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7.1.2.4 Calibration

7.1.2.4.1 Temperature Calibration

There are 21 Platinum Resistance Thermisters (PRT) in the MIRO instrument.
The tables below provide both a second order and first order polynomial fit for the
temperature as a function of raw data number for each PRT. The MIRO EGSE
uses the second order fit. It provides the higher accuracy necessary to meet the
temperature accuracy requirements. The 1* order fit is used by the Rosetta Data
system to provide calibrated temperatures. The RSDB calibration data is used by
ESA at download time to determine if an “out-of-limit” condition is met. This
does not require the same degree of accuracy as the scientific use of the data.

EGSE 2"? order polynomial fit of temperature as a function of raw data number (DN).

TIN] T[N] TIN] Max.
Coefficient Coefficient Coefficient | Residual
PRT A B c Error
SIN PRT Location Subsys [C/DNZ2] [C/DN] [C] [C]
PE40 | Spect 1 (T_BRANCHAT1) EU 2.07883E-07 | 3.30314E-02 -19.726 0.078
PE41 | Spect 2 (T_BRANCHA2) EU 2.08406E-07 | 3.29487E-02 -20.227 0.077
PE53 | Spect 3 (T_BRANCHB1) EU 2.09061E-07 | 3.31136E-02 -19.123 0.072
PE55 | Spect 4 (T_BRANCHB2) EU 2.07419e-07 | 3.29994E-02 -19.888 0.072
PE44 | Spect5 (T_ANATRAY1) EU 2.06196E-07 | 3.28688E-02 -20.823 0.076
PE62 |Spect 6 (T_ANATRAY2) EU 2.04410E-07 | 3.30287E-02 -20.060 0.065
JF72 |EU TEMP EU 2.10070E-07 | 3.28850E-02 -20.666 0.091
YK64 | COLD-LOAD1 TEMP SuU 9.04375E-07 | 7.08852E-02 -182.322 0.004
YK68 | COLD-LOAD2 TEMP SuU 9.05168E-07 | 7.13410E-02 -181.954 0.003
YG80 |WARM-LOAD1 TEMP SU 1.04532E-06 | 6.92694E-02 -181.685 0.346
YK69 | WARM-LOAD2 TEMP SuU 1.03268E-06 | 6.92212E-02 -181.714 0.299
JF54 | O/B TEMP SuU 1.08622E-06 | 6.96198E-02 -182.487 0.09
JF73 | TELESCOPE-1 TEMP SuU 1.14824E-06 | 6.92175E-02 -182.003 0.268
LS46 | TELESCOPE-2 TEMP SuU 1.07134E-06 | 6.86548E-02 -183.325 0.542
LS54 | PLL-TEMP (S/N 02) SBEU | 8.26760E-07 | 7.01107E-02 -185.042 0.006
YK62 |IFP-DET-T (smm) TEMP (SN02)| SBEU | 8.79567E-07 | 6.99528E-02 -183.799 0.003
YK60 |IFP-AMP-T (mm) TEMP (SN02) | SBEU | 8.91920E-07 | 7.13595E-02 -183.029 0.004
LS41 | SMM-LO-GUNN TEMP (SN02) SuU 8.51491E-07 | 7.02587E-02 -184.653 0.004
HZ55 | MM-LO-GUNN TEMP (SN02) SuU 1.05513E-06 | 7.02858E-02 -182.608 0.064
JF57 | MIRROR MOTOR TEMP SuU 1.08123E-06 | 6.95330E-02 -182.631 0.088
JF70 | SEN-EL TEMP SBEU 1.06962E-06 | 6.96692E-02 -182.699 0.083
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RSDB Linear fit of temperature as a function of raw data number

T[N] T[N] Max Error
Coefficient | Coefficient | Error at

PRT RSDB m b at DN=0 | Dnmax
SIN PRT Location Subsys Name [C/DN] [C] [C] [C]
PE40 |Spect 1 (T_BRANCHA1) EU | CMRY0100 |0.033883675 |-20.29413482 | 0.57 0.56
PE41 |Spect 2 (T_BRANCHA2) EU | CMRY0101 |0.033803149 (-20.79651699 | 0.57 0.57
PE53 | Spect 3 (T_BRANCHB1) EU | CMRY0102 |0.03397076 |-19.69487753 | 0.57 0.57
PE55 |Spect4 (T_BRANCHB2) EU | CMRY0103 |0.033849823 |-20.45497342 | 0.57 0.56
PE44 |Spect 5 (T_ANATRAY1) EU | CMRY0104 |0.033714199 |-21.38677463 | 0.56 0.56
PE62 |Spect 6 (T_ANATRAY2) EU | CMRY0105 |0.033866794 |(-20.61866605| 0.56 0.55
JF72 |EU TEMP EU | CMRY0106 |0.033746334 |-21.23971713 | 0.57 0.57
YK64 | COLD-LOAD1 TEMP SU | CMRY0123 |0.074412308 |-184.5559698 | 2.23 2.07
YK68 |COLD-LOAD2 TEMP SU | CMRY0124 |{0.07487112  |-184.189303 2.24 2.06
YG80 | WARM-LOAD1 TEMP SU | CMRY0125 |0.07334614 |-184.2668159 | 2.58 2.38
YK69 | WARM-LOAD2 TEMP SU | CMRY0136 |0.073248693 |-184.2651337 | 2.55 2.36
JF54 | O/B TEMP SU | CMRY0126 |0.0740733 -185.4560633 | 2.97 2.95
JF73 | TELESCOPE-1 TEMP SU | CMRY0127 |0.0739253 -185.1412464 | 3.14 3.12
LS46 | TELESCOPE-2 TEMP SU | CMRY0128 |0.073047302 |-186.2529661 | 2.93 2.91
LS54 |PLL-TEMP (S/N 02) SU | CMRY0129 |0.073500419 |-187.3020201 | 2.26 2.24
YK62 | IFP-DET-TEMP (smm) (SN02) SU | CMRY0130 |0.073558985 |-186.2027378 | 2.40 2.39
YK60 | IFP-AMP-TEMP (mm) (SN02) SU | CMRY0131 |0.075016325 |-185.4664865 | 2.44 242
LS41 |SMM-LO-GUNN TEMP (SN02) | SU | CMRY0132 |0.073749861 |-186.9800848 | 2.33 2.31
HZ55 | MM-LO-GUNN TEMP (SN02) SU | CMRY0133 |0.07461183 |-185.4925038 | 2.88 2.86
JF57 | MIRROR MOTOR TEMP SU | CMRY0134 |0.073966056 |-185.5862737 | 2.96 2.93
JF70 | SEN-EL TEMP SU | CMRY0135 |0.074054605 |-185.623042 2.92 2.90
7.1.2.4.2 Voltage Calibration

There are 18 Voltages read out in the housekeeping data. The calibration for all of
these is linear as given in the table below.

DATA OPERATIONS HANDBOOK (TELEMETRY)

b m*Raw Data Number
Description RSDB Name V] [VIDN]
+5 EU Voltage CMRY0107 0 1.5647700E-03
+12 EU Voltage CMRY0108 0 3.5557460E-03
-12 EU Voltage CMRY0109 0 -5.7070700E-03
+3.3 EU Voltage CMRY0110 0 9.4854200E-04
+24 EU Voltage CMRY0111 0 1.2184308E-02
+5 Ana EU Voltage CMRY0112 0 1.5863220E-03
USO TLM Heating Voltage CMRY0119 0 1.2210012E-03
USO TLM RF Voltage CMRY0120 0 1.2210012E-03
CTS-Ana-1 Voltage CMRY0121 0 1.5258790E-03
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b m*Raw Data Number
Description RSDB Name [\ [VIDN]
CTS-Ana-2 Voltage CMRY0122 0 1.5258790E-03
+5V SBEU Voltage CMRY0137 0 1.5561130E-03
+12-1 SBEU Voltage CMRY0138 0 3.5520800E-03
+12-2 SBEU Voltage CMRY0139 0 3.5574990E-03
-12 SBEU Voltage CMRY0140 0 -5.8037160E-03
SMM-PLL-ERR Voltage CMRY0147 0 9.3155000E-04
FS1-ERR Voltage CMRY0148 0 1.2207030E-03
FS2-ERR Voltage CMRY0149 0 1.2207030E-03
FS3-ERR Voltage CMRY0150 0 1.2207030E-03

The USO Telemetry Heating Voltage and RF Voltage are not calibrated for
temperature and power.

7.1.2.4.3 Current Calibration

There are 12 Currents read out in the housekeeping data. The calibration for all of
these is linear as given in the table below.

b m*Raw Data Number

Description Units RSDB Name | [A or mA] [A or mA/DN]
+5V EU Current A CMRY0113 0 7.6320000E-04
+12V EU Current A CMRY0114 0 2.2749800E-04
-12V EU Current A CMRY0115 0 2.6894900E-05
+24V EU Current A CMRY0116 0 2.1656800E-04
+3.3V EU Current A CMRY0117 0 1.1616000E-03
+5V Ana EU Current A CMRY0118 0 1.3607000E-04
+5V SBEU Current A CMRY0141 0 3.3313900E-04
+12V-1 SBEU Current A CMRY0142 0 2.7165900E-04
+12V-2 SBEU Current A CMRY0143 0 2.1425100E-04
-12V SBEU Current A CMRY0144 0 4.6708500E-05
MM Gunn Current mA CMRY0145 0 1.5258789E-01
SMM-PLL Gunn Current mA CMRY0151 0 6.2948800E-02
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7.1.2.4.4 Other Calibration

7.1.2.5 Limits

The limits are based on values obtained during thermal vacuum testing at JPL.
The general approach was to set the soft limit at least 10% beyond the expected
difference between the maximum and minimum expected value and the hard limit
at least 20% beyond the expected values.

Telemetry Name ﬁSDB Units Condition Hard Low| Soft Low | Soft High H?rd
ame High
Spect_T1 LMR10023 C |CTS/Smm Cntm or -40.0 -35.0 80.0 85.0
CTS/Dual Cntm
Spect_T2 LMR20023 C |CTS/Smm Cntm or -40.0 -35.0 80.0 85.0
CTS/Dual Cntm
Spect_T3 LMR30023 C |CTS/Smm Cntm or -40.0 -35.0 80.0 85.0
CTS/Dual Cntm
Spect_T4 LMR40023 C |CTS/Smm Cntm or -40.0 -35.0 80.0 85.0
CTS/Dual Cntm
Spect_T5 removed C |Fails intermitantly at
high temperatures
Spect_T6 LMR60023 C |CTS/Smm Cntm or -40.0 -35.0 80.0 85.0
CTS/Dual Cntm
EU_Temp LMR00021 C |TRUE for all modes -30 -20 50 60
ECal_Temp LMR00022 | Raw |TRUE for all modes 2585 2595 2630 2640
+5V_EU LMR00024 V' |TRUE for all modes 4.5 4.7 5.3 5.5
+12V_EU LMR00025 V' |TRUE for all modes 11.0 11.5 13.4 13.5
-12V_EU LMR00026 V' |TRUE for all modes -13.5 -13.2 -11.5 -11.0
+3.3V_EU LMR00027 V' |TRUE for all modes 2.9 3.1 3.6 3.7
+24V_EU LMR00029 V' |TRUE for all modes 22.0 22.5 26.5 27.0
+5V_Ana_EU LMR00028 V' |TRUE for all modes 4.5 4.7 5.3 5.5
+5V_Curr_EU LMR00030 A |TRUE for all modes 0 0.1 3 3.3
+12V_Curr_EU LMR00031 A |TRUE for all modes 0 0.01 0.8 0.9
—12V_Curr_EU LMR00032 A |TRUE for all modes 0 0.01 0.11 0.113
+24V_Curr_EU LMR00035 A |TRUE for all modes 0 0.01 0.8 0.83
+3.3V_Curr_EU LMR00033 A |TRUE for all modes 0 0.01 2.0 3.0
+5V_Ana_Curr_EU LMR00034 A |TRUE for all modes 0 0.01 0.8 1.0
TLM_Heating LMR00036 V' |TRUE for all modes 0.007 1.5 0.003 2.2
TLM_RF LMR00037 V' |TRUE for all modes 0.006 0.1 0.003 0.15
CTS_V_Ana_1 LMR10038 V' |CTS/Smm Cntm or 24 243 2.6 2.65
CTS/Dual Cntm
CTS_V_Ana_2 LMR20038 V' |CTS/Smm Cntm or 24 243 2.6 2.65
CTS/Dual Cntm
Cold_Load1_Temp LMR10039 C |TRUE for all modes -183.0 | —-180.0 105.0 107.0
Cold_Load2_Temp LMR20039 C |TRUE for all modes -183.0 | —-180.0 105.0 107.0
Warm_Load1_Temp LMR10040 C |TRUE for all modes -30.0 -20.0 75.0 85.0
Warm_Load2_Temp LMR20040 C |TRUE for all modes -30.0 -20.0 75.0 85.0
OB_Temp LMR00041 C |TRUE for all modes -30.0 -20.0 35.0 40.0
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Telemetry Name ﬁSDB Units Condition Hard Low| Soft Low | Soft High H?rd
ame High
PAY412-MIRO Temp 2 |LMR00074 C [MIRO off -30.0 -25.0 55.0 60.0
A Limits (Rosetta TRP)
PAY412-MIRO Temp 2 |LMR00074 C |TRUE for all modes -20.0 -15.0 40.0 45.0
A Limits (Rosetta TRP)
PAY413-MIRO Temp 2 |LMR00075 C [MIRO Off -30.0 -25.0 55.0 60.0
B Limits (Rosetta TRP)
PAY413-MIRO Temp 2 |LMR00075 C |TRUE for all modes -20.0 -15.0 40.0 45.0
B Limits (Rosetta TRP)
PAY414-MIRO Temp 1 |LMR00076 C [MIRO off -30.0 -25.0 55.0 60.0
A Limits (Rosetta TRP)
PAY414-MIRO Temp 1 |LMR00076 C |TRUE for all modes -20.0 -15.0 55.0 65.0
A Limits (Rosetta TRP)
Telescope1_Temp LMR00071 C |TRUE for all modes -183.0 | -180.0 105.0 107.0
Telescope2_Temp LMR00072 C |TRUE for all modes -183.0 | -180.0 105.0 107.0
PLL_Temp LMR00042 C |TRUE for all modes -30.0 -20.0 70.0 75.0
IFP_DET_Temp LMR00043 C |TRUE for all modes -30.0 -20.0 65.0 70.0
IFP_AMP_Temp LMR00044 C |TRUE for all modes -30.0 -20.0 65.0 70.0
SMM_LO_GUNN LMR00045 C |TRUE for all modes -30.0 -20.0 45.0 50.0
MM_LO_GUNN LMR00046 C |TRUE for all modes -30.0 -20.0 45.0 50.0
Motor_Temp LMR00047 C |TRUE for all modes -30.0 -20.0 100.0 150.0
Sen_El Temp LMR00048 C |TRUE for all modes -30.0 -20.0 65.0 70.0
Cal_Temp_Low LMR00049 | Raw |TRUE for all modes 430 440 500 560
Cal_Temp_High LMR00050 | Raw |TRUE for all modes 3650 3700 3850 3900
+5V_SBEU LMR00051 V' |TRUE for all modes 4.5 4.7 5.3 5.5
+12V_1_SBEU LMR00052 V' |TRUE for all modes 11.0 11.5 12.6 13.0
+12V_2_SBEU LMR00054 V' |TRUE for all modes 11.0 11.5 12.5 13.0
-12V_SBEU LMR00053 V' |TRUE for all modes -13.0 -12.9 -10.8 -10.3
+5V_Curr_SBEU LMR00055 A |TRUE for all modes 0.001 0.01 1.5 1.6
+12V_Curr_1_SBEU  |LMR00056 A |TRUE for all modes 0.001 0.01 0.55 0.6
+12V_Curr_2_SBEU  |LMR00058 A |TRUE for all modes 0.001 0.01 0.83 0.89
—12V_Curr_SBEU LMR00057 A |TRUE for all modes 0.001 0.01 0.2 0.25
MM_GUNN_Curr LMR00063 | mA [Mm Cntm, Dual Cntm, 140.0 145.0 160.0 170.0
CTS/Dual Cntm
SMM_PLL_ERR LMR00059 V' [CTS/Smm Cntm or 1.0 2.0 2.75 3.3
CTS/Dual Cntm
FS1_ERR LMR00060 V' |CTS/Smm Cntm or 1.0 14 3.0 3.5
CTS/Dual Cntm
FS2_ERR LMR00061 V' |CTS/Smm Cntm or 1.0 14 3.0 3.5
CTS/Dual Cntm
FS3_ERR LMR00062 V' |CTS/Smm Cntm or 1.0 14 3.0 3.5
CTS/Dual Cntm
SMM_PLL_GUNN_Curr |LMR00063 | mA [CTS/Smm Cntm or 110.0 115.0 150.0 160.0

CTS/Dual Cntm
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7.1.2.6

RSDB Entries
Telemetry Packet: YMRO00001 — MIRO Housekeeping
Parameters: NMRAxxx — identified in table above

The telemetry parameters that have subparameters are listed here.

