70 7 NMTC7001 byte [JOPERATION_CODE = 20 <3 "arm pin puller" and "fire pin puller " to be seen as 1
fcommand (in 2 steps)
TM(10) (event = "pinpuller fired"
f armsfire successful, event = "pinpuller disarmed” if arm
Joot folowed by fire within 30 )
fire pin puller (step 2) async 70 7 NMTC7001 Tbyte  JOPERATION_CODE = 21 CC [rm pin puller and "fire pin puller" to be seen as

Jommand (in 2 steps)
TM(10) (event = "pinpuller fired"
f arm#fire successful, event = "pinpuller disarmed” i

rm

Jrot followed by fire within 30)

(a) "0" to enable the limit switch (LS), "1" to disable the limit switch (LS)
(b) this bytes contains 4 spare bits (at MSB side) and 4 significant bits (at LSB side)

(c) additional TC(70) exist with OPERATION_CODE = 100, 101 and 102 for laboratory tests (direct commanding of SO channel). These are not implemented in deliverable models

(d) possible values for COMPRESSION_ALGORYTHM: 0x12 056 (MKPROM

0xF9



Telemetry via 1553

= e TS5 oaaens Toncion e
e Teaetse | tmesams T cou e Thedem
Toye Tovier Fhyies Toyes =3 Gata Tergth e Toyes
NMRKI000 Wi ) © 2 NVIFKL00T NMRKI002 NVIFKIO10 ThyteJEVENT_cODE <
el | tove JVeNT PARVETER
I e g e —T — e |mmps =
ee able 3 Thyte JADC_ISENSOR SUPERVISOR
See e s Toye
Seetbes
See b s
See able 7 [ROWAD. PP WIRROR_STATUS
NTRIZ00 g NOAD KT P = g NTRIZ0T NK1Z02 See tble s rerATIONALMODE &
See es ovTaENaEs
e able 10 frers
NTRIS00 ) 7 NOVAD RS P = = NTRIS0T NTRI302 o able 1 553 505 =
e T2 Erac e
et TS [P CrAREL
o oble 10 AT A
e e TS [FEGONDANT L
e teoe 16 TATISTICS RECUNDANT
a0 Q] 7 o ETAE) = e RRE0L a0z e e 17 SRR T
NMFKZ600 3 NG ik e 30" a) % E NMIFKZ60T NMFKZ602 Seetabie1s | 34ovies  JINO.MOUSEKEEPING 3
a0 7 S ELAE] S = NRES0L a0z e | e I_u TS FOUSEREEPING =
TG00 = O T = T TG | Abves JoONAGORESS C
= NMHK3202 1byte pump_size = 53
(I T AT
NMFK3400 [ Check memory report] - async (307 (o) 3 =15 mans NNIRKGA0L ek COUNT (170 3
63 NMHK3402 JCHECK_ADDRESS_A1
e reccsest
) Toves JORCCORTADE
E T SR v
O Tore RO 1T
N Toves JORCCORA DT 7]
TRTRGE00 Es 5 Temamager | T GOTE 3 = NRRGET Towe  [oreRATon cooe G
T | e oo e o
IEEE T A ]
D Toyt FiED
NIHK3606 Zbyies JORECSUM
(o i chanre s switched on
(o) reated asynchronously - transmited at 30 sec dock tick
Table 1. EVENT_PARAMETER
T e | e I A S T I
| T T N U | rame TR TN | ame o | ewn | e | = |
INFORMATION
Rovino T sare mode TTRIOT0
RO T omserving mode B
oo Iomder ron count 3
eter og TWIGO generated T
T ot to Geaul poTion g NVIHKI011 Tbyte NMHK1013 8 bits) spare NMAKI015 | 2bytes  JFTEPS_COUNTER
racin RIS ROIC STATE @ RRTRIONE T T U ENRBING (@ o0
e 20
JFiv mirror to contimgency G NMHKI016 byte . Jé bits)spare NMHKI018 oyte . J@bits) spare NMHK1020 STEPS_ COUNTER
Jposition (solar) 'NMHK1017 1@ bits) L5_STATUS (0 'NMHK1019. (@ bits) LS_ENABLING (d) (table 21)
table 20
7 RTRIOTT Tore s ] Tone [roe s | Tove Jers counTe
NTRIOZS NRTRIONE T T 5 ENRBING (@ oD
roater tred 0
o of measarement ovde 0
orce hester operation T NMIHK1026 Tbytes ware
TTRIOTE
ERRORS
o errorerror sending aata ] WMRRIOT0 ™
error marm channel &0 Tor
. channe T
TCrereced eror n bytese ™ NMIHK1082 NMHKI0S3 | 3bytes  [WRONG_TC.SIZE
rejected: error in checksum 111 NMHK1094 2bytes fspare I NMHK1095 I 2 byte: NG_CHECKSUM_TYPE
T reected cnkmown TC ™ RIS Tore Jrere RIS
g ™ RIS Tore [ TRIOS
™ NRIOS oo [rere NTRIOSS
pS NTRIOSE Toves [eore NTRIOST
ip miror:ma mamber o teps ™ NTRIOSE TR (ETOED RIS e [roee e | zoe Jers-counTen
aken 'NMHK1057 @ bits) L5_STATUS (o) 'NMHK1059. 4 bits) Ls_ENABLING (d) (table 21)
table 20
o mareor aeady B RRION Tore Jo o spare LS T [ R ST
jrommanded positio NMHK104; (4 bits) LS_STATUS NMHK1044 NABLING (d) (table 21)
abie20)
T ot 1o Gefult postion = TRIONE e b soare NI e [roe e | zoe e counTen
Jerror limit switch (e) 'NMHK1047 @ bits) L5_STATUS 'NMHK1045. (@ bits) L5 _ENABLING (d) (table 21)
table 20
o marror o contngency ™ NRIOST Tore Jo o spare IS T [T EETT SEET
Jposition -error limit switch (1) NMHK1052 (4 bits) LS_STATUS NMHK1054
Lt 20)
o poTer armed - fring
mmang cecoived
“Kem reboor by war ™ NMIHK1099 NMHKI061
n T TTRIOT0 T e NTRIOTT
mgeney detected ™ RIS Toves e RIS
e svem error % NTRIOS Tore MY T ST EEETTra SRS
RIS TN FIE ST
o tie e e

