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The following sections describe the RPI Measurement Control Tables and System Configuration settings which determine the measurement parameters during RPI runs, specify order and spacing between individual runs, and set operating limits for RPI hardware sensor readings. 
1 Measurement Programs, Schedule Tables and  Schedule Start Times

Most of the operation of the RPI instrument is scheduled and controlled by the contents of three Control Data Structures residing in the RPI computer memory: 

· 64 Programs

· 32 Schedules

· 256 Schedule Start Times (SST)

The RPI Control Data Structures, called collectively ‘PROGSCHD’, specify the types of measurements that RPI will make, and when and where they will be made.  The PROGSCHD data structure resides in memory in the SC7 computer (the RPI’s CPU board which contains the C30 digital signal processor) and is stored in non-volatile EEPROM memory on the CPU board such that it can be loaded at power-on.  The contents of the data structures can be changed by uploading a new data set from the ground control station (specifically the ASIST terminal) using the ‘Upload Memory Block’ protocol and data package described in the ICD. However, these updates can only be done infrequently (maximum of once per orbit) and should be done as seldom as possible due to manpower costs at the ground control station.  Therefore the PROGSCHD structure is designed to specify a set of measurements running in periodic cycles which once set up, can run indefinitely, but runs with its maximum flexibility with only one update per week.

A quick reference diagram for the RPI Control Data Structures is given in Figure 1.0-1 and shows that these control tables consist of:

64 Measurement Programs (or just “Programs”), where a specific program is a set of measurement parameters that accomplish a specific scientific objective.

32 Schedule Tables (or just “Schedules”), containing 60-entry locations to specify which program to run at the time associated with each entry location

256 Schedule Start Times (SSTs), which specify times to start a new Schedule (i.e. a set of measurements).


Figure 0‑1
RPI Control Data Structures

The automatic operations of the RPI instrument are controlled by four levels of logic:

1.  Measurement Programs – There are 64 programmable measurement parameter tables, often referred to as “Programs”. They are designated as programs 1 through 64. One Program determines all the details of the measurement to be made by specifying 21 parameters that define the measurement designed to accomplish a specific scientific objective. The measurement parameters are defined in detail in the next section.

Storage requirements: 64·51=3264 bytes.

2.  Schedule Tables – Each Schedule Table determines number, particular order and spacing between measurement runs in a temporally periodic fashion. One Schedule specification covers a certain period of time called the Schedule Repetition Period; RPI follows the currently active Schedule in a loop. The indefinitely long period of cycling of these schedules is a useful feature, as it reduces the onboard memory requirements and uplink traffic required to upload new Schedules.

A Schedule Table contains 60 entries, where each entry may specify the start of a particular measurement program. The entries are spaced by “T” seconds, where T, the Entry Interval, is specified by the first byte in each Schedule Table. An Entry Interval can be specified from 1 sec to 240 sec, so that Schedule Repetition Period varies from 1 minute to 240 minutes (4 hours).

The measurement runs specified in any given Schedule will repeat each T minutes (because there are 60 entries the Schedule Repetition Period of T minutes is automatically 60 times the Entry Interval of T seconds) unless another Schedule is activated before T minutes have elapsed. The entry locations, 0 through 59, represent elapsed time from activation of the table (the SST), where each entry location is (T·entry#) after the SST.  To better fit measurements into a Schedule, each entry specifies an offset time in seconds which delays the actual start from the nominal time (T·entry#). Thus, each schedule entry contains program number and offset time.

Unused entries of Schedule Tables are filled with (0,0) value to indicate that no program is schedule to run at those times.

Assigning programs into schedule entries requires special care. The duration of a measurement program can vary widely, depending on the specified program parameters. These “run times” have to be carefully considered and a means of viewing timing conflicts has been provided in the schedule editing program (edrpi.exe).   

The Schedules are designated as Schedules 1 through 32. 