NMRAO0002 — Operational Mode
NMRDO0201  Power Mode
NMRDO0202  CTS Integration Period
NMRDO0203  Continuum Sum Value
NMRDO0204  CTS Smoothing Value
NMRDO0205  Reserved (not used)
NMRDO0206  Reserved (not used)
NMRDO0207  Reserved

NMRAH141 — MR71/4 PckSeqCount
NMRDHI141 Segmentation Flag
NMRDH142 MR 71/4 SourceSeqCount

NMRAH143 —- MR71/4 DataFieldHdr time
NMRDH143  MIRO 71/4 Coarse time
NMRDH144  MIRO 71/4Fine time

NMRAH144 - MR71/4 DataFieldHdr PUS
NMRDH145  PUS version number
NMRDH146  Checksum flag

NMRDH147  Data field header spare
NMRDH148  MIRO 71/4 Packet Type
NMRDH149  MIRO 71/4 Packet Subtype
NMRDH140 Data field header pad
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7.1.3

7.1.3.1

SPECTROSCOPIC (CTS) SCIENCE TELEMETRY

Description

The submillimeter-wave spectroscopic frequencies allow simultaneous
observations of 8 spectral lines; H,O (556.936 GHz), H,''O (552.021 GHz),
H,'®0 (547.676 GHz), CO (576.268 GHz), NH; (572.498 GHz), and CH;OH
(553.146, 568.566, 579.151 GHz). These lines are returned in 7 down converted
bands (defined by filters, see Section 9.3.4), that are spectrally analyzed by the
Chirp Transform Spectrometer (CTS).

Band 1 (1270 MHz): H,O

Band 2 (1300 MHz): H,''O

Band 3 (1320 MHz): CH;0H (579.151 GHz)

Band 4 (1340 MHz): H,"*0

Band 5 (1363 MHz): CO

Band 6 (1389 MHz): CH;OH (568.566 GHz)

Band 7 (1407, 1425 MHz): NH;, CH;OH (553.146 GHz)

Spectroscopic data is generated in three of the MIRO operating modes:

1. CTS/Submillimeter-wave Continuum mode.
2. CTS/Dual continuum mode.
3. Asteroid mode.

Two types of data are returned.

1. Calibration data
2. Differenced frequency switched data.

Each digitized spectrum contains 4096, ~44 KHz wide channels (unless CTS
smoothing is invoked). Note that the precise channel width is temperature
dependent, as discussed in Section 9.4.

In addition to the spectroscopic data, additional related information is packaged in
the spectroscopic science file. The first CTS science packet contains the
operational mode, the science data type (in this case CTS data), the calibration
mirror location, the CTS multiplier value, the calibration indicator, and the LO
frequency setting. Last CTS science packet contains PLL alarm data for the CTS
scan. One byte of PLL alarm data will be present for each 5-second CTS scan that
is contained in the CTS data set.
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7.1.3.2 Packet Definition
Spectroscopic (CTS) Science Telemetry Definition
Data Element RSDB Name Si_ze V_alue Comment
(bits) (binary)

Version Number 3 000 | EID-A Mandatory

Type 1 0 | EID-A Mandatory

Data Field Header Flag 1 1| EID-A Mandatory

Application Process ID 7 1000111 | EID-A Specified, 71

Packet Category 4 1100 | EID-A Specified, Private (science) = 12

Segmentation Flags NMRDH1C1 2 11| EID-A Mandatory

Source Sequence Count NMRDH1C2 14 1 up counter | Zero initially, A separate counter is used for each
APID/Packet Category combination (i.e., science,
housekeeping, memory dump, etc.)

Packet Length NMRAH1C2 16 110110111 or | This gets set to the size of the source data field (in

100110110 | bytes) + 9. This is 439 bytes except for the last

packet of each spectrum, when it is 310 bytes.

Time NMRAH1C3 43 Varies | Defines the time that the acquisition of the data
within the packet was initiated. 4 bytes of seconds
followed by 2 bytes of fractional seconds.

PUS Version NMRDH1C5 3 000 | EID-A Specified, Science data

Checksum Flag NMRDH1C6 1 0 | EID-A Mandatory

Spare NMRDH1C7 4 0000 | EID-A Mandatory

Packet Type NMRDH1C8 8 00010100 | EID-A Specified, Science Data Transfer = 20

Packet Subtype NMRDH1C9 8 00000011 | EID-A Specified, RTU Interface = 3

Pad NMRDH1CO 8 00000000 | EID-A Specified

Source Data 3440 430 bytes | Detailed definition on following page
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CTS Science Source Data Definition

Size Value
Data Element (Bits) (Binary) Comment
Operational mode 16 MIRO operational mode
Science data type 8 00000001 | CTS data =1
Mirror location 8 1=sky, 2=hot, 3=cold
CTS multiplier value 16 N | All CTS data values should be multiplied by 2N, when a user defined CTS
mask is in effect this will be zero.
Data set number 16 1 up counter | Specifies CTS data set number
Packet number 8 Specifies packet number within CTS data set
Calibration indicator 4 0=Calibration, 1=nominal CTS data
LO frequency setting 4 0=LO frequency 0, 1= LO frequency 1 Note: This setting only applies to
calibration data as indicated by the calibration indicator.
CTS data 3360 Usually 420 | Processed CTS data. Multiple data packets depending on value of CTS
bytes, but 270 | Smoothing Value. Note: Last CTS packet contains PLL alarm data for the
in the last | CTS scan. One byte of PLL alarm data will be present for each 5-second
packet of each | CTS scan that is contained in the CTS data set. The 4 most significant bits
spectrum | of each PLL alarm byte represent the PLL alarm states at 0.05 seconds
elapsed time into the scan. The 4 least significant bits indicate whether the
corresponding PLL alarm bit ever changed. See details below.

Note: When the asteroid mode bit in the “operational mode” data element is set the following CTS science data packet
decoding rules apply: The “calibration indicator” will always be zero even though some of the asteroid data is
calibration data and some is not. All asteroid data sets are the same and consist of 4096 32-bit samples packed into
39 TM packets of 420 bytes each, and 1 packet of 4 bytes plus 1 byte of PLL data. The “LO frequency setting” will
indicate which LO frequency the data was captured at.

7.1.3.3 Expected Values

Typical spectra are shown below.
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CTS calibration Data: Shown above is a typical CTS calibration data. The vertical
scale is in counts (about 4 x 107); the top horizontal scale in frequency (MHz), the
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bottom horizontal scale is in channel numbers. The CTS calibration data shows
the structure of the IF band pass. The 7 bands are indicated by the dotted lines.
Six of these scans are obtained for each calibration—(1) observing the hot load at
+5 MHz, (2) observing the hot load at —5 MHz, (3) observing the cold load at +5
MHz, (4) observing the cold load at —5 MHz, (5) observing the source position at
+5 MHz, and (6) observing the source position at —5 MHz. Since the count level
is dominated by the receiver noise, these 6 scans look very similar. The spike at
1364.7 MHz is internal to the instrument. Though unintentional, it serves as a
good indicator that the CTS pulse position is set correctly.
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CTS differenced data is shown above. If there were no drift between the 5 second
LO switches the data would be at 0 counts. In this figure it is slightly above 0
consistent with a linear increasing drift. The structure seen in the calibration data
has been cancelled out. The seven bands are indicated by the dotted lines. The
peak-to-peak signal is consistent with 30-second integration time, 44-kHz
bandwidth, and receiver noise temperature of about 5000 K.

PLL ALARM BITS (ADDITIONAL DETAIL)

The PLL alarm bits are comprised of 6 individual bits that are tracked during the
CTS scans. The 6 bits are shown in the table below:

Frequency Frequency Frequency SMMLow |SMMHigh |LO Frequency
Synthesizer 3 | Synthesizer 2 | Synthesizer 1

The 3 MSB are the 3 frequency synthesizer alarms. The 3 LSB are the 3 PLL
alarms. For the frequency synthesizer alarm bits 1 = locked and 0 = alarm
condition. For the PLL alarm bits 0 = locked and 1 = alarm condition. Since the
number of bits was increased from 4 in the EQM to 6 in the flight a scheme was
developed to consolidate the 6 bits down to 4 to generate the same amount of
returned telemetry. The 3 frequency synthesizer bits are ANDed together upon
their initial sampling on continuum sample number 1. If all 3 bits are 1, indicating
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7.1.3.4

lock, then the initial value of the consolidated frequency synthesizer bit will be 1.
If any of the 3 frequency synthesizer bits are 0 then the consolidated frequency
synthesizer bit will be 0. The 3 PLL alarm bits have an initial state that
corresponds directly to the 0 or 1 returned from the hardware. The table below
shows the 4 bits that comprise the initial alarm bit state as returned in the 4 MSB
of the alarm data for each CTS scan:

Consolidated Frequency | SMM Low SMM High LO Frequency
Synthesizer Bit

These 4 bits show the initial state of the alarms as sampled during the first
continuum sample approximately 50 milliseconds into the CTS scan. There are 99
remaining continuum samples during the 5 second CTS scan. The 4 LSB of the
alarm data are used to indicate if the alarm bits ever change from their initial state
at any time during the remaining 99 samples. For the 3 PLL bits it is very
straightforward. If the initial state ever changes, the “change bit” in the 4 LSB
will show a 1. If the PLL alarm never changes then the “change bit” will show a
0. The final returned 8 bits are shown below:

Consolidated |SMM | SMM | LO Frequency | Consolidated |SMM  |SMM | LO Frequency
Frequency Low |High Frequency Low High | Change Bit
Synthesizer Bit Synthesizer | Change | Change
Change Bit  |Bit Bit

The consolidated frequency synthesizer change bit works as follows. If any of the
3 initial frequency synthesizer bits changes from its initial value during the CTS
scan, the change bit will be set to 1. If none of the 3 bits change during the scan
then the change bit will be set to 0. The 3 frequency synthesizer bits were
consolidated because it was determined that they were likely to be the most stable
of the 6 alarm bits. If the 3 frequency synthesizers are working perfectly and
never lose lock during a CTS scan then the returned bit pair should be 1-0. Since
they are consolidated it will not be possible to determine exactly which one is
losing lock should one or more of them lose lock. Since each of the 3 PLL alarm
bits is separately tracked it will be possible to determine which of them is losing
lock during each scan.

Calibration

The absolute calibration of the instrument is obtained by observing two blackbody
loads at two different temperatures. The cold load is exposed to space, while the
hot target is located inside the spacecraft and can be heated. Calibration occurs
automatically about every 30 minutes.

For spectroscopic observations, the submillimeter-wave receiver is operated in a
“frequency switched” mode to eliminate residual baseline ripple. For half the
integration time, the signal frequency is shifted 5 MHz above the nominal
frequency, while the other half of the time it is shifted to 5 MHz below. The
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7.1.3.5

7.1.4

7.1.4.1

frequency switching occurs every 5 seconds. The —-5SMHz data is subtracted from
the +5 MHz data by the on-board computer.

The calibration data is not differenced. It consists of 6 scans each with 30 seconds
integration time.

1. Hot load with LO switched to +5SMHz

2. Hot Load with the LO switched to -SMHz
3. Cold load with the LO switched to +5Mhz
4. Cold Load with the LO switched to -SMHz
5. Source with the LO switched to +5 MHz

6. Source with the LO switched to -5 MHz
RSDB Entries

The Spectroscopic data file YMRO0OO11. Some of the header values are called
specifically with NMR ... designations. These are indicated in the above tables.

SUBMILLIMETER CONTINUUM SCIENCE TELEMETRY

Description

The submillimeter-wave receiver provides continuum data as well as
spectroscopic data. The submillimeter-wave continuum band is 1 GHz wide
centered at 569.813 GHz (USB) and 555.813 GHz (LSB), since the receiver is
double sideband.

Submillimeter-wave continuum data is taken in 5 MIRO operating modes.

Submillimeter continuum mode.
Dual continuum mode.
CTS/Submillimeter continuum mode.

b=

CTS/Dual continuum mode.
5. Asteroid mode.

A continuous digitized stream of data is returned. The integration time per data
point defaults to 50. It is controlled by the continuum summing parameter in the
Change Mode telecommand. The data output will be summed over 50 ms

(1 continuum value summed), 100 ms (2 continuum values summed), 250 ms

(5 continuum values summed), 500 ms (10 continuum values summed) or 1000
ms (20 continuum values summed). A fixed value may be subtracted from these
measurements depending on whether or not the Continuum Subtraction Value
telecommand has been executed. The subtraction value is contained in the
miscellaneous science file. When the summing value is set to either 1 or 2,
additional timestamps are placed in the continuum packet.

In addition to the spectroscopic data, additional related information is packaged in
the spectroscopic science file. The first CTS science packet contains the
operational mode, the science data type (in this case submillimeter-wave

7-42
DATA OPERATIONS HANDBOOK (TELEMETRY)



Reference: RO-MIR-PR-0030
Issue: 4 Rev: 6
Date: 29 Mar 2011

ROSETTA

MIiRO

continuum data), the calibration mirror location, MM subtraction value, SMM
subtraction value, the calibration indicator, and the LO frequency setting. In
addition time tags are applied approximately every 5 seconds. If in a
spectroscopic mode is on, then the level is changed by LO frequency switching.

7.1.4.2 Packet Telemetry Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 000 | EID-A Mandatory

Type 1 0 | EID-A Mandatory

Data Field Header Flag 1 1| EID-A Mandatory

Application Process ID 7 1000111 | EID-A Specified, 71

Packet Category 4 1100 | EID-A Specified, Private (science) = 12

Segmentation Flags NMRDH1C1 2 11 | EID-A Mandatory

Source Sequence NMRDH1C2 14 1 up counter | Zero initially, A separate counter is used for

Count each APID/Packet Category combination
(i.e., science, housekeeping, memory dump,
etc.)

Packet Length NMRAH1C2 16 Varies | This gets set to the size of the source data
field (in bytes) + 9. This is nominally 439
bytes, but can be as small as 49 depending
on the number of samples contained in the
packet.

Time NMRAH1C3 48 Varies | Defines the time that the acquisition of the
data within the packet was initiated. 4 bytes
of seconds followed by 2 bytes of fractional
seconds.