0)"0" i limit 5

(d) 0" f limit switch (15)is enab

tch (1S)is pressed

el

Table 2. SINBAD_SENSORS

ch (L5)1s not pressed

witch (L5)1s disabled

e) when "LS nadir nominal swits

h enabled but not pressed" OR "LS nadir nominal switch disabl

d while LS nadir overshoot enabled s

witch and not pressed

hen "LS solar nominal switch enabled but not pressed” OR "LS solar nominal switch disabled while LS solar overshoot enabled switch and not pressed

parameter name

transfer function

Size (bits)

description










Result code

Op. Code File op. name File 1D
Code Meaning
0 Operation OK
File corrupted
10 Append to file
File checksum error
Offset out of range.
eration OK le 1D
File corrupt. le 1D
1 Update file
File checksum error file ID
4 Offset out of range file ID
eration OK file ID
20 File corrupted file 1D
12 Update column file
4 File checksum error ile 1D
4 Offset out of range. file 1D
0 eration OK destination file ID
File corrupted ce/destination file 1D
13 Copy entire file
41 File checksum error ce/destination file ID
a2 Offset out of range destination file ID
0 eration OK destination file ID
File corrupted tination file 1D
14 Copy partial file
File checksum error ce/destination file 1D
4 Offset destination file 1D
0 eration destination file ID
40 orrupted destination file ID
15 Fill file with memory area File checksum error destination file ID
Offset out of range destination file ID
4 Error in file decompressior destination file ID
0 eration OK file 1D
File name already exists file ID of the file with this name
20 Create empty file
Cannot add more fles in file system em max file count
4 No room in file system file system file count
0 eration deleted file id
2 Delete last file
46 Canno default file ast file ID
22 Erase file content Operation OK le 1D
0 eration OK o
30 Reset file system
Error getting data from EEPROM
‘Operation OK
4 File corrupted
31 Decompress file 41 le checksum
2 Offset out of range destination file ID
Error in file decompressior source file ID
0 ‘Operation OK source file ID
4 File corrupted e 1D
40 Download compressed file
le checksum e ource file ID
47 Error in file compression source file ID
0 Operation OK ile 1D
a1 Print file status 4 File corrupted file 1D
4 le checksum e file 1D
o Operation OK 0 (not applicable)
a2 Print full status
50 File system corruption 0 (not applicable)
0 Operation OK 0 (not applicable)
a3 Print file system status

File system corruption

0 (not applicable)




enerated after telecommand +

repetition rate

Jrontinuously

Jrontinuously

Jrontinuously

7C120)