NOTE: This scheme allows the operator to specify a set of measurements that can repeat at a flexible “Schedule Repetition Period” which is always an “Entry Interval” (the interval between entries to the Schedule) times 60. Note that the schedule repetition period is not the interval between measurements.  If a measurement is to be run more than once per schedule period, multiple entries can be made.  Further, the multiple programs can be run on multiple repetition intervals as long as the schedule period is a common multiple of all the sub-intervals.  An example would be to make the entry interval equal to 2 sec and run three programs, one on a 120 sec interval (requires a single entry), one on a 60 sec interval (requires 2 entries) and one on a 30 sec interval (requires 4 entries). 

Storage requirements: 32·(60·2+1)=3872 bytes.

3.  Schedule Start Times (SSTs). The SST Table controls which schedule (out of possible 32) is active at any particular time. The SST table works as a queue, with the start time of the currently active schedule at the top followed by all pending requests for Schedule changes in chronological order.

256 SSTs can be queued up in the SST Table.  Each SST consists of five bytes, the first four specifying a start time in terms of MET, and the last byte specifying the number of the schedule which should take control at that time. The currently active schedule is the one with the most recent time tag.  The current SST is retained at the top of the queue until it is replaced by the next active SST. 

Assuming weekly updates of the start times, 256 SSTs allow specification of at least 20 different schedules per orbit. 

Schedule 0 (“no-op”) can be specified as an entry in the SST Table to switch RPI into a stand-by mode (no measurements).

Storage requirements: 256·(4+1)=1280 bytes.

4.  Three Default Schedules. The absence of SSTs in the queue will trigger a default condition after one orbit has been completed under the currently active SST. If valid orbital position data are available from the CIDP’s Periodic Message (which is normally delivered every two minutes) the default schedules will switch between Schedule 31 for low altitude measurements (i.e. near perigee) and Schedule 32 for high altitude measurements, switching automatically as the S/C passes through altitude 4 Re.  In the unlikely event that no position data is available, Schedule 30 will be used.  NOTE: If a schedule is to be run for more than one orbit it is necessary to enter a much later SST along with it, so that the default doesn’t take over.

Total storage requirements for PROGSCHD structure 3264+3872+1280 = 8416 bytes.

Rationale for this Scheduling Mechanism
When a measurement program is devised it is specifically designed for a certain plasma regime, such as near apogee, or near the cusp, or within the plasmasphere etc. The scheme allows unique Schedule Start Times, which are defined in MET, to be programmed from the ground with the intent that at least one week of operation can be queued up with a single uplink (i.e. 256 or fewer SSTs are needed).  This allows the switchover from one Schedule to the next to occur at the precise moment that we predict the plasma regime will be changing due to progress of the spacecraft along the orbit.  Specifying only the times at which to switch Schedules, and keeping the same sets of Schedules and Programs from orbit to orbit, reduces the volume of special instructions that need to be uplinked via telemetry.  Furthermore, the reuse of the same Programs and Schedules minimizes memory storage requirements.  Another feature of this scheme is that the time scale of the measurement operations changes drastically from a very leisurely pace near apogee to a frenetic pace near perigee and the addition of an “entry interval” provides the flexibility to handle this wide range of scheduling requirements.

1.1 Schedule Tables

32 Measurement Schedules are arranged as follows:

Table 1.1‑1
Schedule Tables
Byte Count
Schedule #
Entry #
Content


NOTE:  Entry 0 starts at the Schedule Start Time (SST) Specified in Table 1.3.  Each successive entry represents the SST + (Entry# * Interval).  However, the Schedule can repeat after 60*Interval 

if not replaced by a new schedule due to another SST.  NOTE that this repetition interval is exactly  “Interval” minutes, since “Interval” is entered in sec.  

0
1
Interval
Seconds between Entries, in the range of 1-255.  240 (i.e. 4 min) is probably the highest practical interval, making a 4hr table.

1
1
Entry 0
Program #  (0-64) 

2
1

Start offset in seconds ( range 0-240 i.e. )


1
Entry # 1
Program #


1

Start offset in seconds

 .....
.....
...
...


1
Entry # 59
Program #

120
1

Start offset in seconds

121
2
Interval
Sec between entries

122
2
Entry # 0
Program #

123
2

Start offset in seconds

 .....
.....
...
...

240
2
Entry # 59
Program #

241
2

Start offset in seconds

.....
.....
.....