PUS Version NMRDH1C5 3 000 | EID-A Specified, Science data

Checksum Flag NMRDH1C6 1 0 | EID-A Mandatory

Spare NMRDH1C7 4 0000 | EID-A Mandatory

Packet Type NMRDH1C8 8 00010100 | EID-A Specified, Science Data Transfer = 20

Packet Subtype NMRDH1C9 8 00000011 | EID-A Specified, RTU Interface = 3

Pad NMRDH1CO 8 00000000 | EID-A Specified

Source Data Varies 40-430 bytes | Detailed definition on following page

7-43

DATA OPERATIONS HANDBOOK (TELEMETRY)



MIiRO

Reference: RO-MIR-PR-0030

ROS ETTA Issue: 4 Rev: 6

Date: 29 Mar 2011

Continuum (Sub-Millimeter) Source Data Definition

Data Element Size (bits) | Value (binary) Comment

Operational mode 16 MIRO Operational mode

Science data type 8 00000010 | Sub-Millimeter data = 2

Mirror location 8 1=sky, 2=hot, 3=cold

Calibration indicator 16 0=Calibration, 1=nominal CTS data

MM subtraction value 16 Current value as uplinked via TC

SMM subtraction value 16 Current value as uplinked via TC

Reserved 16 0000000000000000

Timestamp 2 48 Time of 101t continuum sample if continuum summing
value is 1. Time of 51st continuum sample if continuum
summing value is 2. Zero otherwise.

Timestamp 3 48 Time of 101t continuum sample if continuum summing
value is 2. Zero otherwise.

Timestamp 4 48 Time of 151t continuum sample if continuum summing
value is 2. Zero otherwise

Continuum Data Varies 10-400 bytes | Field is nominally 400 bytes, but can be as short as 10

bytes if flushed for a mode change. Alternating sets of
continuum data at LO1 and LO2 if CTS running. Size of
each set depends on continuum summing value.

7.1.4.3

Expected Value

Typical submillimeter continuum data are shown below. The first scan shown
below is typical of a non-spectroscopic mode—either submillimeter-continuum
mode or dual continuum mode. The vertical axis in the plot above is counts. The
horizontal scale is time, in this case in minutes. In addition to the source date
(about 7880 counts), the effect of a calibration sequence is seen as well. The
higher level (about 7900 counts) results from observing the hot load for 30
seconds, while the lower level (about 7780 counts) results from observing the
cold load for 30 seconds.

The second scan below shows typical submillimeter continuum data in a
spectroscopic mode—either CTS/submillimeter continuum mode or CTS/dual
continuum mode. The effect of the +/-5MHz frequency switching every 5
seconds is clearly seen by a slight change in level. To process this data, it is
necessary to bin it into the appropriate frequency switch before applying the
calibration.
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7.1.4.4

7.1.4.5

Calibration

The absolute calibration of the instrument is obtained by observing two blackbody
loads at two different temperatures. The cold load is exposed to space, while the
hot target is located inside the spacecraft and can be heated. Calibration occurs
automatically about every 30 minutes.

RSDB Entries

The Spectroscopic data file YMRO00011. Some of the header values are called
specifically with NMR ... designations. These are indicated in the above tables.
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7.1.5

7.1.5.1

Description

MILLIMETER CONTINUUM SCIENCE TELEMETRY

The millimeter-wave receiver provides continuum data. The millimeter-wave
continuum band is 500 MHz wide centered at about 188.75 GHz (LSB) and
191.25 GHz (USB), since the receiver is double sideband. Note that the LO is not
locked so that these are as uncertain as the LO frequency.

Millimeter-wave continuum data is taken in 4 MIRO operating modes.

1. Millimeter continuum mode.

2. Dual continuum mode.

3. CTS/Dual continuum mode.

4. Asteroid mode.

A continuous digitized stream of data is returned. The integration time per data
point defaults to 50. It is controlled by the continuum summing parameter in the
Change Mode telecommand. The data output will be summed over 50 ms

(1 continuum value summed), 100 ms (2 continuum values summed), 250 ms

(5 continuum values summed), 500 ms (10 continuum values summed) or 1000
ms (20 continuum values summed). A fixed value may be subtracted from these
measurements depending on whether or not the Continuum Subtraction Value
telecommand has been executed. The subtraction value is contained in the
Miscellaneous Science file. When the summing value is set to either 1 or 2,
additional timestamps are placed in the continuum packet.

7.1.5.2

Packet Telemetry Definition

Data Element

RSDB Name

Size (bits)

Value (binary)

Comment

Version Number

3

000

EID-A Mandatory

Type

0

EID-A Mandatory

Data Field Header Flag

—_

EID-A Mandatory

Application Process ID

1000111

EID-A Specified, 71

Packet Category

1100

EID-A Specified, Private (science) = 12

Segmentation Flags

NMRDH1C1

1
1
7
4
2

11

EID-A Mandatory

Source Sequence
Count

NMRDH1C2

14

1 up counter

Zero initially, A separate counter is used for
each APID/Packet Category combination
(i.e., science, housekeeping, memory dump,
etc.)

Packet Length

NMRAH1C2

16

Varies

This gets set to the size of the source data
field (in bytes) + 9. This is nominally 439
bytes, but can be as small as 49 depending
on the number of samples contained in the
packet.
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Data Element RSDB Name | Size (bits) | Value (binary) Comment

Time NMRAH1C3 48 Varies | Defines the time that the acquisition of the
data within the packet was initiated. 4 bytes
of seconds followed by 2 bytes of fractional
seconds.

PUS Version NMRDH1C5 3 000 | EID-A Specified, Science data

Checksum Flag NMRDH1C6 1 0 | EID-A Mandatory

Spare NMRDH1C7 4 0000 | EID-A Mandatory

Packet Type NMRDH1C8 8 00010100 | EID-A Specified, Science Data Transfer = 20

Packet Subtype NMRDH1C9 8 00000011 | EID-A Specified, RTU Interface = 3

Pad NMRDH1C0 8 00000000 | EID-A Specified

Source Data Varies 40-430 bytes | Detailed definition on following page

Continuum (Millimeter) Source Data Definition

Data Element Size (bits) | Value (binary) Comment
Operational mode 16 MIRO Operational mode
Science data type 8 00000011 | Millimeter data = 3
Mirror location 8 1=sky, 2=hot, 3=cold
Calibration indicator 16 0=Calibration, 1=nominal CTS data
MM subtraction value 16 Current value as uplinked via TC
SMM subtraction value 16 Current value as uplinked via TC
Reserved 16 0000000000000000
Timestamp 2 48 Time of 101t continuum sample if continuum summing
value is 1. Time of 51st continuum sample if continuum
summing value is 2. Zero otherwise.
Timestamp 3 48 Time of 101st continuum sample if continuum summing
value is 2. Zero otherwise.
Timestamp 4 48 Time of 151t continuum sample if continuum summing
value is 2. Zero otherwise
Continuum Data Varies 10-400 bytes | Field is nominally 400 bytes, but can be as short as 10
bytes if flushed for a mode change. Alternating sets of
continuum data at LO1 and LO2 if CTS running. Size of
each set depends on continuum summing value.
7.1.5.3 Expected Values

Typical millimeter-wave continuum data is shown below. The vertical axis in the
plot above is counts. The horizontal scale is time, in this case in minutes. In
addition to the source date (about 7335 counts), the effect of a calibration
sequence is seen as well. The higher level (about 7400 counts) results from
observing the hot load for 30 seconds, while the lower level (about 7000 counts)
results from observing the cold load for 30 seconds.
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7.1.5.4

7.1.5.5

7.1.6

7.1.6.1
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Calibration

The absolute calibration of the instrument is obtained by observing two blackbody
loads at two different temperatures. The cold load is exposed to space, while the
hot target is located inside the spacecraft and can be heated. Calibration occurs
automatically about every 30 minutes.

RSDB Entries
The Spectroscopic data file YMRO00O11. Some of the header values are called
specifically with NMR ... designations. These are indicated in the above tables.

MISCELLANEOUS SCIENCE TELEMETRY

Description

The miscellaneous science telemetry contains parameters critical to analyzing the
data that are not captured in the other science files.

A Miscellaneous Science file is generated under the following circumstances:

1. Whenever a mode change takes place. This happens not only on a Mode
Change command, but also automatically with the following telecommands:
CTS Internal Cal, IFP Power Control and Asteroid Mode.

2. During autonomously executed calibration sequences that take place roughly
every 30 minutes following a Mode Change telecommand.

3. When the CTS Data Mask telecommand is executed.
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4. When a CTS internal table calibration takes place. (Per this and item 1, the
CTS Internal Cal telecommand generates two MS packets, while the Asteroid
mode command, which has two mode changes and a cal, generates three.)

7.1.6.2 Packet Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 000 | EID-A Mandatory

Type 1 0 | EID-A Mandatory

Data Field Header Flag 1 1| EID-A Mandatory

Application Process ID 7 1000111 | EID-A Specified, 71

Packet Category 4 1100 | EID-A Specified, Private (science) = 12

Segmentation Flags NMRDH1C1 2 11 | EID-A Mandatory

Source Sequence NMRDH1C2 14 1 up counter | Zero initially, A separate counter is used for

Count each APID/Packet Category combination
(i.e., science, housekeeping, memory dump,
etc.)

Packet Length NMRAH1C2 16 110110111 | This gets set to the size of the source data
field (in bytes) + 9. This is 439 bytes.

Time NMRAH1C3 48 Varies | Defines the time that the acquisition of the
data within the packet was initiated. 4 bytes
of seconds followed by 2 bytes of fractional
seconds.

PUS Version NMRDH1C5 3 000 | EID-A Specified, Science data

Checksum Flag NMRDH1C6 1 0 | EID-A Mandatory

Spare NMRDH1C7 4 0000 | EID-A Mandatory

Packet Type NMRDH1C8 8 00010100 | EID-A Specified, Science Data Transfer = 20

Packet Subtype NMRDH1C9 8 00000011 | EID-A Specified, RTU Interface = 3

Pad NMRDH1C0 8 00000000 | EID-A Specified

Source Data 3440 430 bytes | Detailed definition on following page
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Miscellaneous Science Source Data Definition

Data Element (ilif:) (t\)lif]lau;) Comment

Operational mode 16 MIRO operational mode

Science data type 8 00000100 | Miscellaneous science data = 4

Mirror location 8 1=sky, 2=hot, 3=cold

Reserved 48 Header reserved area

Asteroid Mode Programmed 16 0 or 1| 0=Asteroid mode not currently programmed, 1=Asteroid
mode programmed

Asteroid Mode Start Time 32 Varies Spacecraft time for asteroid mode execution to start

Millimeter Subtraction Value 16 Varies Unsigned integer subtracted from each sub-millimeter
sample. As specified in the TC parameter.

Sub-Millimeter Subtraction Value 16 Varies Unsigned integer subtracted from each millimeter
sample. As specified in the TC parameter.

CTS Run Time 40 Varies ASCII representation of floating point: i.e., 4.878

Continuum / CTS Unloading Gap 40 Varies ASCII representation of floating point value: i.e., 0.056

CTS Table 1 Midpoint #1 48 Varies ASCII representation of floating point value: i.e., 125.07

CTS Table 1 Midpoint #2 48 Varies ASCII representation of floating point value: i.e., 125.08

CTS Table 2 Midpoint #1 48 Varies ASCII representation of floating point value: i.e., 125.09

CTS Table 2 Midpoint #2 48 Varies ASCII representation of floating point value: i.e., 125.10

CTS Table 3 Midpoint #1 48 Varies ASCII representation of floating point value: i.e., 125.11

CTS Table 3 Midpoint #2 48 Varies ASCII representation of floating point value: i.e., 125.12

CTS Table 4 Midpoint #1 48 Varies ASCII representation of floating point value: i.e., 125.13

CTS Table 4 Midpoint #2 48 Varies ASCII representation of floating point value: i.e., 125.14

CTS Calibration band #1 MSB 8 Varies Valid setting is in the range of 11-31

CTS Calibration band #2 MSB 8 Varies Valid setting is in the range of 11-31

CTS Calibration band #3 MSB 8 Varies Valid setting is in the range of 11-31

CTS Calibration band #4 MSB 8 Varies Valid setting is in the range of 11-31

CTS Calibration band #5 MSB 8 Varies Valid setting is in the range of 11-31

CTS Calibration band #6 MSB 8 Varies Valid setting is in the range of 11-31

CTS Calibration band #7 MSB 8 Varies Valid setting is in the range of 11-31

CTS Nominal band #1 MSB 8 Varies Valid setting is in the range of 11-31

CTS Nominal band #2 MSB 8 Varies Valid setting is in the range of 11-31

CTS Nominal band #3 MSB 8 Varies Valid setting is in the range of 11-31

CTS Nominal band #4 MSB 8 Varies Valid setting is in the range of 11-31

CTS Nominal band #5 MSB 8 Varies Valid setting is in the range of 11-31

CTS Nominal band #6 MSB 8 Varies Valid setting is in the range of 11-31

CTS Nominal band #7 MSB 8 Varies Valid setting is in the range of 11-31

PLL Lock Successful Counter 32 Varies The number of times that all 6 PLL lock indicator bits
were found to be in lock when a CTS scan was about to
be started.
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Data Element

Value
(binary)

Size

(bits) Comment

PLL Lock Unsuccessful Counter

32 The number of times that one or more of the 6 PLL lock
indicator bits were found to not be in lock when a CTS

scan was about to be started.

Varies

Reserved

2640

330 bytes | Will use as required

7.1.6.3

Expected Value

Two samples of Miscellaneous Science files are given below.

*** Record #27
OpMode = x2000
AstMode
MM Subtract

RunTime

Midpoints:

CTS
CTS
126.
CTS
CTS
PLL

6

* k%

CTS
CTS
126.
CTS
CTS
PLL

6

7.1.6.4

Cal.band MSBs:
Nom.band MSBs:
Lock:

Record #28
OpMode
AstMode
MM Subtract
RunTime
Midpoints:

Cal.band MSBs:
Nom.band MSBs:
Lock:

time = 1171396.767

MirPos = 1

0 Ast.Start
0

4.956

0.000
SMM Subtract
Unload Gap

10.00

123.5 126.2 127.6 124.4 123.9
0 0 0 0O 0 o0 O
11 11 11 11 11 11 11

2694 Unsuccessful

125.6 126.1

success 268

time =

x2000 MirPos

0 Ast.Start
0
4.956

1171452.417
3

0.000
SMM Subtract =
Unload Gap 0.105

123.5 126.2 127.6 124.4 123.9
29 25 25 25 25 25 25
21 17 17 17 17 17 17

2704 Unsuccessful

125.6 126.1

Success 268

RSDB Entries

The Spectroscopic data file YMRO0OO11. Some of the header values are called
specifically with NMR ... designations. These are indicated in the above tables.

7.1.7

7.1.7.1

MEMORY DUMP TELEMETRY

Description

On receipt of a dump request, the defined area of memory is formatted as a dump
telemetry report and transferred to the spacecraft.
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Memory Dump Telemetry Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 000 | EID-A Mandatory

Type 1 0 | EID-A Mandatory

Data Field Header Flag 1 1| EID-A Mandatory

Application Process ID 7 1000111 | EID-A Specified, 71

Packet Category 4 1001 | EID-A Specified, Private (dump) =9

Sequence Flags NMRDH191 2 11| EID-A Mandatory

Sequence Count NMRDH192 14 000 + 1 up | First 3 bits are zero indicating “Ground” as

counter | the source. The remaining 11 bits are zero
initially, and constitute a one-up
Telecommand counter. A separate counter is
used for each APID/Packet Category
combination.

Packet Length NMRAH192 16 Varies | This gets set to the size of the source data
field (in bytes) + 9.

Time NMRAH193 48 Varies | Defines the time that the acquisition of the
data within the packet was initiated. 4 bytes
of seconds followed by 2 bytes of fractional
seconds.

PUS Version NMRDH195 3 010 | EID-A Specified

Checksum Flag NMRDH196 1 0 | EID-A Mandatory

Spare NMRDH197 4 0000 | EID-A Mandatory

Packet Type NMRDH198 8 00000110 | EID-A Specified, Memory Management = 6

Packet Subtype NMRDH199 8 00000110 | EID-A Specified, 6 = Memory Dump

Pad NMRDH190 8 Variable | Copied from TC.