‘continuously

TC(31) - once

TCE3) - once

EVENT_BYTE 4

Tength T

name

bit) force_heater_stat,

Lbyte IATCHD

=rTEMS fata
ensors AL hal format, ADC count:
Value Range Calculated Value Range Calculated Unit ‘Nominal or channel OFF (approx. value) n pr
0t0374 0t 6
5 40¢ 19.61
362 to 40" 1 19.61
510 010 0.
1603059 3
Ltc 5
T35 1o 3000 Eyw—










Byte Size

Checksum

file updated byte size

fle byte size

file updated checksum

file checksum

fle byte size

fle checksum

fle byte size

fle checksum

le updated byte size

file byte size

file updated checksum

fle byte size

file checksum

file checksum

fle byte size

fle checksum

ile updated byte size

file byte size

file updated checksum

file byte size

file checksum

file byte size

file checksum

file checksum

destination file byte

source/destination file byte size

destination fi

source/destin

source/destination file checksum

tion file byte size

source/destina

file checksum

destination fle byte size

destination file checksum

destination file byte

source/destination file byte size

destination file checksum

source/destination file checksum

source/destination file byte size

source/destination file checksum

source/destination file byte size

source/destination file checksum

destination file byte

estination file byt

destination file checksum

destination file checksum

destination file byte size

destination file checksum

destination file byte size

destination file checksum

o

0

)

file size of the file with this name

checksum of the file with this name.

o

file system checksun

o

eleted file byte size

m checksur

last file byte size

deleted file checksum

last file checksum

file byte size

file system file count

file byte size

file system checksum

file system file count

file system checksum

destination file byte size

source/destination file byte size.

destination file checksum

source/destination file byte size

source/destination file checksum

source/destination file checksum

destination file byte size

destination file checksum

source file byte size

source file byte size

source file checksum

source file byte size

source file checksum

source file byte size

source file ch

source file check

source file byte size

file byte size

source file checksum

fle byte size

file checksum

fle checksum

file byte size

fle checksum

tem file count

file system file count

m checksur

file system file count

file system checksum

file system checksum

tem file count

file system checksum




Telemetry via SpaceWire

code name sub address function timing

type

1 byte
NMTM2200 TM(22) N/A SO science async 22
NMTM2500 TM(25) N/A LNO science async 25
NMTM2700 TM(27) N/A JUVIS applied parametersj async 27
NMTM2800 TM(28) N/A UVIS science async 28
NMTM2900 T™M(29) (b) N/A UVIS HK async 29
NMTM3700 TM(37) N/A file manager download async 37

file report

(type 1)




37

(type 2)

NMTM6000 TM(60) N/A system log sync (10')

60

)
b) same data as TM(29) in 1553 channel

(
(
(c) described in UVIS TM/TC Strategy document (RD03)
(
(
(

Table 24. UVIS_COP_ROW_VALUES

a) described in SO/LNO TM/TC Strategy document (RD02) —> during science phase the size of SO/LN

d) N=1,2,3 for normal science; N=15 for downloading full frames (dark sky calibration, testing, ...
e) N = 1.25; TM (28) UVIS SCIENCE packets with length 2710 bytes. It is explained by OU that these
f) It is also worth pointing out that UVIS can be sending 1 packet (size 6378 bytes = 2096*3+90) of

code TM(27) code TM(28) parameter name
NMTM2711 NMTM2841 IMODE
NMTM2712 NMTM2842 IACQUISITION_MODE
NMTM2713 NMTM2843 IBIAS_AVERAGE
NMTM2714 NMTM2844 lDARK_AVERAGE
NMTM2715 NMTM2845 SCIENCE_AVERAGE
NMTM2716 NMTM2846 V_START
NMTM2717 NMTM2847 V_END
NMTM2718 NMTM2848 IH7$TART
NMTM2719 NMTM2849 lH_END
NMTM2720 NMTM2850 VOD_VALUE
NMTM2721 NMTM2851 VRD_VALUE
NMTM2722 NMTM2852 START_DELAY
NMTM2723 NMTM2853 IACQUISITION_DELAY
NMTM2724 NMTM2854 IINTEGRATIONiTIME
NMTM2725 NMTM2855 INUI\/IBER_OF_ACQUISITIONS
NMTM2726 NMTM2856 INUI\/IBER_OF_FLUSHES
NMTM2727 NMTM2857 IDARKﬁTOioBSERVATIONisTEPS
NMTM2728 NMTM2858 IOBSERVATION_TO_DARK_STEPS
NMTM2729 NMTM2859 IMOTOR_DELAY
NMTM2730 NMTM2860 IMOTORiSTARTiPOSITION
NMTM2731 NMTM2861 lFLAG_REGISTER
NMTM2732 NMTM2862
NMTM2733 NMTM2863
NMTM2734 NMTM2864
NMTM2735 NMTM2865
NMTM2736 NMTM2866
NMTM2737 NMTM2867
NMTM2738 NMTM2868
NMTM2740 NMTM2870 IHORIZONTALﬁAND7COM BINED_BINNING_SIZE
NMTM2750 NMTM2880 ICONTROL_BITS