3751
32
Interval
Sec between entries

3752
32
Entry # 0
Program #

3753
32

Start offset in seconds

 .....
.....
...
...


32
Entry #59
Program #

3871
32

Start offset in seconds

Schedule #30 is assigned as the default program if no SSTs have occurred for 1 orbit (and no future SSTs are programmed) AND no location information is available (i.e. the Periodic Message from the CIDP is not being received).  If location is known Schedule #31 will be used for the default perigee measurements and #32 for default apogee measurements, switching from one to the other at altitude 4Re.

1.2 Measurement Programs

Programmable Measurement Tables (64 Programs)  (Note: byte count continues):

Table 1.2‑1
Measurement Programs
Byte Count
Program
Bytes
Par. Code
Parameter

3872-3922
1
2
01 (L)
Lowest frequency in the Measurement 



2
02 (C)
Freq increment ( in %, positive or negative)



2
03 (U)
Highest (Upper) frequency in the Measurement 



2
04 (F)
Fine frequency step (applies to multiplexed frequencies, i.e. if S>1)



1
05 (S)
Steps,  # of fine steps in a multiplexed integration



4*
06 (X)
Transmitter waveforms (can alternate 1 to 4 at each frequency step)



4*
07 (A)
Antenna Command (One or both, and polarization)



4*
08 (N)
# of samples to integrate (Enter power of 2)



4*
09 (R)
Pulse Repetition Rate 



4*
10 (O)
Operating Mode



1
11 (W)
Watts, Power consumption limit in force during measurement



1
12 (E)
First range sample (in 1000km steps, i.e. 1Mm)



1
13 (H)
240 or 480km sample spacing 



2
14 (M)
# of range bins measured (8 - 512)



1
15 (G)
Gain (Manual or Automatic gain)



1
16 (I)
Frequency Search (search steps will be I * 244Hz)



2
17 (P)
Output this # of ranges for reduced output (e.g. plasmasphere only)



1
18 (B)
Bottom range stored if reduced output (in 1000km, i.e. Mm)



1
19 (T)
Top range stored if reduced output 



4*
20 (D)
Databin format



4*
21 (Z)
Thresholding (%)



3
22
(spare)

3923-3973
2
51

... 

3974-4024
3
51

...

4025-4075
4
51

...

 .....
.....
3009

..  59 sets of Measurement Parameters  ..

7085-7135
64
51

...

* Parameter is packed as four nibbles into two bytes, allowing 1, 2 or 4 waveforms to be used at a single frequency step.  The antenna control, the integration and the data format can be set independently for each waveform.

1.3 Schedule Start_Time (SST) Table

In the PROGSCHD data structure there are 256 possible Schedule Start Times specified in a  chronologically sorted queue, with the most recent  SST on the top of the queue (see Table 1.3-1).  Entries are each preceded by the MET time at which the Schedule is to become effective, followed by the schedule number of the schedule to be used. 

Table 1.3‑1
SST Table

Byte Count
Content

7136-7139
Schedule Start Time # 1: (The MET at which the specified Schedule takes effect) 

7140
Schedule to be activated at SST #1

7141-7144
Schedule Start Time # 2: 

7145
Schedule to be activated at SST #2

7146-7149
Schedule Start Time # 3:

7150
Schedule to be activated at SST #4

       …
       …

8411-8414
Schedule Start Time # 256:

8415
Schedule to be activated at SST #256





NOTE: The absence of any SST Activation Times will trigger a default condition after 1 orbit.

1.4 Programming procedure

To summarize the earlier description of the RPI Control Tables:

· No measurement run will execute by any means other than by being scheduled. There is no provision to start a measurement upon receipt of a command from the ground.

· The Schedule being active at any moment will be the one pointed to by the most recent Schedule Start Time (which is located on the top of the SST queue), unless the SST queue is expired (i.e. more than one orbit has passed and there are no more valid future SST’s).

· If the SST queue is expired, one of the three default Schedules is activated. 

· After determining which Schedule should be followed, the measurement runs are executed periodically according to the Schedule specification.