Source Data Varies Variable | Detailed definition on following page

Memory Dump Telemetry Source Data Definition

Data Element RSDB Name | Size (bits) | Value (binary) Comment
Memory ID NMRDST50 8 01100100 | 100 = MIROs assigned ID
Number of blocks NMRDST55 8 00000001 | Must be 1.
Start address NMRAST51 32 Variable | Copied from TC.
Block Length NMRAST52 16 Variable | Copied from TC.
Data Block NMRAST53 Varies Variable | Contents of dump as requested in the
memory dump TC.
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7.1.7.3

7.1.7.4

Expected Value

Contains the contents of the memory block being dumped, contiguously from the
defined address. The block consists of a structured array of memory words, as
shown below, repeated a “block length” number of times.

For 16 bit word memory width:

Data word
2 octets
Unsigned integer

For 32 bit memory width:

Most significant word Least significant word

2 octets 2 octets

RSDB Entries

Telemetry Packet: YMRO00007 — Memory Dump MID 100

Telemetry Parameters: In table above
Telemetry Parameters with subparameters are given below.

NMRAH191 — MR71/9 PckSeqCount
NMRDHI191 Segmentation Flag
NMRDH192 MR71/9 SourceSeqCount

NMRAH 193 - MR71/9 DataFieldHdr time
NMRDH193 MIRO 71/9 Coarse time
NMRDH194 MIRO 71/9Fine time

NMRAH194 — MR71/9 DataFieldHdr PUS
NMRDH195 PUS version number
NMRDH196 Checksum flag

NMRDH197 Data field header spare
NMRDH198 MIRO 71/9 Packet Type
NMRDH199 MR 71/9 Packet Subtype
NMRDHI190 Data field header pad

NMRASTS50 — Memory ID Blocks
NMRDST50 Memory ID
NMRDSTS55 Memory Blocks
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7.1.8 MEMORY CHECKSUM TELEMETRY

7.1.8.1 Description
On receipt of a checksum request, the checksum of the contents of the defined
area of memory is calculated.

7.1.8.2 Packet Definition

Memory Checksum Telemetry Definition

Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 000 | EID-A Mandatory

Type 1 0 | EID-A Mandatory

Data Field Header Flag 1 1| EID-A Mandatory

Application Process ID 7 1000111 | EID-A Specified, 71

Packet Category 4 0111 | EID-A Specified, Private (event) =7

Sequence Flags NMRDH171 2 11| EID-A Mandatory

Sequence Count NMRDH172 14 000 + 1 up counter | First 3 bits are zero indicating “Ground” as
the source. The remaining 11 bits are zero
initially, and constitute a one-up
Telecommand counter. A separate counter
is used for each APID/Packet Category
combination.

Packet Length NMRAH172 16 0000000000010011 | This gets set to the size of the source data
field (in bytes) + 9. In this case, 19.

Time NMRAH173 48 Varies | Defines the time that the acquisition of the
data within the packet was initiated. 4
bytes of seconds followed by 2 bytes of
fractional seconds.

PUS Version NMRDH175 3 010 | EID-A Specified

Checksum Flag NMRDH176 1 0| EID-A Mandatory

Spare NMRDH177 4 0000 | EID-A Mandatory

Packet Type NMRDH178 8 00000110 | EID-A Specified, Memory Management =
6

Packet Subtype NMRDH179 8 00001010 | EID-A Specified, 10 = Memory Check
Report

Pad NMRDH170 8 Variable | Copied from TC.

Source Data 80 Variable | Detailed definition on following page
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Memory Checksum Telemetry Source Data Definition

Data Element RSDB Name | Size (bits) | Value (binary) Comment
Memory ID NMRASTS50 8 01100100 | 100 = MIRO’s assigned ID
Number of blocks NMRAST50 8 00000001 | Must be 1.
Start address NMRAST51 32 Variable | Copied from TC.
Block Length NMRAST52 16 Variable | Copied from TC.
Checksum NMRAST54 16 Variable | Checksum computed by ESA standard
checksum algorithm.

7.1.8.3

Expected Value

Typical output file is shown below.

Time (Pkt Typ, STyp) Data

1143409.69735 ( 6,10) 6401 f££80
0000 8000
de39 0000

MIRO makes use of a standard ESA CRC computation algorithm/routine. This
routine is used to compute the CRC’s on incoming telecommand packets and also
for computation of the memory checksum that takes place as part of the memory
check service. The memory check can be performed on both the RAM and
EEPROM areas of memory. The code is as follows:

UINT16 calccrc_( UINT8 *buffer, unsigned count )
{

UINT16 crc = Oxffff;

unsigned 1i;

unsigned j;

UINT16 wtemp;

char audit_string[80];

for( i = 0; i < count; i++ )
{
wtemp = buffer[i] << 8;
for( j = 0; j < 8; J++ )
{

if( (crc ~ wtemp) & 0x8000 )

crc = (crc << 1) »~ 0x1021;
else
crc (crc << 1);

wtemp
}
}

return( crc );
}
When the code is executing and performing a checksum on regular memory
(RAM) it proceeds through a byte at a time and the checksum is valid because the
RAM is byte addressable. The EEPROM on the other hand is quadword
addressable rather than byte addressable.

(wtemp << 1);

The calccre routine accesses memory one byte at a time, as each byte is then
processed individually within the routine. Accessing EEPROM memory via byte
accesses produces incorrect data 50% of the time. The following example
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7.1.8.4

7.1.9

7.1.9.1

illustrates the problem. Suppose the first quadword of EEPROM located at
0xFF800000 contained the value 0xAABBCCDD. If one were to read the
following memory locations via byte accesses to locations 0xFF800000,
0xFF800001, 0xFF800002 and 0xFF800003 one would get 0xAA, 0xAA, 0xDD
and 0xDD respectively. Craig Hatfield obtained these results by running code on
a flight rad6000.

RSDB Entries

Telemetry Packet: YMRO00008 — Memory Check MID 100
Telemetry Parameters: In table above
Telemetry Parameters with subparts are given below

NMRAH171 — MR71/7 PcktSeqCount
NMRDHI171  Segmentation Flag
NMRDHI172 MR 71/7 SourceSeqCount

NMRAH173 —- MR71/7 DataFieldHdr time
NMRDH173 MIRO 71/7 Coarse time
NMRDH174 MIRO 71/7Fine time

NMRAH174 — MR71/7 DataFieldHdr PUS
NMRDHI175 PUS version number
NMRDH176  Checksum flag

NMRDH177 Data field header spare
NMRDH178 MIRO 71/7 Packet Type
NMRDH179 MIRO 71/7 Packet Subtype
NMRDH170 Data field header pad

MIRO ON (PROGRESS EVENT REPORT #1) TELEMETRY

Description

The MIRO On progress event report is generated when the MIRO flight software
has come up normally and received a time synchronization TC packet and the
associated TSY pulse from the spacecraft.
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7.1.9.2 Packet Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 000 | EID-A Mandatory

Type 1 0 | EID-A Mandatory

Data Field Header Flag 1 1| EID-A Mandatory

Application Process ID 7 1000111 | EID-A Specified, 71

Packet Category 4 111 | EID-A Specified, Event =7

Segmentation Flags 2 11| EID-A Mandatory

Source Sequence NMRDH171 14 1 up counter | Zero initially, A separate counter is

Count used for each APID/Packet Category
combination (i.e., science,
housekeeping, memory dump, efc.)

Packet Length NMRDH172 16 0000000000001011 | This gets set to the size of the source
data field (in bytes) + 9. This is 11
bytes.

Time NMRAH172 48 Varies | Defines the time that the acquisition of
the data within the packet was initiated.
4 bytes of seconds followed by 2 bytes
of fractional seconds.

PUS Version NMRAH173 3 010 | EID-A Specified, Non-Science data

Checksum Flag NMRDH175 1 0 | EID-A Mandatory

Spare NMRDH176 4 0000 | EID-A Mandatory

Packet Type NMRDH177 8 00000101 | EID-A Specified, Event =5

Packet Subtype NMRDH178 8 00000011 | EID-A Specified, Normal/Progress
Report =1

Pad NMRDH179 8 00000000 | EID-A Specified

Source Data NMRDH170 16 2 bytes | Detailed definition on following page

MIRO On (Progress Event Report #1) Source Data Definition

Data Element RSDB Name

Size (bits)

Value (binary)

Comment

Event ID (EID) NMRAOQEID

16

1010011111111110

MIRO range given in EID-A 2.8. This
one is 43006. This is generated when
the flight software has come up
normally and received a time
synchronization TC packet and the
associated TSY pulse from the
spacecraft. Basically when we synch to
spacecraft time for the first time.
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7.1.9.3

7.1.9.4

7.1.10

7.1.10.1

Expected Value

A typical output is shown below.

Time (Pkt Typ, STyp) Data

1139979.86552 (5, 1) a7fe 0000 (note that a7fe(HEX) =
43006 (DEC) )

RSDB Entries

Telemetry Packet: YMRO00012 — Progress Event 1

Telemetry Parameter:  In table above
Telemetry Parameters with subparts are given below

NMRAH171 — MR71/7 PcktSeqCount
NMRDHI171 Segmentation Flag
NMRDH172 MR 71/7 SourceSeqCount

NMRAH173 —- MR71/7 DataFieldHdr time
NMRDH173 MIRO 71/7 Coarse time
NMRDH174 MIRO 71/7Fine time

NMRAH174 — MR71/7 DataFieldHdr PUS
NMRDH175 PUS version number
NMRDH176 Checksum flag

NMRDH177 Data field header spare
NMRDH178 MIRO 71/7 Packet Type
NMRDH179 MIRO 71/7 Packet Subtype
NMRDH170 Data field header pad

ASTEROID MODE STARTED (PROGRESS EVENT REPORT #2) TELEMETRY

Description

This asteroid mode started report is generated when the flight software begins
running the asteroid mode sequence. This should correlate to the asteroid mode
start time issued in the asteroid mode TC.
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7.1.10.2 Packet Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 000 | EID-A Mandatory

Type 1 0 | EID-A Mandatory

Data Field Header Flag 1 1| EID-A Mandatory

Application Process ID 7 1000111 | EID-A Specified, 71

Packet Category 4 111 | EID-A Specified, Event =7

Segmentation Flags 2 11| EID-A Mandatory

Source Sequence NMRDH171 14 1 up counter | Zero initially, A separate counter is

Count used for each APID/Packet Category
combination (i.e., science,
housekeeping, memory dump, efc.)

Packet Length NMRDH172 16 0000000000001011 | This gets set to the size of the source
data field (in bytes) + 9. This is 11
bytes.

Time NMRAH172 48 Varies | Defines the time that the acquisition of
the data within the packet was initiated.
4 bytes of seconds followed by 2 bytes
of fractional seconds.

PUS Version NMRAH173 3 010 | EID-A Specified, Non-Science data

Checksum Flag NMRDH175 1 0 | EID-A Mandatory

Spare NMRDH176 4 0000 | EID-A Mandatory

Packet Type NMRDH177 8 00000101 | EID-A Specified, Event =5

Packet Subtype NMRDH178 8 00000011 | EID-A Specified, Normal/Progress
Report =1

Pad NMRDH179 8 00000000 | EID-A Specified

Source Data NMRDH170 16 2 bytes | Detailed definition on following page

Asteroid Mode Started (Progress Event Report #2) Source Data Definition

Data Element RSDB Name

Size (bits)

Value (binary)

Comment

Event ID (EID) NMRAOQEID

16

1010011111111111

MIRO range given in EID-A 2.8. This
one is 43007. This is generated when
the flight software begins running the
asteroid mode sequence. This should
correlate to the asteroid mode start
time issued in the asteroid mode TC.
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7.1.10.3

7.1.10.4

7.1.11

7.1.11.1

Expected Value

A typical output is shown below.

Time (Pkt Typ, STyp) Data

1139979.86552 (5, 1) a7ff 0000 (note that a7ff (HEX) =
43007 (DEC) )

RSDB Entries

Telemetry Packet: YMRO00013 — Progress Event 2

Telemetry Parameter:  In table above
Telemetry Parameters with subparts are given below

NMRAH171 — MR71/7 PcktSeqCount
NMRDHI171  Segmentation Flag
NMRDHI172 MR 71/7 SourceSeqCount

NMRAH173 —- MR71/7 DataFieldHdr time
NMRDH173 MIRO 71/7 Coarse time
NMRDH174 MIRO 71/7Fine time

NMRAH174 — MR71/7 DataFieldHdr PUS
NMRDHI175 PUS version number
NMRDH176  Checksum flag

NMRDH177 Data field header spare
NMRDH178 MIRO 71/7 Packet Type
NMRDH179 MIRO 71/7 Packet Subtype
NMRDH170 Data field header pad

ASTEROID MODE COMPLETED (PROGRESS EVENT REPORT #3) TELEMETRY

Description

This asteroid mode completed report is generated when the flight software
completes the asteroid mode sequence.
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7.1.11.2 Packet Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 000 | EID-A Mandatory

Type 1 0 | EID-A Mandatory

Data Field Header Flag 1 1| EID-A Mandatory

Application Process ID 7 1000111 | EID-A Specified, 71

Packet Category 4 111 | EID-A Specified, Event =7

Segmentation Flags 2 11| EID-A Mandatory

Source Sequence NMRDH171 14 1 up counter | Zero initially, A separate counter is

Count used for each APID/Packet Category
combination (i.e., science,
housekeeping, memory dump, efc.)

Packet Length NMRDH172 16 0000000000001011 | This gets set to the size of the source
data field (in bytes) + 9. This is 11
bytes.

Time NMRAH172 48 Varies | Defines the time that the acquisition of
the data within the packet was initiated.
4 bytes of seconds followed by 2 bytes
of fractional seconds.

PUS Version NMRAH173 3 010 | EID-A Specified, Non-Science data

Checksum Flag NMRDH175 1 0 | EID-A Mandatory

Spare NMRDH176 4 0000 | EID-A Mandatory

Packet Type NMRDH177 8 00000101 | EID-A Specified, Event =5

Packet Subtype NMRDH178 8 00000011 | EID-A Specified, Normal/Progress
Report =1

Pad NMRDH179 8 00000000 | EID-A Specified

Source Data NMRDH170 16 2 bytes | Detailed definition on following page

Asteroid Mode Completed (Progress Event Report #3) Source Data Definition

Data Element RSDB Name | Size (bits) | Value (binary) Comment
Event ID (EID) NMRAOQEID 16 1010100000000000 | MIRO range given in EID-A 2.8. This
one is 43008. This is generated when
the flight software completes the
asteroid mode sequence.
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7.1.11.3

7.1.11.4

7.1.12

7.1.12.1

Expected Value

A typical output is shown below.

Time (Pkt Typ, STyp) Data

1139979.86552 (5, 1) a800 0000 (note that a800 (HEX) =
43008 (DEC) )

RSDB Entries

Telemetry Packet: YMRO00014 — Progress Event 3

Telemetry parameters: In table above
Telemetry Parameters with subparts are given below

NMRAH171 — MR71/7 PcktSeqCount
NMRDHI171  Segmentation Flag
NMRDHI172 MR 71/7 SourceSeqCount

NMRAH173 —- MR71/7 DataFieldHdr time
NMRDH173 MIRO 71/7 Coarse time
NMRDH174 MIRO 71/7Fine time

NMRAH174 — MR71/7 DataFieldHdr PUS
NMRDHI175 PUS version number
NMRDH176  Checksum flag

NMRDH177 Data field header spare
NMRDH178 MIRO 71/7 Packet Type
NMRDH179 MIRO 71/7 Packet Subtype
NMRDH170 Data field header pad

CONNECTION REPORT TELEMETRY

Description

Upon receipt of a connection test request, the connection test report is generated if
the following was completed successfully after start-up.