NMTM2885 IREVERSE_FLAG_AND_DATA_TYPE_FLAG_REGISTER




Table 25. LAST TELECOMMAND STRUCTURE

code TM(22)
i=1,..,6

code TM(25)
i=1,..,6

parameter name

NMTM2209-i-01

NMTM2509--01

spare

NMTM2209-i-02

NMTM2509-i-02

IAOTF power cmd

NMTM2209-i-03

NMTM2509--03

write cooler parameters

NMTM2209-i-04

NMTM2509-i-04

start accumulation

NMTM2209-i-05

NMTM2509-i-05

Iforce AQTF enable

NMTM2209-i-06 NMTM2509-i-06 Ihsk enable
NMTM2209-i-07 NMTM2509--07 IDEGF
NMTM2209-i-08 NMTM2509-i-08 IDVAF

NMTM2209-i-09

NMTM2509-i-09

Iforce size AB

NMTM2209-i-10

NMTM2509-i-10

forog enable

NMTM2209-i-11

NMTM2509--11

SBSF

NMTM2209-i-12

NMTM2509-i-12

detector enable

NMTM2209-i-13

NMTM2509-i-13

INRACC

NMTM2209-i-14

NMTM2509-i-14

IDVVNL

NMTM2209-i-15

NMTM2509-i-15

IDVVYA

NMTM2209-i-16

NMTM2509-i-16

IsF

NMTM2209-i-17

NMTM2509-i-17

JDEIT

NMTM2209-i-18

NMTM2509-i-18

spare

NMTM2209-i-19

NMTM2509-i-19

IDS

NMTM2209-i-20

NMTM2509-i-20

IDDS

NMTM2209-i-21

NMTM2509-i-21

fovs

NMTM2209-i-22

NMTM2509-i-22

spare

NMTM2209-i-23

NMTM2509-i-23

spare

NMTM2209-i-24

NMTM2509-i-24

TGA

NMTM2209-i-25

NMTM2509-i-25

IAOPS

NMTM2209-i-26

NMTM2509-i-26

IAOFS

NMTM2209-i-27

NMTM2509-i-27

spare

NMTM2209-i-28

NMTM2509-i-28

spare

NMTM2209-i-29

NMTM2509-i-29

IPFCM

NMTM2209-i-30

NMTM2509-i-30

ICEDl

NMTM2209-i-31

NMTM2509-i-31

ICEDZ

NMTM2209-i-32

NMTM2509-i-32

lceD3

NMTM2209-i-33

NMTM2509-i-33

spare

NMTM2209-i-34

NMTM2509-i-34

| 4o

NMTM2209-i-35

NMTM2509-i-35

spare

NMTM2209-i-36

NMTM2509-i-36

Ic1

NMTM2209-i-37

NMTM2509-i-37

spare

NMTM2209-i-38

NMTM2509-i-38

spare

NMTM2209-i-39

NMTM2509-i-39

ICZ




I NMTM2209-i-40 I NMTM2509--40 [spare

I NMTM2209-i-41 I NMTM2509--41 [ffspare

I NMTM2209-i-42 I NMTM2509-42 I3




packet size timestamp TM count data
3 bytes 8 bytes 2 bytes code length
min = 242 NMTM2201 NMTM2202 NMTM2203 8 bytes
LERSE /S NMTM2204 1byte
NMTM2205 1 byte
NMTM2206 44 bytes
NMTM2207 2 byte
NMTM2208 4 bytes
NMTM2209 25 bytes
25 bytes
25 bytes
25 bytes
25 bytes
25 bytes
NMTM2210 N bytes
min = 242 NMTM2501 NMTM2502 NMTM2503 8 bytes
max = 11762 NMTM2504 1 byte
NMTM2505 1 byte
NMTM2506 44 bytes
NMTM2507 2 byte
NMTM2508 4 bytes
NMTM2509 25 bytes
25 bytes
25 bytes
25 bytes
25 bytes
25 bytes
NMTM2510 N bytes
48 NMTM2701 NMTM2702 NMTM2703 1 byte
see table 24 31 bytes
fmin = 2186 NMTM2801 NMTM2802 see table 24 32 bytes
max = 31530
see table 19 in sheet 42 bytes
"TELEMETRY (1553)"
NMTM2890 N x 2096 bytes
58 NMTM2901 NMTM2902 see table 19 in sheet 42 bytes
"TELEMETRY (1553)"
55 NMTM3701 1 byte
NMTM3702 2 bytes
NMTM3703 4 bytes
NMTM3704 4 bytes