RPICNTL is the operational software that uses the RPI Measurement Control Tables (collectively called “PROGSCHD”) which are stored in RAM in the RPI CPU.  This software is designed to allow the RPI instrument to operate for an indefinite length of time without any intervention or commanding from the ground. RPICNTL is loaded automatically during the power-on stage or boot-up. Then it (a) evaluates the most recent SST in the SST queue, (b) selects an appropriate Schedule to activate, (c) starts execution of measurement runs according to the Schedule (d) sends formatted data to the telemetry buffer.

One copy of the RPI Measurement Control Tables is stored in RAM in the RPI CPU; two duplicate copies are saved in the non-volatile EEPROM memory. Upon boot-up the operating tables are loaded from the EEPROM.
1.4.1 The ‘EdRPI’ Program/Schedule/SST Editor

Having specified such an extensive set of control tables above, there has to be some automated means of editing the 8416 bytes that specify the operation of RPI.  EdRPI is a menu-driven editing program that allows a user to specify RPI’s operating programs and schedules as described by the PROGSCHD data structure specification presented above. EdRPI writes the result of the editing session to three files (Programs, Schedules, and SSTs), the contents of which can be used for direct memory uploads to RPI.

1.4.2 Detailed Description of Command Menu Selections

1.4.2.1 Prog(ram)

The Program Editing Screen (see example Figures 1.4-1 to 1.4-5) allow the user to select a program from a Program List and edit the existing measurement parameters. The 21 program parameters that can be changed are described in detail below.


Table 1.4-1 shows the acceptable range of Measurement Program parameters.  The characters shown in the ABBR column of the table are used as a shorthand means of referring to any particular measurement parameter.

Table 1.4‑1
Measurement Program parameters

Item
Parameter
ABBR.
UNITS
Range of Values
[Default Value]

1
Lower frequency limit
(L)
kHz
3 to 3000 kHz
[10]

2
Coarse step/ #Reps
(C)
% or 100 Hz
Log steps in %, Linear range is -1 to -10000 in 100Hz steps (i.e. 100Hz to 1MHz), Reps in units
[10]

(Note:  CC > 0 specifies logarithmic frequency steps, <0 is linear.)

3
Upper frequency limit
(U)
kHz
3 to 3000  kHz
[100]

4
Fine frequency step
(F)
100 Hz
1 to 1000 kHz linear. Range is -1 to –10000 in 100Hz steps (i.e. 100Hz to 1MHz)
[1] 

5
# of fine steps
(S)
-
–8 to +8 except 0  (negative values disable multiplexing)
[1]

6
Tx waveform
(X)
-
-8 to +8 (negative value disables inter-pulse phase switching), use 0 for passive msmts
[1]

7
Antenna Config
(A)
-
- 8 to 8 (0 for no transmission)  
[1]

(Note: Negative A commands bypassing of Antenna Coupler)

8
# of integrated repetitions
(N)
-
-7 to 7 (power of 2, i.e. 2^(abs(N))
[6]

(Note:  Negative value specifies incoherent integration, Positive makes coherent integration)

9
Pulse Rep Rate
(R)
Hz
0, 1, 2, 4, 10, 20, 50 (0 means 0.5)
[2]

10
Operating mode
(O)
-
C, R, S, T, W
[S]

11
Peak power limit
(W)

0 to 120
[0]

12
First range
(E)
Mm
0 to 60 (range in Mm rounded to closest 240km step)
[10]

13
Range resolution
(H)
Km
240 or 480 (range in km)
[240]

14
# of sampled range bins
(M)
-
8,16,32,64,128, 256, 512
[256]

15
Gain mode
(G)

-12 to 6 ( 6dB per unit  0-12)
[9]

(Note: Positive G is the setting for automatic gain.  Up to 36 dB (6 units) may be ADDED to the nominal entry if noise or interfering signal levels allow.  Negative G provides the same nominal gain but keeps the gain at that fixed level.