1. Mirror driven to mechanical stop.

2. Mirror moved successfully to space position.

3. Time synch received or 60 seconds pass, whichever is first.

4. MIRO turned on housekeeping telemetry collection.
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7.1.12.2 Telemetry Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 000 | EID-A Mandatory

Type 1 0 | EID-A Mandatory

Data Field Header Flag 1 1| EID-A Mandatory

Application Process ID 7 1000111 | EID-A Specified, 71

Packet Category 4 0111 | EID-A Specified, Private (event) =7

Sequence Flags NMRDH171 2 11| EID-A Mandatory

Sequence Count NMRDH172 14 000 + 1 up counter | First 3 bits are zero indicating “Ground”
as the source. The remaining 11 bits
are zero initially, and constitute a one-
up Telecommand counter. A separate
counter is used for each APID/Packet
Category combination.

Packet Length NMRAH172 16 0000000000010011 | This gets set to the size of the source
data field (in bytes) + 9. In this case,
19.

Time NMRAH173 48 Varies | Defines the time that the acquisition of
the data within the packet was initiated.
4 bytes of seconds followed by 2 bytes
of fractional seconds.

PUS Version NMRDH175 3 010 | EID-A Specified

Checksum Flag NMRDH176 1 0 | EID-A Mandatory

Spare NMRDH177 4 0000 | EID-A Mandatory

Packet Type NMRDH178 8 00000110 | EID-A Specified, Connection Test
Report=17

Packet Subtype NMRDH179 8 00001010 | EID-A Specified, 2 = Connection Test
Report

Pad NMRDH170 8 Variable | Copied from TC.

Source Data Variable | 0000 0000

7.1.12.3

The expected output for this report is below

Time

Expected value

1139983.43179

(Pkt Typ,
(17, 2)

STyp)

Data
0000 0000
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7.1.12.4

7.1.13

7.1.13.1

RSDB Entries

Telemetry Packet: YMRO00009 — Connection Report
Telemetry Parameters are given in the table above
Telemetry Parameters with subparts are given below

NMRAH171 - MR71/7 PcktSeqCount
NMRDHI171  Segmentation Flag
NMRDHI172 MR 71/7 SourceSeqCount

NMRAH173 —- MR71/7 DataFieldHdr time
NMRDH173 MIRO 71/7 Coarse time
NMRDH174 MIRO 71/7Fine time

NMRAH174 — MR71/7 DataFieldHdr PUS
NMRDHI175 PUS version number
NMRDH176  Checksum flag

NMRDH177 Data field header spare
NMRDH178 MIRO 71/7 Packet Type
NMRDH179 MIRO 71/7 Packet Subtype
NMRDH170 Data field header pad

MIRROR ERROR REPORT TYPE 1 TELEMETRY

Description

This mirror error report is generated when the mirror fails to achieve the desired
position, but then is successfully driven back and then positioned at the space
position.
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7.1.13.2 Packet Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment
Version Number 3 000 | EID-A Mandatory
Type 1 0 | EID-A Mandatory
Data Field Header Flag 1 1| EID-A Mandatory
Application Process ID 7 1000111 | EID-A Specified, 71
Packet Category 4 111 | EID-A Specified, Event =7
Segmentation Flags NMRDH171 2 11| EID-A Mandatory
Source Sequence NMRDH172 14 1 up counter | Zero initially, A separate counter is used
Count for each APID/Packet Category
combination (i.e., science,
housekeeping, memory dump, etc.)
Packet Length NMRAH172 16 0000000000001101 | This gets set to the size of the source
data field (in bytes) + 9. This is 13 bytes.
Time NMRAH173 48 Varies | Defines the time that the acquisition of
the data within the packet was initiated.
4 bytes of seconds followed by 2 bytes
of fractional seconds.
PUS Version NMRDH175 3 010 | EID-A Specified, Non-Science data
Checksum Flag NMRDH176 1 0 | EID-A Mandatory
Spare NMRDH177 4 0000 | EID-A Mandatory
Packet Type NMRDH178 8 00000101 | EID-A Specified, Event =5
Packet Subtype NMRDH179 8 00000010 | EID-A Specified, Warning = 2
Pad NMRDH170 8 00000000 | EID-A Specified
Source Data 32 4 bytes | Detailed definition on following page

Mirror Error Type #1 Source Data Definition

Data Element

RSDB Name

Size (bits)

Value (binary)

Comment

Event ID (EID)

NMRAOQEID

16

1010011111111001

MIRO range given in EID-A 2.8. This
one is 43001. This is generated when
the mirror fails to achieve the desired
position, but then is successfully driven
back then positioned at space.

Failed Position

NMRA0063

16

1,20r3

The position that the mirror could not
achieve. 1=space, 2=hot, 3=cold

7-65

DATA OPERATIONS HANDBOOK (TELEMETRY)



MIiRO

Reference: RO-MIR-PR-0030

ROS ETTA Issue: 4 Rev: 6

Date: 29 Mar 2011

7.1.13.3

7.1.13.4

7.1.14

7.1.14.1

Expected Values
A typical output is shown below.
Time (Pkt Typ, STyp) Data
1139979.86552 (5,2) a7f9 0000 (note that a7f9 (HEX) =
43001 (DEC) )
0000 0001
RSDB Entries
Telemetry Packet: YMRO00002 — Mirror Error Type 1

Telemetry Parameter:  Identified in table above.
Telemetry Parameters with subparts are given below

NMRAH171 — MR71/7 PcktSeqCount
NMRDH171 Segmentation Flag
NMRDH172 MR 71/7 SourceSeqCount

NMRAH173 - MR71/7 DataFieldHdr time
NMRDH173 MIRO 71/7 Coarse time
NMRDH174 MIRO 71/7Fine time

NMRAH174 —- MR71/7 DataFieldHdr PUS
NMRDHI175 PUS version number
NMRDH176  Checksum flag

NMRDH177  Data field header spare
NMRDH178 MIRO 71/7 Packet Type
NMRDH179  MIRO 71/7 Packet Subtype
NMRDHI170 Data field header pad

MIRROR ERROR REPORT TYPE 2 TELEMETRY

Description

This mirror error report is generated when the mirror fails to achieve the desired
position, is then driven back and then fails to find the space position.
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7.1.14.2 Packet Definition
Data Element RSDB Name | Size (bits) Value (binary) Comment

Version Number 3 000 | EID-A Mandatory

Type 1 0 | EID-A Mandatory

Data Field Header Flag 1 1| EID-A Mandatory

Application Process ID 7 1000111 | EID-A Specified, 71

Packet Category 4 111 | EID-A Specified, Event =7

Segmentation Flags NMRDH171 2 11| EID-A Mandatory

Source Sequence NMRDH172 14 1 up counter | Zero initially, A separate counter is

Count used for each APID/Packet Category
combination (i.e., science,
housekeeping, memory dump, etc.)

Packet Length NMRAH172 16 0000000000001101 | This gets set to the size of the source
data field (in bytes) + 9. This is 13
bytes.

Time NMRAH173 48 Varies | Defines the time that the acquisition of
the data within the packet was
initiated. 4 bytes of seconds followed
by 2 bytes of fractional seconds.

PUS Version NMRDH175 3 010 | EID-A Specified, Non-Science data

Checksum Flag NMRDH176 1 0 | EID-A Mandatory

Spare NMRDH177 4 0000 | EID-A Mandatory

Packet Type NMRDH178 8 00000101 | EID-A Specified, Event =5

Packet Subtype NMRDH179 8 00000010 | EID-A Specified, Warning = 2

Pad NMRDH170 8 00000000 | EID-A Specified

Source Data 32 4 bytes | Detailed definition on following page

Mirror Error Type #2 Source Data Definition
Data Element RSDB Name | Size (bits) Value (binary) Comment

Event ID (EID) NMRAOEID 16 1010011111111010 | MIRO range given in EID-A 2.8. This
one is 43002. This is generated when
the mirror fails to achieve the desired
position, is then driven back and then
fails to find the space position.

Failed Position NMRAO0063 16 1, 2 or 3 | The position that the mirror could not
achieve. 1=space, 2=hot, 3=cold
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7.1.14.3

7.1.14.4

7.1.15

7.1.15.1

Expected Value
A typical output is shown below.
Time (Pkt Typ, STyp) Data
1139979.86552 (5,2) a7fa 0000 (note that a7fa(HEX) =
43002 (DEC) )
0000 0001
RSDB Entries
Telemetry Packet: YMRO00003 — Mirror Type 2

Telemetry Parameters: In table above
Telemetry Parameters with subparts are given below

NMRAH171 — MR71/7 PcktSeqCount
NMRDH171 Segmentation Flag
NMRDH172 MR 71/7 SourceSeqCount

NMRAH173 - MR71/7 DataFieldHdr time
NMRDH173 MIRO 71/7 Coarse time
NMRDH174 MIRO 71/7Fine time

NMRAH174 —- MR71/7 DataFieldHdr PUS
NMRDHI175 PUS version number
NMRDH176  Checksum flag

NMRDH177  Data field header spare
NMRDH178 MIRO 71/7 Packet Type
NMRDH179  MIRO 71/7 Packet Subtype
NMRDHI170 Data field header pad

MIRROR ERROR REPORT TYPE 3 TELEMETRY

Description

This mirror error report is generated when the mirror fails to achieve the desired
position, is then driven back and then fails to find the space position, the pin
puller is activated and the space position located.
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7.1.15.2 Packet Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 000 | EID-A Mandatory

Type 1 0 | EID-A Mandatory

Data Field Header Flag 1 1| EID-A Mandatory

Application Process ID 7 1000111 | EID-A Specified, 71

Packet Category 4 111 | EID-A Specified, Event =7

Segmentation Flags 2 11| EID-A Mandatory

Source Sequence NMRDH171 14 1 up counter | Zero initially, A separate counter is

Count used for each APID/Packet Category
combination (i.e., science,
housekeeping, memory dump, efc.)

Packet Length NMRDH172 16 0000000000001011 | This gets set to the size of the source
data field (in bytes) + 9. This is 11
bytes.

Time NMRAH172 48 Varies | Defines the time that the acquisition of
the data within the packet was initiated.
4 bytes of seconds followed by 2 bytes
of fractional seconds.

PUS Version NMRAH173 3 010 | EID-A Specified, Non-Science data

Checksum Flag NMRDH175 1 0 | EID-A Mandatory

Spare NMRDH176 4 0000 | EID-A Mandatory

Packet Type NMRDH177 8 00000101 | EID-A Specified, Event =5

Packet Subtype NMRDH178 8 00000010 | EID-A Specified, Warning = 2

Pad NMRDH179 8 00000000 | EID-A Specified

Source Data NMRDH170 16 2 bytes | Detailed definition on following page

Mirror Error Type #3 Source Data Definition

Data Element RSDB Name | Size (bits) Value (binary) Comment

Event ID (EID) NMRAOEID 16 1010011111111011 | MIRO range given in EID-A 2.8. This
one is 43003. This is generated when
the mirror fails to achieve the desired
position, is then driven back and then
fails to find the space position, the pin
puller is activated and the space
position located.
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7.1.15.3

7.1.15.4

7.1.16

7.1.16.1

Expected Value

A typical output is shown below.

Time (Pkt Typ, STyp) Data

1139979.86552 (5,2) a7fb 0000 (note that a7fb(HEX) =
43003 (DEC) )

RSDB Entries

Telemetry Packet: YMRO00004 — Mirror Error Type 3

Telemetry Parameter:  In table above
Telemetry Parameters with subparts are given below

NMRAH171 — MR71/7 PcktSeqCount
NMRDHI171 Segmentation Flag
NMRDH172 MR 71/7 SourceSeqCount

NMRAH173 —- MR71/7 DataFieldHdr time
NMRDH173 MIRO 71/7 Coarse time
NMRDH174 MIRO 71/7Fine time

NMRAH174 — MR71/7 DataFieldHdr PUS
NMRDHI175 PUS version number
NMRDH176  Checksum flag

NMRDH177 Data field header spare
NMRDH178 MIRO 71/7 Packet Type
NMRDH179 MIRO 71/7 Packet Subtype
NMRDH170 Data field header pad

MIRROR ERROR REPORT TYPE 4 TELEMETRY

Description

This mirror error command is generated when the mirror fails to achieve the
desired position, is then driven back and then fails to find the space position, the
pin puller is activated and the space position is not located.
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7.1.16.2 Packet Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 000 | EID-A Mandatory

Type 1 0 | EID-A Mandatory

Data Field Header Flag 1 1| EID-A Mandatory

Application Process ID 7 1000111 | EID-A Specified, 71

Packet Category 4 111 | EID-A Specified, Event =7

Segmentation Flags 2 11| EID-A Mandatory

Source Sequence NMRDH171 14 1 up counter | Zero initially, A separate counter is

Count used for each APID/Packet Category
combination (i.e., science,
housekeeping, memory dump, etc.)

Packet Length NMRDH172 16 0000000000001011 | This gets set to the size of the source
data field (in bytes) + 9. This is 11
bytes.

Time NMRAH172 48 Varies | Defines the time that the acquisition of
the data within the packet was initiated.
4 bytes of seconds followed by 2 bytes
of fractional seconds.

PUS Version NMRAH173 3 010 | EID-A Specified, Non-Science data

Checksum Flag NMRDH175 1 0 | EID-A Mandatory

Spare NMRDH176 4 0000 | EID-A Mandatory

Packet Type NMRDH177 8 00000101 | EID-A Specified, Event =5

Packet Subtype NMRDH178 8 00000011 | EID-A Specified, Ground Action = 3

Pad NMRDH179 8 00000000 | EID-A Specified

Source Data NMRDH170 16 2 bytes | Detailed definition on following page

Mirror Error Type #4 Source Data Definition

Data Element

RSDB Name

Size (bits)

Value (binary)

Comment

Event ID (EID)

NMRAOEID

16

1010011111111100

MIRO range given in EID-A 2.8. This
one is 43004. This is generated when
the mirror fails to achieve the desired
position, is then driven back and then
fails to find the space position, the pin
puller is activated and the space
position is not located.
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7.1.16.3

7.1.16.4

7.1.17

7.1.17.1

Expected Value

A typical output is shown below.

Time (Pkt Typ, STyp) Data

1139979.86552 (5,3) a7fc 0000 (note that a7fc(HEX) =
43004 (DEC) )

RSDB Entries

Telemetry Packet: YMRO00005 — Mirror Error Type 4
Telemetry Parameters are given in the tables above.
Telemetry Parameters with subparts are given below

NMRAH171 — MR71/7 PcktSeqCount
NMRDHI171  Segmentation Flag
NMRDHI172 MR 71/7 SourceSeqCount

NMRAH173 —- MR71/7 DataFieldHdr time
NMRDH173 MIRO 71/7 Coarse time
NMRDH174 MIRO 71/7Fine time

NMRAH174 — MR71/7 DataFieldHdr PUS
NMRDHI175 PUS version number
NMRDH176  Checksum flag

NMRDH177 Data field header spare
NMRDH178 MIRO 71/7 Packet Type
NMRDH179 MIRO 71/7 Packet Subtype
NMRDH170 Data field header pad

MIRROR ERROR REPORT TYPE 5 TELEMETRY

Description

This mirror error report is generated when a previous mirror failure was recovered
from and was followed by a subsequent failure.
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7.1.17.2 Packet Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 000 | EID-A Mandatory

Type 1 0 | EID-A Mandatory

Data Field Header Flag 1 1| EID-A Mandatory

Application Process ID 7 1000111 | EID-A Specified, 71

Packet Category 4 111 | EID-A Specified, Event =7

Segmentation Flags 2 11| EID-A Mandatory

Source Sequence NMRDH171 14 1 up counter | Zero initially, A separate counter is

Count used for each APID/Packet Category
combination (i.e., science,
housekeeping, memory dump, efc.)

Packet Length NMRDH172 16 0000000000001101 | This gets set to the size of the source
data field (in bytes) + 9. This is 13
bytes.

Time NMRAH172 48 Varies | Defines the time that the acquisition of
the data within the packet was initiated.
4 bytes of seconds followed by 2 bytes
of fractional seconds.