NMTM3705 4 bytes
NMTM3706 32 bytes
NMTM3707 2 bytes
min = 10 NMTM3710 1 byte
max = 1024 NMTM3711 2 bytes
NMTM3712 Nd bytes
max = 4096 NMTM6001 max 4090 bytes

I0_SCIENCE DATA is 16bytes+320 pixels*24lines/pixel*1.5 byte/pixel = 11536 bytes. Total size of TM(22)(2

2 are the standard UVIS packets. These are created when “off chip binning” is performed. In that case a da

‘three lines every 1s (or 15s) or 3 packets of one line (2096+90 = 2186 bytes/packet) each 1s (or 15s). Not:

size (bits) desci
8 IFunctionaI mode for this set of scans
8 ICCD readout mode
8 INumber of 'Bias' scans to average.
8 INumber of 'Dark' scans to average.
8 INumber of 'Science' scans to average.
8 Top Right Corner, Y - Coordinate
8 IBottom Left Corner, Y - Coordinate
16 Top Right Corner, X - Coordinate
16 fBottom Left Corner, X - Coordinate
16 Value to apply to VOD DAC
16 Value to apply to VRD DAC
8 lDeIay from start command
16 IDeIay between two successive acquisitions
16 IExposure delay before the CCD readout starts.
16 INumber of acquistions to return in current sweep
8 INumber of flush operations to carry out
8 Steps to drive motor from dark to observation mode
8 Steps to drive motor from observation mode to dark
8 Sets stepper motor drive frequency
8 Sets the starting pole position for the SO and NADIR motor seq
1 lbit 0 (Lsb) = LED control
1 Ibl = Loop Dark
1 |b2 = Integration time increment
1 Jo3 = sci HK
1 Ib4 = locate Dark
1 Jos = LED
1 Ib6 = Motor Hold
1 Ib7 = Set on/off chip binning
8 IHorizontaI and Combined binning
16 IControI bits
8

IReverse flag + Data type flag




byte nr size (bits) desci
5 spare
1 AOTF power command flag
0 1 write coolers parameter flag
1 start accumulations flag
1 Iforce AQTF enable flag
1 Ihousekeeping enable flag
1 detector gain flag
1 detector video amplifier flag
! 1 Iforce size A/B flag
1 Norogramming enable flag
1 spectral background subtraction flag
1 detector enable flag
2 8 Inumber of accumulations
3 8 Iheight of detector window (i.e. number of lines in detector win
4 8 Inumber of first line in detector window
5 8 Roinning factor
6
7 24 detector integration time
8
5 spare
1 detector supply flag
9 1 data source flag
1 data valid source flag
10 8 spare
1 spare
1 7 AOTF delay
12 8 AOTF power setting
13
14
- 32 AOTF frequency setting
16
17 8 spare
18 4 spare
1 closed loop flag
1 cooler enable flag 1
1 cooler enable flag 2
1 cooler enable flag 3
19+20 3 spare
13 cooler set point (target temperature)
21 8 spare
4 cooler closed loop coefficient 1
22 4 spare
2 spare
23 4 cooler closed loop coefficient 2




spare

24

spare

cooler closed loop coefficient 3




Igenerated after telecommand + repetition rate

checksum

name

2 bytes

TC_EXECUTION_TIMESTAMP

JCHANNEL_ID (1= 50, 2= LNO)

FLIP_MIRROR_INFO ( 0= contingency position(solar), 1= default

osition(nadir), 255= unknow position)

HSK_TIMESTAMP (8 bytes)

IHSK_TM_COUNT (2 bytes)

JLAST HOUSEKEEPING DATA (34 bytes)(see table 17)

SIZE_OF_TC_COPY (25,50, 75, 100, 125 or 150)

SIZE_OF_SCIENCE_DATA = N =16 or 11536

ILASTiTELECOMMAND SUBDOMAIN_1 (see table 25)