16
Frequency Search
(I)
244 Hz
0 to disable the search, otherwise test 5 freqs spaced by I*244 Hz
[0] 

17
# of output range bins
(P)
-
1 to 512
[128]

18
Bottom of search
(B)
Mm
0 to 250Mm
[6]

19
Top of search
(T)
Mm
0 to 250 Mm
[60]

20
Databin Format
(D)
-
C, D, L, M, N, P, S, T
[0]

21
Thresholding
(Z)
-
0 to 99 in %
[0]

A further description of each parameter in Table 1.4- 1 includes:

1 –
Lower Frequency Limit (L).  The lowest, or first frequency transmitted during a stepped frequency run, or alternatively, the only frequency transmitted if a fixed frequency measurement is being made.
2 –
Coarse Frequency Step/# of Repetitions (C).  This parameter can command three different types of frequency stepping.  First, if C is positive it specifies the size of the frequency step as a percentage above the previous step.  If the value is negative the absolute value of C is to be interpreted as the linear step size (in 100Hz units) and not as a negative frequency step.  If L and U are equal, C is interpreted as the # of times to repeat a fixed frequency integration.

3 –
Upper Frequency Limit (U).  The highest or last coarse frequency step in the measurement.  Setting U to the same value as the first parameter (L) results in a fixed frequency measurement.

4 –
Fine Frequency Step (F).  During a CIT the frequency can be changed to interleave integration of echoes on multiple frequencies (i.e. multiplexing).  Parameters (F) and (S) allow a multiplexed coherent integration to take place.  The RPI alternates the pulse transmissions for as many as 8 frequencies and two polarizations, or any other combination of up to 16 configurations (e.g. 4 frequencies, 2 polarizations, and 2 codes) while simultaneously sampling the resulting echoes from all three antennas.  Switching frequency and polarization is accomplished between pulses in the 400 μsec period immediately before each pulse.  The resulting sampled data from the receiver is then stored in separate data buffers such that a unique Doppler spectrum can be computed for each combination of antennas, frequency and polarization.  F is given in units of 100Hz.  No logarithmic stepping is possible, but negative increments are allowed. 

In whistler mode (O=[W]) the fine frequency step indicate frequencies for receiving whereas transmitting is done on the coarse step frequencies only.

5 –
Number of Fine Frequency Steps (S).  The absolute value of S sets the number of fine frequency steps in a CIT.  If S is positive, all frequency steps are completed before making a subsequent time domain sample on the first frequency (i.e., the frequency of the pulses is multiplexed or interlaced).  Therefore, the measurements at the various frequencies are essentially simultaneous.  Making S a negative value instructs the system to NOT MULTIPLEX, but complete the integration at each frequency before changing the fine frequency step.  This non-multiplexed measurement provides a larger Doppler range since the period between time domain samples is minimized, and it allows a series of sequential scans to be made with a single measurement program.

6 –
Transmitter (Xmtr) Waveforms (X).  The available waveforms are:

0. No waveform / passive mode.

1. 16-chip complementary phase codes (51 msec pulse)

2. Chirp pulse (125 msec).

3. Staggered pulse sequence (768 chips)

4. Long Pulse (125msec)

5. Short Pulse (3.2msec)

6. 0.5 sec pulse

7. 1.95 sec pulse

8. 8 chip complimentary phase codes (25 msec)

9. 4 chip complimentary phase codes (12.8 msec)

Up to 4 waveforms can be specified to run during the same measurement program by  making multiple entries on the X parameter line.  This will result in one CIT being run for each selected waveform before the Antenna Coupler is retuned to the next frequency step.  The four waveform codes (numbers from -5 to +5) are packed into four signed 4-bit nibbles in two bytes both in the ‘progschd’ data structure and in the data packet preface transmitted with each data block.

Note

Normally the phase of each even numbered pulse is inverted to eliminate coherent interference at the carrier frequency (“interpulse phase code”). If the X parameter value is negative the sounder will run with the interpulse phase code disabled.