PUS Version NMRAH173 3 010 | EID-A Specified, Non-Science data

Checksum Flag NMRDH175 1 0 | EID-A Mandatory

Spare NMRDH176 4 0000 | EID-A Mandatory

Packet Type NMRDH177 8 00000101 | EID-A Specified, Event =5

Packet Subtype NMRDH178 8 00000011 | EID-A Specified, Ground Action = 3

Pad NMRDH179 8 00000000 | EID-A Specified

Source Data NMRDH170 32 4 bytes | Detailed definition on following page

Mirror Error Type #5 Source Data Definition

Data Element RSDB Name | Size (bits) | Value (binary) Comment

Event ID (EID) NMRAOEID 16 1010011111111101 | MIRO range given in EID-A 2.8. This
one is 43005. This is generated when a
previous mirror failure was recovered
from and was followed by a
subsequent failure.

Failed Position NMRAO0063 16 1, 2 or 3 | The position that the mirror could not
achieve. 1=space, 2=hot, 3=cold
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7.1.17.3

7.1.17.4

7.1.18

7.1.18.1

Expected Value
A typical output is shown below.
Time (Pkt Typ, STyp) Data
1139979.86552 (5,3) a7fd 0000 (note that a7fd(HEX) =
43005 (DEC) )
0000 0001
RSDB Entries
Telemetry Packet: YMRO00006 — Mirror Error Type 5

Telemetry Parameters: In table above
Telemetry Parameters with subparts are given below

NMRAH171 — MR71/7 PcktSeqCount
NMRDH171 Segmentation Flag
NMRDH172 MR 71/7 SourceSeqCount

NMRAH173 - MR71/7 DataFieldHdr time
NMRDH173 MIRO 71/7 Coarse time
NMRDH174 MIRO 71/7Fine time

NMRAH174 —- MR71/7 DataFieldHdr PUS
NMRDHI175 PUS version number
NMRDH176  Checksum flag

NMRDH177  Data field header spare
NMRDH178 MIRO 71/7 Packet Type
NMRDH179  MIRO 71/7 Packet Subtype
NMRDHI170 Data field header pad

CTS ERROR REPORT TELEMETRY

Description

This CTS error report is generated when the CTS busy line is still high when it
should already have gone low indicating a scan completion.
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7.1.18.2 Packet Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 000 | EID-A Mandatory

Type 1 0 | EID-A Mandatory

Data Field Header Flag 1 1| EID-A Mandatory

Application Process ID 7 1000111 | EID-A Specified, 71

Packet Category 4 111 | EID-A Specified, Event =7

Segmentation Flags 2 11| EID-A Mandatory

Source Sequence NMRDH171 14 1 up counter | Zero initially, A separate counter is

Count used for each APID/Packet Category
combination (i.e., science,
housekeeping, memory dump, efc.)

Packet Length NMRDH172 16 0000000000001011 | This gets set to the size of the source
data field (in bytes) + 9. This is 11
bytes.

Time NMRAH172 48 Varies | Defines the time that the acquisition of
the data within the packet was initiated.
4 bytes of seconds followed by 2 bytes
of fractional seconds.

PUS Version NMRAH173 3 010 | EID-A Specified, Non-Science data

Checksum Flag NMRDH175 1 0 | EID-A Mandatory

Spare NMRDH176 4 0000 | EID-A Mandatory

Packet Type NMRDH177 8 00000101 | EID-A Specified, Event = 5

Packet Subtype NMRDH178 8 00000011 | EID-A Specified, Ground Action = 3

Pad NMRDH179 8 00000000 | EID-A Specified

Source Data NMRDH170 16 2 bytes | Detailed definition on following page

CTS Error Source Data Definition

Data Element RSDB Name | Size (bits) | Value (binary) Comment

Event ID (EID) NMRAOEID 16 1010100000000001 | MIRO range given in EID-A 2.8. This
one is 43009. This is generated when
the CTS busy line is still high when it
should already have gone low
indicating a scan completion.
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7.1.18.3

7.1.18.4

7.1.19

7.1.19.1

Expected Value

A typical output is shown below.

Time (Pkt Typ, STyp) Data

1139979.86552 (5,3) a801 0000 (note that a801 (HEX) =
43009 (DEC) )

RSDB Entries

Telemetry Packet: YMRO00015 — CTS Error

Telemetry Parameters: In table above.
Telemetry Parameters with subparts are given below

NMRAH171 — MR71/7 PcktSeqCount
NMRDHI171  Segmentation Flag
NMRDHI172 MR 71/7 SourceSeqCount

NMRAH173 —- MR71/7 DataFieldHdr time
NMRDH173 MIRO 71/7 Coarse time
NMRDH174 MIRO 71/7Fine time

NMRAH174 — MR71/7 DataFieldHdr PUS
NMRDHI175 PUS version number
NMRDH176  Checksum flag

NMRDH177 Data field header spare
NMRDH178 MIRO 71/7 Packet Type
NMRDH179 MIRO 71/7 Packet Subtype
NMRDH170 Data field header pad

ACCEPT SUCCESS EVENT REPORT TELEMETRY

Description

This report is generated when within 4 seconds of successful receipt of a
telecommand.
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7.1.19.2 Packet Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 EID-A Mandatory

Type 1 EID-A Mandatory

Data Field Header Flag 1 EID-A Mandatory

Application Process ID 7 EID-A Specified, 71

Packet Category 4 EID-A Specified, Event = 1

Segmentation Flags NMRDH111 2 EID-A Mandatory

Source Sequence NMRDH112 14 Zero initially, A separate counter is used

Count for each APID/Packet Category
combination (i.e., science, housekeeping,
memory dump, etc.)

Packet Length NMRAH112 16

Time NMRAH113 48 Defines the time that the acquisition of
the data within the packet was initiated. 4
bytes of seconds followed by 2 bytes of
fractional seconds.

PUS Version NMRDH115 3 EID-A Specified, Non-Science data

Checksum Flag NMRDH116 1 EID-A Mandatory

Spare NMRDH117 4 EID-A Mandatory

Packet Type NMRDH118 8 EID-A Specified, Telecommand
Verification = 1

Packet Subtype NMRDH119 8 EID-A Specified, Acceptance Success
Report =1

Pad NMRDH110 8 EID-A Specified

Source Data 32 Detailed definition on following page

Accept Success Event Report Source Data Definition

Data Element RSDB Name | Size (bits) | Value (binary) Comment
Global PID NMRASTO1 16
Sequence Control NMRAST02 16
7.1.19.3 Expected Value

A typical output is shown below.

Time
1139979.86552

(Pkt Typ,

(1,1)

STyp)

Data

0000 0000
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ROSETTA

7.1.19.4

7.1.20

7.1.20.1

RSDB Entries

YMRSTO001 — Accept Success
In table above.

Telemetry Packet:
Telemetry Parameters:
Telemetry Parameters that have subparameters are listed below.

NMRAH111 - PckSeqCount
NMRDHI11  Segmentation Flag
NMRDHI112 MR 71/1 SourceSeqCount

NMRAH113 — DataFieldHdr PUS
NMRDH113 MIRO 71/1 Coarse time
NMRDH114 MIRO 71/1Fine time

NMRAH114 — MR71/1 DataFieldHdr PUS

NMRDHI110 Data field header pad
NMRDHI115 PUS version number
NMRDHI116  Checksum flag
NMRDHI117  Data field header spare
NMRDHI118 MIRO 71/1 Packet Type

NMRDH119 MIRO 71/1 Packet Subtype
NMRASTO01 - Global PID

NMRDSTO1  PID

NMRDSTO02  PctCategory

NMRASTO02 - Sequence Counts
NMRDSTO03  Source

NMRDSTO04  Counter

INCOMPLETE PACKET EVENT REPORT TELEMETRY

Description

This report is generated when failed to receive whole packet within time out
period (2 seconds for OBDH bus).
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7.1.20.2 Packet Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 EID-A Mandatory

Type 1 EID-A Mandatory

Data Field Header Flag 1 EID-A Mandatory

Application Process ID 7 EID-A Specified, 71

Packet Category 4 EID-A Specified, Event = 1

Segmentation Flags NMRDH111 2 EID-A Mandatory

Source Sequence NMRDH112 14 Zero initially, A separate counter is used

Count for each APID/Packet Category
combination (i.e., science, housekeeping,
memory dump, efc.)

Packet Length NMRAH112 16

Time NMRAH113 48 Defines the time that the acquisition of
the data within the packet was initiated. 4
bytes of seconds followed by 2 bytes of
fractional seconds.

PUS Version NMRDH115 3 EID-A Specified, Non-Science data

Checksum Flag NMRDH116 1 EID-A Mandatory

Spare NMRDH117 4 EID-A Mandatory

Packet Type NMRDH118 8 EID-A Specified, Telecommand
Verification = 1

Packet Subtype NMRDH119 EID-A Specified, Acceptance Failure = 2

Pad NMRDH110 8 EID-A Specified

Source Data 16 Detailed definition on following page

Incomplete Packet Event Report Source Data Definition

Data Element RSDB Name | Size (bits) | Value (binary) Comment

Global PID NMRASTO01 16
Sequence Control NMRAST02 16
Failure Code NMRAST03 16 1
Packet Service Info NMRAST04 16
Length in TC Header NMRAST10 16
Number of Received NMRAST11 16
Bytes

7.1.20.3 Expected values

A typical output is shown below.

Time

(Pkt Typ,

1139979.86552

(1,2)

STyp)

Data

0000 0001
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Issue: 4

Rev: 6

Date: 29 Mar 2011

7.1.20.4

7.1.21

7.1.21.1

RSDB Entries

Telemetry Packet: YMRSTO002 — Incomplete Packet
Telemetry Parameters: In table above.

Telemetry Parameters that have subparameters are listed below.

NMRAH111 - PckSeqCount
NMRDHI11  Segmentation Flag
NMRDHI112 MR 71/1 SourceSeqCount

NMRAH113 — DataFieldHdr PUS
NMRDH113 MIRO 71/1 Coarse time
NMRDH114 MIRO 71/1Fine time

NMRAH114 — MR71/1 DataFieldHdr PUS

NMRDHI110 Data field header pad
NMRDHI115 PUS version number
NMRDHI116  Checksum flag
NMRDHI117  Data field header spare
NMRDHI118 MIRO 71/1 Packet Type
NMRDH119 MIRO 71/1 Packet Subtype
NMRASTO01 — Global PID
NMRDSTO1  PID

NMRDSTO02  PctCategory
NMRASTO02 - Sequence Counts
NMRDSTO03  Source

NMRDSTO04  Counter

NMRAST04 — Packet Sequence Info
NMRDSTO05 TC Type

NMRDST06  TC Sub-type

INCORRECT CHECKSUM EVENT REPORT TELEMETRY

Description

This report is generated when a packet has an incorrect check sum.
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7.1.21.2 Packet Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 EID-A Mandatory

Type 1 EID-A Mandatory

Data Field Header Flag 1 EID-A Mandatory

Application Process ID 7 EID-A Specified, 71

Packet Category 4 EID-A Specified, Event = 1

Segmentation Flags NMRDH111 2 EID-A Mandatory

Source Sequence NMRDH112 14 Zero initially, A separate counter is used

Count for each APID/Packet Category
combination (i.e., science, housekeeping,
memory dump, efc.)

Packet Length NMRAH112 16

Time NMRAH113 48 Defines the time that the acquisition of
the data within the packet was initiated. 4
bytes of seconds followed by 2 bytes of
fractional seconds.

PUS Version NMRDH115 3 EID-A Specified, Non-Science data

Checksum Flag NMRDH116 1 EID-A Mandatory

Spare NMRDH117 4 EID-A Mandatory

Packet Type NMRDH118 8 EID-A Specified, Telecommand
Verification=1

Packet Subtype NMRDH119 EID-A Specified, Acceptance Failure = 2

Pad NMRDH110 8 EID-A Specified

Source Data 16 Detailed definition on following page

Incorrect Checksum Event Report Source Data Definition

Data Element RSDB Name | Size (bits) | Value (binary) Comment

Global PID NMRAST01 16

Sequence Control NMRAST02 16

Failure Code NMRAST03 16 2

Packet Service Info NMRAST04 16

Received Checksum NMRAST12 16

Computed Checksum NMRAST13 16

7.1.21.3 Expected Values

A typical output is shown below.

Time

(Pkt Typ, STyp)

1139979.86552

1,2)

Data
0000 0002
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Issue: 4

Rev: 6
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7.1.21.4

7.1.22

7.1.22.1

RSDB Entries

Telemetry Packet: YMRSTO003 — Incorrect Checksum
Telemetry Parameters: In table above.

Telemetry Parameters that have subparameters are listed below.

NMRAH111 - PckSeqCount
NMRDHI11  Segmentation Flag
NMRDHI112 MR 71/1 SourceSeqCount

NMRAH113 — DataFieldHdr PUS
NMRDH113 MIRO 71/1 Coarse time
NMRDH114 MIRO 71/1Fine time

NMRAH114 — MR71/1 DataFieldHdr PUS

NMRDHI110 Data field header pad
NMRDHI115 PUS version number
NMRDHI116  Checksum flag
NMRDHI117  Data field header spare
NMRDHI118 MIRO 71/1 Packet Type
NMRDH119 MIRO 71/1 Packet Subtype
NMRASTO01 — Global PID
NMRDSTO1  PID

NMRDSTO02  PctCategory
NMRASTO02 - Sequence Counts
NMRDSTO03  Source

NMRDSTO04  Counter

NMRAST04 — Packet Sequence Info
NMRDSTO05 TC Type

NMRDST06  TC Sub-type

INCORRECT APID EVENT REPORT TELEMETRY

Description

This report is generated when a packet has an incorrect application ID.
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7.1.22.2 Packet Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 EID-A Mandatory

Type 1 EID-A Mandatory

Data Field Header Flag 1 EID-A Mandatory

Application Process ID 7 EID-A Specified, 71

Packet Category 4 EID-A Specified, Event = 1

Segmentation Flags NMRDH111 2 EID-A Mandatory

Source Sequence NMRDH112 14 Zero initially, A separate counter is used

Count for each APID/Packet Category
combination (i.e., science, housekeeping,
memory dump, efc.)

Packet Length NMRAH112 16

Time NMRAH113 48 Defines the time that the acquisition of
the data within the packet was initiated. 4
bytes of seconds followed by 2 bytes of
fractional seconds.

PUS Version NMRDH115 3 EID-A Specified, Non-Science data

Checksum Flag NMRDH116 1 EID-A Mandatory

Spare NMRDH117 4 EID-A Mandatory

Packet Type NMRDH118 8 EID-A Specified, Telecommand
Verification = 1

Packet Subtype NMRDH119 EID-A Specified, Acceptance Failure = 2

Pad NMRDH110 8 EID-A Specified

Source Data 16 Detailed definition on following page

Incorrect APID Event Report Source Data Definition

Data Element RSDB Name | Size (bits) | Value (binary) Comment
Global PID NMRAST01 16
Sequence Control NMRAST02 16
Failure Code NMRAST03 16 3
Packet Service Info NMRAST04 16
7.1.22.3 Expected Values

A typical output is shown below.

Time

1139979.86552

(Pkt Typ, STyp)

1,2)

Data
0000 0003
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7.1.22.4 RSDB Entries

Telemetry Packet: YMRSTO004 Incorrect APID

Telemetry Parameters: In table above.

Telemetry Parameters that have subparameters are listed below

NMRAH111 - PckSeqCount

NMRDHI11  Segmentation Flag

NMRDHI112 MR 71/1 SourceSeqCount

NMRAH113 — DataFieldHdr PUS

NMRDH113  MIRO 71/1 Coarse time

NMRDH114 MIRO 71/1Fine time

NMRAH114 — MR71/1 DataFieldHdr PUS

NMRDHI110 Data field header pad

NMRDHI115 PUS version number

NMRDHI116  Checksum flag

NMRDHI117  Data field header spare

NMRDHI118 MIRO 71/1 Packet Type

NMRDH119 MIRO 71/1 Packet Subtype

NMRASTO01 - Global PID

NMRDSTO01  PID

NMRDSTO02  PctCategory

NMRASTO02 — Sequence Counts

NMRDSTO03  Source

NMRDST04  Counter

NMRAST04 — Packet Sequence Info

NMRDSTO05 TC Type

NMRDST06  TC Sub-type
7.1.23 INVALID COMMAND CODE EVENT REPORT TELEMETRY DEFINITION
7.1.23.1 Description

This report is generated when a telecommand contains an invalid command code.