ILAST_TELECOMMAND SUBDOMAIN_2 (see table 25)

ILASTiTELECOMMAND SUBDOMAIN_3 (see table 25)

ILAST_TELECOMMAND SUBDOMAIN_4 (see table 25)

ILASTiTELECOMMAND SUBDOMAIN_S (see table 25)

JLAST TELECOMMAND SUBDOMAIN_6 (see table 25)

SO_SCIENCE_DATA (a)

@c

TC(20) - continuously

[TC_EXECUTION_TIMESTAMP

JCHANNEL_ID (1= SO, 2= LNO)

FLIP_MIRROR_INFO ( 0= contingency position(solar), 1= default

osition(nadir), 255= unknow position)

HSK_TIMESTAMP (8 bytes)

IHSK_TM_COUNT (2 bytes)

JLAST HOUSEKEEPING DATA (34 bytes)(see table 18)

SIZE_OF_TC_COPY (25,50, 75, 100, 125 or 150)

SIZE_OF_SCIENCE_DATA = N =16 or 11536

ILAST_TELECOMMAND SUBDOMAIN_1 (see table 25)

ILAST_TELECOIVIMAND SUBDOMAIN_2 (see table 25)

ILAST_TELECOMMAND SUBDOMAIN_3 (see table 25)

ILAST_TELECOIVIMAND SUBDOMAIN_4 (see table 25)

ILAST_TELECOMMAND SUBDOMAIN_5 (see table 25)

ILAST_TELECOIVIMAND SUBDOMAIN_6 (see table 25)

ILNO_SCIENCE_DATA (@)

CC

TC(20) - continuously

JUVIS_RESET_SELECTOR

IUVIS_COP_ROW_VALUES

CC

TC(20) - once

IUVISfCOPfROWfVA LUES

JuVIS_HOUSEKEEPING

JUVIS_SCIENCE_DATA (N=1, ..., 15) (c)d) (e) (f)

CC

TC(20) - continuously

JuVIS_HOUSEKEEPING

CC

TC(20) - continuously

frie_p

JCHUNK_NUMBER = 0

START_ADDRESS_TEMP_FILE

JUSED_BYTES_TEMP_FILE

CC

TC(35) with OPERATION_CODE = 40

of type 2 (depending on file size)

Always at

Jleast 2 TM(37) are sent, one of type 1 and one (or more)




[VAX_BYTES_TEMP_FILE

NAME_COMPRESSED_FILE

JCHECKSUM_TEMP_FILE

IFILE_ID cc
ICHUNK_NUMBER = 1 (optional 2, 3, ...)
IFILE_DATA (Nd=1.. 1015)

LOG_LIST CC continuously

Rate depends on occupancy of SINBAD and number of
events (between 1' and 10')

5) is then 11762 bytes.During the precooling phase the size of SO/LNO_SCIENCE DATA is 16 bytes hence total size of TM(22)(25) packets is

ta string of 2.5 bytes x 1048 is created. This mode is set by putting bit 7 “On/Off Chip Binning” to 0 in parameter “Flag Register” (see table

e that first UVIS science packet (and only first packet) of each observation has a size of 4282 bytes (2096*2+90).

ription

uences




ription

dow)










242 bytes.

24 below) in the UVIS COP rows.









Formats for telecommands over 1553

byte

O 00 N O b~ W N R

A B DM D DS DD DWW W W WW W W WWNNNDNNNNNNNDNR R P R R P R R PR
N oo o A WN R O LV O NoOO VPR WN R O LV OO NOO U WN R O LV 0 NoOO Ul W N R O

TC(20) TC(30) TC(30) TC(30)
example 1 example 2 example 3
20 30 30 30
44 13 64 61
NMTC2001 NMTC3001 = 1 NMTC3001 = 1 NMTC3001 = 9
NMTC3002 NMTC3002 NMTC3002
NMTC2002
NMTC2003
NMTC3003 = 1 NMTC3003 = 52 NMTC3003 = 1
NMTC2004 NMTC3004 NMTC3004 NMTC3004
NMTC2005 (&) NMTC3005
NMTC2006
NMTC2007
NMTC2008 NMTC3006 = 1
NMTC2009 NMTC3007
NMTC3008
NMTC2010
NMTC2011
NMTC3009 = 1
NMTC2012 NMTC3010
NMTC3011
NMTC2013
NMTC2014
NMTC2015 NMTC3012 =1
NMTC2016 NMTC3013
NMTC3014
NMTC2017
NMTC2018
NMTC2019
NMTC3015 =1
NMTC2020 NMTC3016
NMTC3017
NMTC2021
NMTC2022
NMTC3018 = 1
NMTC2023 NMTC3019
NMTC3020
cs
NMTC3021=1
NMTC3022