7 –
Antenna Configurations or Sequences (A).  Whenever the instrument is receiving signals, all three antenna elements are sampled simultaneously, therefore no switching or selecting needs to be done.  The selections for antenna configuration have only to do with the two transmitter antennas, the X and Y axis dipoles.  The eight settings implemented are:

1.  No transmission, the RPI is “radio silent”

2.  Transmit on X dipole only.

3.  Transmit on Y dipole only.

4.  Transmit on X and Y in phase (linear polarization)

5.  Transmit only LH circular

6.  Transmit only RH circular

7.  Alternately transmit LH and RH circular

8.  Alternately transmit on X and Y but switch linear polarization by 90o with each pulse (i.e. invert the phase on one antenna)

Negative A places the Antenna Coupler in a bypass mode (no tuning), connecting the RF Amplifier directly to the long wire antennas.  

8 –
Number of Integrated Repetitions (N).  A power of 2 defining the number of samples going into each coherent Doppler integration (complex amplitude spectral integration) or incoherent (power) integration.  This is the number of times the program scans through S fine frequency steps, 1 or 2 polarization steps and 1 or 2 code modulation steps.  See Program Examples below. 

If the N parameter value is negative it indicates that the integration of echoes from multiple pulses will be incoherent, otherwise a coherent spectral integration is performed.

Note

It is consistently adhered to in any combination of program parameters that the number N specifies the number of time domain samples which go into the integration process (be it a coherent or incoherent integration). Therefore if multiple selections of polarizations and frequencies are integrated simultaneously in a multiplexed fashion, 2N pulses will be made using EACH setting (i.e. each combination of frequency, polarization, and code (Code 1 and 2 if using Complementary Codes), and the resulting echo samples will be stored and integrated in separate data buffers according to their origin (which antenna, which frequency and which polarization).

9 –
Pulse Repetition Rate (R).  The choices are:

0
- 0.5 pulses per sec (1 pulse each 2 sec)
1 
- 1 pulse per sec
2 
- 2 pulses per sec

4 
- 4 pulses per sec 

10 
- 10 pulses per sec

20 
- 20 pulses per sec

50 
- 50 pulses per sec

10 – Operating Mode (O).  This parameter can usually be inferred by the set of parameters selected, however, it is added to resolve any ambiguities, and ensure that the correct processing and formatting are performed.  The categories are:

B 
-- 
stand-By


no activity, to indicate disabled multiplexed programs

C 
-- 
Calibration


low level CAL signal applied to antennas, no transmissions

R 
--
Relaxation Sounding


same as sounding, but untuned antennas

S 
--
Sounding


active sounding, antennas are tuned at all frequencies which provide tuning elements

T 
--
Thermal Noise


passive reception, untuned antennas

W 
--
Whistler


multiple interleaved frequency steps will occur for reception only; nominal frequency step (i.e. 1st step in a multiplexed frequency integration) will be used to transmit

11 –
Peak Power Limit (W).  The RPI instrument is always operating with a maximum peak power limit which can be imposed by command from the CIDP or from the ground, or can change from program to program by entering the limit here.  NOTE: The limit entered here will default to the imposed limit if the imposed limit is lower.  
12 –
First Range (E).  This is the range in megameters of the first sample made after transmission of each waveform (6Mm is slightly less than 1 Re).

13 –
Range Resolution (H).  Sets the digitizer sampling period (240km = 1.6 msec, 480km = 3.2 msec).  The transmitted waveform is not affected by (H).

14 –
Number of Sampled Range Bins (M).  The number of complex amplitude samples made after transmission of each waveform, possible values are 1 to 512.

15 –
Computer Selected Gain Mode (G).  Either fixed or automatic receiver gain can be selected.  In the fixed mode (parameter value of 0 to -12), selection of "0" corresponds to the minimum gain and  "-12" to the maximum gain, with 6dB of gain added for each unit (maximum 72 dB). Making G positive requests that the instrument automatically adjust the gain by adding 0, 12, 24, or 36 dB to the base gain G. Positive G can be selected in the range from 1 to 6, so that the highest automatically adjusted gain is 72 dB (G=6 and G*6dB + 36dB = 72 dB). 

16 –
Frequency Search Step (I).  The frequency search function scans the receiver through five candidate frequencies.  The third is the nominal frequency setting for the current CIT), while the other four are symmetric about the nominal frequency, at  (+/-I . 244Hz) and (+/-2I . 244Hz).  These 5 frequencies are scanned before each CIT is initiated and the frequency that provides the least background noise is selected for operation.