7-84

DATA OPERATIONS HANDBOOK (TELEMETRY)



Reference: RO-MIR-PR-0030

mo ROSETTA Issue: 4 Rev: 6
Date: 29 Mar 2011
7.1.23.2 Packet Definition
Data Element RSDB Name | Size (bits) | Value (binary) Comment

Version Number 3 EID-A Mandatory

Type 1 EID-A Mandatory

Data Field Header Flag 1 EID-A Mandatory

Application Process ID 7 EID-A Specified, 71

Packet Category 4 EID-A Specified, Event = 1

Segmentation Flags NMRDH111 2 EID-A Mandatory

Source Sequence NMRDH112 14 Zero initially, A separate counter is used

Count for each APID/Packet Category
combination (i.., science, housekeeping,
memory dump, etc.)

Packet Length NMRAH112 16

Time NMRAH113 48 Defines the time that the acquisition of the
data within the packet was initiated. 4
bytes of seconds followed by 2 bytes of
fractional seconds.

PUS Version NMRDH115 3 EID-A Specified, Non-Science data

Checksum Flag NMRDH116 1 EID-A Mandatory

Spare NMRDH117 4 EID-A Mandatory

Packet Type NMRDH118 8 EID-A Specified, Telemetry Verification = 1

Packet Subtype NMRDH119 8 EID-A Specified, Acceptance Failure = 2

Pad NMRDH110 8 EID-A Specified

Source Data 16 Detailed definition on following page

Invalid Command Code Event Report Source Data Definition

Data Element RSDB Name | Size (bits) | Value (binary) Comment

Global PID NMRASTO1 16

Sequence Control NMRAST02 16

Failure Code NMRASTO03 16 4

Packet Service Info NMRASTO04 16

FC4_Par3 NMRAST14 16

FC4_Par4 NMRAST15 16

7.1.23.3 Expected Value
A typical output is shown below.
Time (Pkt Typ, STyp) Data
1139979.86552 (1,2) 0000 0004
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7.1.23.4

7.1.24

RSDB Inputs

Telemetry Packet: YMRSTO005 — InvalidCmdCode

Telemetry Parameters: In tables above

Telemetry Parameters that have subparameters are listed below.

NMRAH111 - PckSeqCount
NMRDHI11  Segmentation Flag
NMRDHI112 MR 71/1 SourceSeqCount

NMRAH113 — DataFieldHdr PUS
NMRDH113 MIRO 71/1 Coarse time
NMRDH114 MIRO 71/1Fine time

NMRAH114 -

NMRDHI110
NMRDHI115
NMRDHI116
NMRDHI117
NMRDHI118
NMRDHI119

NMRASTO01 -

NMRDSTO1
NMRDSTO02

NMRASTO02 -

NMRDSTO03
NMRDSTO04

NMRAST04 -

NMRDSTO05
NMRDSTO06

MR?71/1 DataFieldHdr PUS
Data field header pad

PUS version number
Checksum flag

Data field header spare
MIRO 71/1 Packet Type
MIRO 71/1 Packet Subtype

Global PID
PID
PctCategory

Sequence Counts
Source
Counter

Packet Sequence Info
TC Type
TC Sub-type

ADDITIONAL ROSETTA TELEMETRY RELEVANT TO MIRO

NMRASDTA - MIRO SDT SAMP
NMRASDTB — MIRO SDT SAMP Redundant
NMRATO002 - PAY413 — MIRO Temp 2B
NMRATI101 - PAY414 — MIRO Temp 1A
NMRATI102 - PAY412 — MIRO Temp 2A
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8.2

8.3

USE OF THE EQM AFTER LAUNCH

PLAN

The EQM was taken back to JPL after launch and installed in a testbed facility at
JPL. The EQM is located in Bldg 233-100 at JPL. The testbed facility includes the
entire instrument, S/C simulator, and GSE. The EQM is mostly functional,
however the optics and phase lock loop need additional work to bring the system
to the fully operational point. The wire grid diplexer is not installed because of its
sensitivity to handling. The testbed facility contains original documentation and
spare parts. The telescope is in the facility but not installed on the instrument. The
EQM has does not have 100% fidelity with the hardware flight instrument,
however it is very close. The software installed on the testbed has 100% fidelity.

The plan for EQM testbed is to use it for trouble shooting the flight instrument,
and for checking out software, and telemetry commands including patches. The
testbed has already been used to checkout flight software and patches.

It is the intention of the PI to maintain this facility throughout the Rosetta
mission, consistent with the available funding and facility itself. It is not the
intention to keep the facility at the 100% operational level.

At the request of ESA, the MIRO testbed facility can be used to troubleshoot
problems that are brought to the attention of the PI.

REQUIREMENTS

There are no special requirements on the testbed. The intent is to keep the EQM in
reasonable ready state to be able to trouble shoot the flight instrument. Thus far,
this has entailed maintaining an operational flight like computer and power on
capability. The optics are not required to be fully functional.

REQUIREMENTS FOR ESA MANPOWER

None required.
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9.2

9.2.1

SCIENCE DATA

INTRODUCTION

This chapter is intended to be a reference for users of MIRO science data. It is
being introduced in Version 4.5 of the Users Manual with just a few monographs
addressing topics of interest. It is expected to grow rapidly in later versions, and
eventually will present a summary of the following topics:

» Science data products

o Beam pattern

o Pointing

» Radiometric calibration

o Spectral calibration

o Spatial calibration ("geolocation")

o Pipeline data processing

» Special data processing

o Data quality flags.

ANTENNA TEMPERATURE

Some of MIRO’s measurements are reported as an antenna temperature. To
understand the meaning of this quantity, it is first necessary to define what is
meant by antenna temperature and then to derive an expression for the antenna
temperature produced by the MIRO instrument when viewing a thermal
calibration target.

DEFINITION OF ANTENNA TEMPERATURE

Antenna temperature is used by the MIRO experiment as a measure of the power
delivered by the telescope (when viewing an object) to the millimeter and
submillimeter receivers. This units change from Watts to Kelvin is accomplished
by defining the antenna temperature as the received power (P, in Watts) received
from the source of emission, divided by the bandwidth (dv) of a receiver channel
and the Boltzmann constant, k.

P
kdv

Note that we are not making the Rayleigh-Jeans approximation (which involves a
linear relation between brightness and physical temperature). Equation 1 is a
definition of antenna temperature regardless of whether the Rayleigh-Jeans law is
valid or not.

T, = Eq. 1

The response of the MIRO instrument is linear for the power levels it is expected
to encounter. In that case there is a simple relation between antenna temperature
and the raw instrument counts that are reported. We use this fact later, but for ease
of reference we state it here mathematically as:
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9.2.2

D
T, = G T, Eq. 2
where D is the counts reported by the instrument when observing a source, and G
and T, are calibration coefficients (gain and offset, respectively) determined from
measurements of MIRO’s calibration targets. Gain has units of counts/K, and T,
is in K.
ANTENNA TEMPERATURE OF MIRO CALIBRATION TARGETS

The millimeter and submillimeter MIRO radiometers are both heterodyne
receivers having a single polarization receive capability. When viewing a source
of radiation with brightness B(6, ), the radiometers receive a power (P) in
bandwidth Av equal to

1 v+AV

p=_4. [ $hB000P,00) d2dv
Q

14

Eq.3
where
A, =effective area of antenna

B(6,¢) = brightness of source, Watts m™ Hz"' rad™

P,(6,¢4,v) = normalized power pattern of antenna, dimensionless
dQ = sin(@) ddd¢ = element of solid angle, rad’

The factor of 1/2 is introduced to account for the single polarization of the MIRO
receivers at both wavelengths, and making the assumption that the energy emitted
by whatever we are observing, B(0,9), is equally split between the polarizations.

To determine the antenna temperature calibration scale for MIRO, a three position
switchable mirror can direct the input of the receivers to either the sky, a warm
calibration target, or a cold calibration target. The temperatures of the two
calibration targets are measured using platinum resistance thermometers. When
viewing the calibration targets, their brightness does not vary strongly over the
bandwidth of the MIRO receivers nor does it vary strongly over the beamwidth.
In that case we can integrate Eq. 3 over frequency and solid angle and write for
the power received by the MIRO receivers

hv* 1
P:Ae( 2 J TdV‘QA
e —1

C

where

Q, = <ﬁ>PN (6,)d Q2 =beam solid angle,
(2]

h = Planck constant
k = Boltzmann constant
v = observation frequency

T = physical temperature of the hot or cold calibration target.
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9.2.3

In this expression for the power, we have substituted the Planck brightness
function (as a function of the physical temperature) for the brightness. An
important detail to note is that at millimeter wavelengths, the MIRO cold
calibration target does not completely fill our beam. This requires us to apply a
correction factor which is discussed in MIRO Technical Note 3170, but it is
neglected for the tutorial presented here.

We next make use of a relation among antenna effective area, beam solid angle,
and the observing wavelength:

2
C

AQ, =1 ==
v

which can be derived from equilibrium considerations as discussed in Wilson et
al. 2009 (Tools of Radio Astronomy, 5th edition, published by Springer).
(Intuitively, one can see that a relation like this is plausible given that for a
circular dish collecting area goes as radius squared while the diffraction limited
beam size goes as (A/radius)’.) Inserting this expression into the equation for
received power (assuming no losses), we can write for the received power per
Hertz of the calibration target

h
P/dv = T—Vl Watts Hz™!

h
eka

The power received from the calibration target, expressed as an antenna
temperature, can now be written as

1 hv X
T, = —— =T Eq. 4
A kehv/kT _ 1 (ex_l) q
where
hv
X = —
kT

This equation for Tx gives the power received from a calibration target but not the
antenna temperature from an observed source. To determine the temperature from
an observed source, the gain of the receiver needs to be calibrated using the
calibration targets and sky, or some combination of the three.

ANTENNA TEMPERATURE OF A SOURCE OF EMISSION

The MIRO receiver uses a square law detector to measure power. The output of
the detector is in counts. In general, the counts are proportional to the sum of the
receiver noise power and received power from observed source. When viewing
the warm and cold loads, the receiver gains can be calculated from the
expressions (see Eq. 2)

D
Ty = 2T
AW G o
D
T = —<-T
AC G o
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Subtracting the two above equations and solving for gain we find
D, — D,
TAW o TAC

Gain = G = Eq. 5
where Dyw and Dc are the digital counts from the receiver when viewing the warm
and cold calibration targets respectively, and Taw and Tac are the antenna
temperatures produced by the warm and cold targets respectively, computed from
the expressions (Eq. 4)

1 hv
TAW = EehWkTw -1

1 hv
TAC = Eehvlch -1

The units of G are in counts per K (antenna temperature). Since receiver noise
power is included in Dy and D¢, it is removed by taking the difference in the
numerator.

In order to compute the antenna temperature of the source, it is necessary to
define a reference. For example, if we take the reference to be the number of
counts when viewing the warm load (Dy), and D the number of counts when
viewing the source, then

D-D
Mw="g"

is the difference in antenna temperature between the source and the warm load.
The difference can be positive or negative depending on whether the source is
stronger or weaker than the signal power from the warm load. As noted above, the
receiver noise power is removed in the subtraction process.

Since the antenna temperature from the warm load is Taw the antenna temperature
of the source can be written as

Tpee = Tow + AT,y

Asource
An alternative expression which uses the cold load as the reference is
T =T, + AT,

Asource

Generally we try to use the reference for which AT is a minimum. This keeps the
interpolation step size to a minimum. Comparing the above expressions to Eq. 2,
we can see that the calibration coefficient G is given by Eq. 5, and T, can be
expressed as either

DW
° G

or, equivalently,

_nw
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9.2.4

D,

=
Having both warm and cold load calibration targets allows MIRO to be calibrated
even if the boresight is on the target for a long period of time and no “oft”
measurements are available. Where “off” measurements are available, the gain
can be calculated from either of the two additional equations below, where Dogr is
the count when observing empty sky and we assume the antenna temperature of
empty sky is due to Planck emission from the Cosmic Microwave Background
(CMB) at 2.73 K. (Using Eq. 4, the antenna temperature of the CMB, Tscmb, 1S
about 0.3 K in MIRO’s millimeter channel, and 1.5E-3 in the submillimeter.)

_7;40

Dy, - D
Gain = G = — Y —0OF

TAW - TAcmb
or

D.-D
Gain = G = ———9%%

TAC - TAcmb

And these gains can be used to determine antenna temperature with
D-D
AT o = O
G

Asource = TAcmb + ArI‘AOFF
RELATIONSHIP OF ANTENNA TEMPERATURE TO PHYSICAL TEMPERATURE

Previously we noted that the antenna temperature from a blackbody (emissivity =
1) target at temperature T, which fills the telescope beam, could be written as

1  hv X
T, = —F—— =T
A kehv/kT _ 1 (ex _1)
where
hv
X= —
kT
The series expansion for T, is given by
X 1
T,=T(l-=+ —x*-..
4= T D )
T,=T- xT + L Tx* -..)=T - Delta
2 12
where

Delta= (XL - L ¢ 1)
2 12
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9.3
9.3.1

In the limit where x << 1, TA converges to the physical temperature, T, of the
target. This is the previously mentioned Rayleigh-Jeans limit, appropriate for low
frequencies and high temperatures. This approximation is not valid at the high
frequencies and low physical temperature of objects MIRO typically observes,
nor are the objects being looked at perfect blackbodies. For this reason, the
antenna temperature of an object, even if it fills MIRO’s beam, is different than
the physical temperature.

The table below shows how the antenna temperature deviates from the target
physical temperature for the two frequencies used in the MIRO experiment and
for a range of temperatures that the MIRO experiment will be viewing. The
parameter x is substantially different from zero under these conditions. It is
absolutely necessary to use the full expression (or the series expansion) for P/dv
to relate it to physical temperature. It can be noted that for physical temperatures
~50 K and above, the antenna temperatures at 190 GHz and 556.9 GHz are lower
than the physical temperatures by about 4.5 K and 12—13 K respectively.

Table 9.2-1: Representative Differences between Physical
and Antenna Temperatures

Frequency T-TA
(GHz) T=27K T=50K | T=100K | T=150K | T=300K
190 2378 4.421 4.490 4513 4536
556.9 2,699 12479 12.769 12.967 13.165

A final thing to keep in mind when interpreting antenna temperatures is that they
are based on the full field of view of the instrument. If an object that fills our
beam yields an antenna temperature of 300 K, that same object filling only half of
our beam would result in an antenna temperature of 150 K.

SPECTROMETER BAND LOCATIONS
INTRODUCTION

The MIRO instrument is designed to simultaneously detect 8 different spectral
lines whose rest frequencies are spread across 32 GHz (from an H,'*O line at
547.7 GHz to a CH3OH line at 579.2 GHz). In order to fit all 8 lines into the 180
MHz bandwidth (4096 channels) of the MIRO spectrometer, the submillimeter
receiver contains a series of mixers, amplifiers, and filters that take a spectral
region approximately 20 MHz wide around each of the targeted lines, and places
them “‘side-by-side” within the bandpass of the spectrometer. See Section 1.2.2.4
of the MIRO Users Manual for details of how this is done. Section 9.4 of the
Users Manual provides equations that relate the true “sky frequency” of spectral
features observed to the frequency and channel number at which it appears in the
spectrometer. In this section, we will typically use only spectrometer channel
number or frequency at the input to the spectrometer (referred to as the inter-
mediate frequency, or IF), instead of trying to refer back to the sky frequency.
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9.3.2

Given that the 8 spectral lines being studied have different signal paths into the
spectrometer, creating different performance statistics and calibrations, it is
convenient to refer to 8 different “bands” within the spectrometer, each associated
with a different spectral line. The best way to define each of these bands depends
on the intended use. For this reason, MIRO commonly uses three different ways
of defining band boundaries. This section summarizes how bands are defined for
each approach.