48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

Formats for telemetry over 1553

byte

O 00 N O b~ W N R

N N N N N NN P P R B R B R P B P
o U W N B O O O N OO L B W N B O

TM(10)

10

21

NMHK1001

NMHK1002

NMHK1003

NMHK1004

CsS

NMTC3023
NMTC3034 = 1
NMTC3025
NMTC3026
NMTC3027 = 1
NMTC3028
Cs
cs
T™(11) T™(12)
11 12
53 39
NMHK1101 NMHK1201
NMHK1102 NMHK1202
NMHK1103 NMHK1210
NMHK1220
NMHK1104
NMHK1221
NMHK1105
NMHK1106
NMHK1222
NMHK1107
NMHK1108
NMHK1223




27
28
29
30
31
32
33
34
35
36
37
38
39
40
a1
42
43
a4
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

NMHK1109 NMHK1230
NMHK1110 NMHK1231
NMHK1111
NMHK1112 NMHK1232
NMHK1113
NMHK1114 NMHK1233
Cs
NMHK1115
NMHK1116
NMHK1117
NMHK1118
()
(d)
(e)
(f)
(8)
cs
(©) (d) (e)
(1 bit) NMHK1121 (1 bit) NMHK1131 (4 bits) NMHK1161

(1 bit) NMHK1122

(1 bit) NMHK1132

(1 bit) NMHK1123

(1 bit) NMHK1133

(1 bit) NMHK1124

(1 bit) NMHK1134

(1 bit) NMHK1125

(1 bit) NMHK1135

(1 bit) NMHK1162

(1 bit) NMHK1126

(1 bit) NMHK1136

(1 bit) NMHK1163

(1 bit) NMHK1127

(1 bit) NMHK1137

(1 bit) NMHK1164

(1 bit) NMHK1128

(1 bit) NMHK1138

(1 bit) NMHK1165

Formats for telemetry over SpaceWire




byte

© 00 N O U B~ W NP

N N N N N NN P P P B B B R RB R P
o U A W N B O O 0 N OO L B W N B O

67
68
69
70
71
72
73
74
75
76

223
224
225
226

11759
11760
11761
11762

™™(22)

example "long"

22

11762

NMTM2201

NMTM2201

NMTM2203

NMTM2204

NMTM2205

NMTM2206
(44 bytes)

NMTM2207

NMTM2208

NMTM2209
(150 bytes)

NMTM2210
(11536 bytes)

CsS

© 00 N O U B W N -

N NN NN NN R 2B R 2B R B R R 2
O U1 B W N B O W O N O U B W N R O

67
68
69
70
71
72
73
74
75
76

223
224
225
226

239
240
241
242

TM(25)

example "short"

25

242

NMTM2501

NMTM2502

NMTM2502

NMTM2503

NMTM2504

NMTM2506
(44 bytes)

NMTM2507

NMTM2508

NMTM2509
(150 bytes)

NMTM2510
(16 bytes)

CS

O 0 N o b~ W N R

=
o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48






TC(31)

TC(33)

example 1

TC(33)

example 2

TC(35)

example 1

TC(35)

example 2

31

32

32

35

35

11

11

49

64

7

NMTC3101

NMTC3201 =1

NMTC3301 =7

NMTC3501 = 10

NMTC3501 = 21

NMTC3102

NMTC3202

NMTC3302

NMTC3502

(@)

CS

cs

NMTC3203

NMTC3303

CS

NMTC3304

NMTC3305

NMTC3206

NMTC3207

NMTC3208

NMTC3209

NMTC3210

NMTC3211

NMTC3212

NMTC3213

NMTC3214

NMTC3215

NMTC3505




CS

(@)

(1 bit) NMTC3503

(7 bits) NMTC3504 = 55

TM(13) T™M(23) TM(26) TM(29) TM(32)
example 1
13 23 26 29 32
54 50 50 58 12
NMHK1301 NMHK2301 NMHK2601 NMHK2901 NMHK3201
NMHK3202 = 1
NMHK3203
cs
NMHK1302 NMHK2302 NMHK2602 NMHSK2902
NMHK1310 NMHK2310 NMHK2610 NMHK2910
NMHK2311 NMHK2611 NMHK2911
NMHK1320 NMHK2312 NMHK2612 NMHK2912
NMHK2313 NMHK2613 NMHK2913
NMHK1330 NMHK2314 NMHK2614 NMHK2914
NMHK1340
NMHK2315 NMHK2615 NMHK2915

NMHK1341




NMHK2316 NMHK2616 NMHK2916

NMHK1342
NMHK2317 NMHK2617 NMHK2917

NMHK1343
NMHK2318 NMHK2618 NMHK2918

NMHK1344
NMHK2319 NMHK2619 NMHK2919

NMHK1345
NMHK2320 NMHK2620 NMHK2920

NMH1346
NMHK2321 NMHK2621 NMHK2921

NMHK1350
NMHK1360 NMHK2322 NMHK2622 NMHK2922
NMHK1361 NMHK2323 NMHK2623 NMHK2923
NMHK1362 NMHK2324 NMHK2624 NMHK2924
NMHK1363 NMHK2325 NMHK2625 NMHK2925
NMHK1364 NMHK2326 NMHK2626 NMHK2926
NMHK1365 cs cs NMHK2928
NMHK1366 NMHK2929
s NMHK2930
NMHK2931

cs
() (&)
(2 bits) NMHK1141 (4 bits) NMHK1151

(1 bit) NMHK1142

(1 bit) NMHK1143

(1 bit) NMHK1144

(1 bit) NMHK1152

(1 bit) NMHK1145

(1 bit) NMHK1153

(1 bit) NMHK1146

(1 bit) NMHK1154

(1 bit) NMHK1147

(1 bit) NMHK1155




™(27)

27

48

NMTM2701

NMTM2702

NMTM2703

NMTM2711

NMTM2712

NMTM2713

NMTM2714

NMTM2715

NMTM2716

NMTM2717

NMTM2718

NMTM2719

NMTM2720

NMTM2721

NMTM2722

NMTM2723

NMTM2724

NMTM2725

NMTM2726

NMTM2727

NMTM2728

NMTM2729

NMTM2730

(h)

NMTM2740

NMTM2750

O 0 N o b~ W N R

[ e ~ S S = S S T
o U A W N B O

55
56
57
58

87
88
89
90

6375
6376
6377
6378

T™M(28)

example N=3

28

6378

NMTM2801

NMTM2802

NMTM2810
(42 bytes)

NMTM2841
(32 bytes)

NMTM2880
(6288 bytes)

O 00 N O B~ W NP

N N B B R R R R R R
R O W 0 N oo B o W N B O

50
51
52
53
54
55

T™™M(37)
type 1

37

55

NMTM3701

NMTM3702 = 0

NMTM3703

NMTM3704

NMTM3705

NMTM3706
(32 bytes)

NMTM3706

CS




(h)

(1 bit) NNMTM2731

(1 bit) NMTM2732

(1 bit) NMTM2733

(1 bit) NMTM2734

(1 bit) NMTM2735

(1 bit) NMTM2736

(1 bit) NMTM2737

(1 bit) NMTM2738




TC(40) TC(50) TC(70) TC(70)
example 2 example 2 example 1 example 2
40 50 70 70
6 6 8 14
cs cs NMTC7001 =0 NMTC7001 = 0
NMTC7002 = 1 NMTC7002 = 10
cS NMTC7003
NMTC7004
NMTC7005
(b)
cs
(b)

(1 bit) NMTC7006

(1 bit) NMTC7007

(1 bit) NMTC7008

(1 bit) NMTC7009




TM(32) TM(34) TM(34) TM(36)
example 2 example 1 example 2
34 36 36 36
64 14 63 18
NMHK3201 NMHK3401 NMHK3401 NMHK3601
NMHK3402 NMHK3402 NMHK3602
NMHK3202 = 53
NMHK3203 NMHK3403 NMHK3403 NMHK3603
NMHK3404 NMHK3404
cs NMHK3405 NMHK3604
NMHK3605
NMHK3406
NMHK3606
NMHK3407
(&)
NMHK3408

NMHK3409




NMHK3410

NMHK3411

NMHK3412

NMHK3413

NMHK3414

NMHK3415

NMHK3416

NMHK3417

NMHK3418

NMHK3419

NMHK3420

NMHK3421

NMHK3422

CS




© 00 N O U B W N P

1021
1022
1023
1024

™™(37)
type 2

37

1024

NMTM3710

NMTM3711

NMTM3712
(1015 bytes)

a U A W N

4093
4094
4095
4096

TM(60)

example max size of
4096 bytes

60

4096

NMTM6001

(6