BANDS DEFINED BY IF FILTERS

These band boundaries are appropriate to use when one is interested in knowing
from what sky frequencies most of the observed power is coming. These bands are
specified by IF frequency, as that is the parameter defining the filters.

The MIRO spectrometer takes as input frequencies in the range of approximately
1260 to 1440 MHz (the exact frequencies being temperature dependent, as
described in Section 9.4). The Intermediate Frequency Processor, or IFP, places
the 8 spectral lines of interest across this frequency range as described in Section
1.2.2.4. To minimize noise from one spectral region of interest interfering with
the signal from a neighboring spectral region, the IFP contains relatively narrow-
band ceramic filters placed just before the 7 signal paths through the IFP are fed
to the spectrometer. See Figure 1.2-6; the filters referred to are near the right side
of the figure, just before the power combiner. Note that there are only 7 filters but
8 spectral lines are observed. This is because the IFP design places two spectral
lines side-by-side at IF, allowing a single filter to pass both.

Figure 9.3-1 shows the normalized transmission of each filter as a function of IF
(the black solid lines). For reference, it also shows the emission from the targeted
spectral lines (blue dashed lines) for a simple comet model. The model is
described in detail at the end of this section. Each molecule’s line appears twice
due to frequency switching, with the plus 5 MHz setting shown as short dashes,
the minus 5 MHz setting shown as long dashes. Labels identify each species
observed.

If every sky frequency observed by MIRO contained the same amount of power,
and the instrument were perfectly calibrated, the points at which the normalized
transmission of each filter are equal would mark the boundaries between bands.
The equations of Section 9.4 could then be used to calculate the sky frequency
from which most of the emission is coming within each band. These cross-over
points are listed in Table 9.3-1. See MIRO Technical Note TN3067 for additional
discussion of this. The pseudo-SNR approach discussed in that document yields
cross-over points identical to those given here to within 0.1 kHz.
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Figure 9.3-1: IFP narrow-band filter transmission functions and
representative spectral lines.
Table 9.3-1: Band Boundaries Defined by the IFP Narrow-Band Filters.
H.0 H.'70 Me1103 H.'®0
BAND
Low High Low High Low High Low High

IF Freq. (MHz)

0 1290.0259 | 1290.0259 | 1309.9692 | 1309.9692 | 1329.9922 | 1329.9922 | 1349.9764

co Me87 NH; / Me542
BAND
Low High Low High Low High
IF Freq. (MHz) 1349.9764 1378.9721 1378.9721 1398.9950 1398.9950 0

In the above table, note that the lowest and highest frequencies are listed as 0 and
infinity. This is because there is no adjacent filter to “cross-over” on the low and
high sides of the spectrometer input. Instead, the IF frequency associated with the
first and last spectrometer channel—as calculated using expressions in Section
9.4—should be used for band boundaries. Those frequencies are temperature
dependent, but the low- and high-frequency limits will be near 1260 and 1440
MHz, respectively.
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9.3.3

For future reference, the model spectra shown in Figure 9.3-1 assume a
spherically symmetric nucleus and coma, producing 1.0 x 10*® water molec/sec
moving radially at 1 km/s. The nucleus radius is 1 km, and the instrument line-of-
sight is taken to be limb-sounding the nucleus (impact parameter 1.2 km) from
1000 km away. Coma gas temperature (kinetic and excitational) is 100 K. The
abundance of the species, relative to water, is assumed to be:

H,"O0 = 40x10*
H"% = 20x10°
CH;OH = 0.04
CO = 0.05
NH; = 0.0l

The brightness temperature plotted is a Rayleigh-Jeans temperature. These model
calculations were made in 1999 using radiative transfer software originally
developed by R. Redman and modified by M. Hofstadter.

BANDS DEFINED FOR PERFORMANCE MONITORING

These bands are used when one desires to identify spectrometer channels that are
associated with one of our targeted spectral lines, but whose signal comes from
only one path through the IFP. This selects channels with the most accurate
calibration and whose signal comes from well-defined sky frequencies. These
bands are specified by spectrometer channel number.

In Section 9.3.2 we defined bands based upon the idealized case of a spectrally
uniform signal and perfect calibration. In almost all observational situations those
conditions are not met. This is particularly true near the IF filter cross-over
points, where power may be coming from either of two signal paths through the
IFP. For this reason some of the MIRO data analysis software focuses only on
channels likely to contain a targeted line but well-away from the filter cross-over
points shown in Figure 9.3-1. For example, we track the mean and rms values
within each band-center when looking at one of our calibration loads as a quick
check of performance.

Table 9.3-2 lists band boundaries typically used for this type of performance
monitoring. The limits are somewhat arbitrary, and changes of 10 channels

(~0.4 MHz) are unlikely to be significant. Note that 8 bands are defined, unlike
the filter-based bands described in the previous section. This allows us to monitor
channels associated with each of the 8 targeted spectral lines. Note that
spectrometer channel number increases as frequency decreases, so the lowest IF
frequency band (containing the H,O line) has the highest channel numbers. Note
also that spectrometer channel numbers are zero-based.
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Table 9.3-2: Performance Monitoring Bands
H.0 H.'70 Me1103 H.'®0 co Me87 NH; Me542

Low| Hi |[Low| Hi |[Low| Hi [Low| Hi [Low| Hi |[Low| Hi |Low| Hi |Low | Hi

Band

Channel
(Zero- 3769 [ 4024 | 3069 | 3324 | 2637 | 2892 | 2197 | 2452 | 1665 | 1920 | 1073 | 1328 | 669 | 924 | 253 | 508
based)

The channel numbers in Table 9.3-2 assume one is considering a full-resolution
spectrum, which is the default output of MIRO. The instrument can be
commanded to do on-board spectral smoothing and then return fewer than 4096
channels. See Section 6.1.2.1.4.2 for a description. When looking at smoothed
spectra, the above channel numbers should be adjusted accordingly.

9.3.4 BANDS DEFINED FOR ON-BOARD DATA COMPRESSION

These bands are used by the on-board software as part of MIRO's data
compression scheme, and should be transparent to the average user.

One of the ways MIRO’s on-board software compresses the spectrometer data for
downlink is to divide each spectrum into bands based on channel number, which
are roughly aligned with the filter cross-over points of Section 9.3.2. Only the 12
most significant bits used in a band are reported for each channel of that band.
Details of this are described in Section 6.1.5.7. Table 9.3-3 lists the band
boundaries used for this purpose. Note that channel numbers are zero-based.

Table 9.3-3: On-Board Data Compression Bands

H.0 H,'70 Me1103 [ PR0) co Me87 NH; / Me542
Band (Band 6) (Band 5) (Band 4) (Band 3) (Band 2) (Band 1) (Band 0)

Low | Hi [Low| Hi |Low | Hi |Low | Hi |Low | Hi | Low | Hi | Low | Hi

Channel
(Zero- 3371 | 4095 | 2916 | 3370 | 2458 | 2915 | 2002 | 2457 | 1339 | 2001 | 881 | 1338 | O 880
based)

The channel numbers in Table 9.3-3 assume one is considering a full-resolution
spectrum, which is the default output of MIRO. The instrument can be
commanded to do on-board spectral smoothing and then return fewer than 4096
channels. See Section 6.1.2.1.4.2 for a description. When looking at smoothed
spectra, the above channel numbers should be adjusted accordingly.
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9.4
9.4.1

MAPPING SKY FREQUENCY TO SPECTROMETER CHANNEL NUMBER
INTRODUCTION

The submillimeter (smm) receiver on MIRO includes both a broadband
continuum channel and a high resolution spectroscopic backend that utilizes a
Chirp Transform Spectrometer (CTS). Spectral Power data from the CTS are
recorded and presented by a channel number running from 0 to 4095. In this
section, we will describe how spectral power at the input frequencies are mapped
into channel numbers at the output of the CTS.

LNA

CTS
Mixer

RF Input
- » >—> IFP

Power Spectrum
Output - Channels

O 0 to 4095

LO

Figure 9.4-1: The basic elements of the smm heterodyne receiver system.

The RF Input from the telescope is combined with the Local Oscillatory (LO)
signal at frequency fj, in the Mixer. The mixer down-converts the RF Input signal
to an intermediate frequency (IF) signal which is then fed into a low noise
amplifier (LNA). The signal at the 1* IF frequency, fi, arises from signal
frequencies both greater than and less fj,, namely (fj, - fir ) and (i, + fir ).
Receivers whose first IF frequencies contain RF signal frequencies both greater
than and less than the LO frequency are called Double Sideband receivers. It is
common to say that the RF spectrum has been folded. The important point to
remember is that a single frequency in the IF spectrum originates from two
different frequencies in the RF spectrum. In the MIRO receiver, the IF spectrum
covers a frequency range from 5 GHz to 16 GHz. The overall frequency coverage
in the RF is 22 GHz, divided between two frequency bands.

Following amplification, the IF signal is fed into a complex processor module
called the Intermediate Frequency Processor or IFP. The IFP extracts small
frequency segments from the IF band and shifts their frequencies so that all of the
frequency segments are contiguous and covering ~180 MHz. The frequency
segments are chosen to contain the 8 spectral lines of interest for the MIRO
instrument. The 8 spectral lines are given in Table 1.1-1 and repeated below.
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9.4.2

Table 9.4-1: The Eight Molecular Transitions Observed by MIRO

Species Frequency (MHz) Transition
Water
H,'60 556936.002 1(1,0)-1(0,1)
H,'"0 552020.960 1(1,0)-1(0,1)
H,'80 547676.440 1(1,0)-1(0,1)
Carbon Monoxide
CO 576267.9305 J(5-4)
Ammonia
NH; 572498.3784 J(1-0)
Methanol
CHsOH 553146.296 8(1)--7(0)E
CH;0OH 568566.054 3(-2-2(-1)E
CHsOH 579151.005 12 (-1)-11(-1) E

The output frequency band from the IFP is fed directly into the CTS where the
spectral power in the 180 MHz band is determined and output in each of the 4096
channels or bins of the CTS. To determine how RF spectral power at the input to
the telescope is mapped into channel numbers at the output of the CTS, it is
necessary to know the mapping algorithms used in the 1) heterodyne receiver,

2) the IFP, and in the CTS. Items 1 and 2 can be lumped together into a single

algorithm for each band.

ALGORITHMS TO CONVERT RF FREQUENCY BANDS TO THE IFP oUTPUT

FREQUENCIES

The frequency conversions used in the MIRO receiver are accomplished using a
fixed local oscillator frequency and three synthesizer frequencies, all locked to the
ultra stable oscillator on USO. Table 9.4-2 gives the frequencies used.

Table 9.4-2: Frequency Oscillators Internal to MIRO

SCIENCE DATA

Frequency
Name (GHz) Note
LO 562.813 Local Oscillator Frequency (LO)
S1 2.182 IFP Synthesizer #1
S2 7.147 IFP Synthesizer #2
S3 7.728 IFP Synthesizer #3
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Table 9.4-3 provides the primary list of molecules targeted in the MIRO
experiment and RF frequency ranges mapped into the output of the IFP.

Table 9.4-3: RF (Sky Frequencies) Targeted by MIRO

Line Center

RF Band

ID# | Molecule Frequency (MHz) (MHz) Notes
1 |H2-160 556936.002 556916.00 556956.002
1 568670.000 568710.000 Image Band
2  |H2-170 552020.960 552011.960 552031.960
2 573594.040 573614.040 Image Band
3 |ME-1103 579151.005 579141.003 579161.003
3 546464.997 546484.997 Image Band
4 |H2-180 547676.440 547666.440 547686.440
4 577939.560 577959.560 Image Band
CO 576267.931 576253.431 576282.431
549343.569 549372.569 Image Band
6 |MES87 568566.054 568556.055 568576.055
6 557049.945 557069.945 Image Band
NH3 572498.068 572468.433 572509.433
553116.567 553157.567 Image Band
8 |MEb542 553146.296 553116.567 553157.567
8 572468.433 572509.433 Image Band
9-13
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9.4.3

Table 9.4-4: RF (Sky Frequencies) to IF Frequency

D # RF Bands Algorithm to Map RF frequencies (GHz) into
(MHz) CTS input frequencies (GHz)
1 556916.002 556956.002 | ABS(S2-ABS(freg-LO))
1 568670.000 568710.000
552011.960 552031.960 | ABS(S3-ABS(2*S1-ABS(freq-LO)))
573594.040 573614.040
3 579141.003 579161.003 | ABS(S3-ABS(2*S1+ABS(S2-ABS(S2-ABS(freq-LO)))))
3 546464.997 546484.997
4 547666.440 547686.440 | ABS(S2-ABS(S1-ABS(S2-ABS(freg-LO))))
4 577939.560 577959.560
5 576253.431 576282.431 | ABS(S3-ABS(2*S1-ABS(freq-LO)))
5 549343.569 549372.569
6 568556.055 568576.055 | ABS(2*S1-ABS(freg-LO))
6 557049.945 557069.945
7 572468.433 572509.433 | ABS(S3-ABS(S3-ABS(2*S1+ABS(freq-L0O))))
7 553116.567 553157.567
8 553116.567 553157.567 | ABS(S3-ABS(S3-ABS(2*S1+ABS(freg-RLO))))
8 572468.433 572509.433

ALGORITHMS TO CONVERT CTS CHANNEL NUMBER INTO IF INPUT FREQUENCY

The CTS uses SAW devices and these are temperature dependent. The SAW
devices have been calibrated by injecting signals of a given frequency into the
CTS and observing the output channel as a function of the SAW device
temperature. A MIRO Technical Memo (authored by S. Gulkis and C. Backus)
describes the resultant algorithm which is summarized here.

The IF input frequency (F in MHz) corresponding to a given channel number

using the equation

F=aT +bN +cNT+d
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where

F = IF input frequency in MHz,
T = temperature of the SAW devices specified in the MIRO data base as

N = Bin or Channel number ranging from 0 — 4095.

spect_tl,

a, b, ¢, and d are fitted parameters given in the following table.

Table 9.4-5: Parameters Relating CTS Channel to Frequency

Parameter Units Value Std Error
a MHz per deg C -0.0996154 2.0E-4
b MHz per Channel -0.0443027 4.2E-6
c MHz per (Channel-deg C) 7.66259E-6 8.9E-8
d MHz 1443.27
9.4.4 ALGORITHM TO CONVERT CTS INPUT FREQUENCY TO RF FREQUENCY
In order to convert the CTS input frequency to the RF frequency, we first have to
divide the 4096 channel band into 8 bands.
When the SAW temperature is 67.9 C, the band boundaries for the 8 bands are
given in Table 9.4-6. The table also lists the center frequency of each band in the
CTS input frequency and RF frequency.
For each band, the equation to convert the CTS input frequency to the RF
frequency is given as follows:
RF(N, T) = [FguzN, T) — IFcenter(N, T)]*direction + RF cenger
where RF(N,T) is the RF frequency, F(N,T) is the CTS input frequency in GHz,
IFcenter (N, T) is the CTS input center frequency of the band, and RF ceper is the RF
center frequency of the band.
Table 9.4-6: Band boundaries, RF and IF Center Frequencies, and Direction
Factor for Conversion Between the IF and RF Frequency
RF Center IF Center Lower Upper T
Band Molecule (GHz) (GHz) Channel Channel Direction
1 H.'¢0 556.936 1.270 3388 4095 1
2 H,'"0 552.022 1.301 2924 3306 1
3 CHsOH 579.151 1.320 2457 2843 -1
4 H,'®0 547677 1.339 2018 2399 1
5 CO 576.288 1.363 1359 1933 1
6 CH30H 568.566 1.389 881 1263 1
7 NH3 572.498 1.407 7 1263 -1
8 CH;OH 553.146 1.425 0 77 1
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