17 –
Number of Output Range Bins (P).  The P parameter selects the number of range bins to format for output to telemetry.  It only affects the output of the data, not the number of samples taken by the digitizer after each pulse. The P ranges are centered around the maximum amplitude found between Bottom and Top ranges (see parameters 18 and 19).  Since an entire N-point Doppler spectrum from each antenna is stored for each range, the P parameter can considerably reduce the amount of data to be handled by the telemetry subsystem.  However, the entire scattering function (all ranges and all Doppler lines) can be stored by making (P) = (M) (parameter 14).

18 – Bottom of Search (B).  The parameter (B) sets the bottom range (i.e. closest range) of the window to be searched for a maximum amplitude.

19 –
Top of Search (T). Along with parameter (B), this sets the window of ranges from which data will be stored.

20 –
Databin Format (D) - See Section 3 of this document for a full specification of the following databin formats. It should be noted that this parameter not only specifies a databin format, but coincides with the type of measurement being made and, in some cases affects the type of pre-processing done to the data prior to storage. Hence a lot of thought must be applied to the selection of these measurement parameters. ).  Since this formatting is done on board, in the RPI CPU the resulting program (i.e. set of parameters) must be tested on the RPI Engineering Prototype prior to uploading to the S/C.  The choices are:

0 (numeral zero) -  No output.  For use of CW transmitting (Inspire program) and during tests.

C – Calibration Data (CAL). The CAL format stores loop back calibration results performed at each sounding frequency before sounding, a CAL output is stored after each frequency scan and can also be scheduled as a dedicated measurement run.

D – Double Byte Data (DBD). A compact format for storing one 8-bit logarithmically compressed RMS amplitude and one 8-bit Doppler line # per range bin, similar to SBD databin described below.

L - Linear Time-Domain Data (LTD).  The LTD format allows for directly recording complex time domain samples created by the digitizer at the output of the receiver.

M - Spectral Maximum Data (SMD).  After the instrument has computed Doppler spectra at each range, and for each antenna and polarization, one amplitude (the maximum Doppler line) at each range is placed in the output data block for each of the three antennas. 

N - Single Byte Data (SBD).   The ‘N’ stands for NOAA, since this is the Low Rate Science data format developed for the NOAA telemetry channel.  This is a very compact format which outputs only one amplitude value per range bin, e.g. a representative value consisting of the 3-axis RMS amplitude of the largest Doppler line.  The signal from the three antennas has to be combined omni-directionally (i.e. the power at each range bin at each of the three receiver outputs is summed).

P - Precision Range Data (PRD).  This creates a file similar to the SMD format except that the measurement is made with simultaneously integrated pairs of frequencies and both frequencies need to be stored along with the Doppler line # and the relative phases for each antenna. 

S - Spectral Science Data (SSD).  A data block which records the full Doppler spectrum at each range bin. The stored values are sequentially arranged spectra of amplitudes (voltages) in an 8-bit logarithmic format of 0 to 96 dB in 3/8 dB steps (i.e., 0 to 255) followed by the corresponding 8-bit phases (0 to 360° in 1.4° steps).  The first amplitude in each Doppler spectrum represents the most negative frequency while the last is the most positive. The total number of stored ranges is specified by P (parameter 17). If P is less than the total number of the sampled ranges M, a search of the maximum amplitude echo is performed within a prescribed window (and constrained by the search window defined by B and T above). Then  P ranges are picked, centered on the range of the maximum amplitude echo.   For P equal to an even number, the range of the maximum amplitude is stored plus P/2 further ranges and (P/2-1) nearer ranges.  If P is an odd number, an equal number of further and nearer ranges are output.

T - Thermal Time Domain Format (TTD).  This format is used to record passive mode received signals which include local plasma resonances as well as propagated interference such as solar radio bursts and auroral kilometric radiation.  Since power averages are needed in order to make a good estimate of amplitude, and averaging reduces the volume of data which needs to be stored, these time domain samples are  the power average of eight quadrature samples.

21 –
Thresholding (Z). This parameter improves the data compression ratio by setting to zero the specified percentage of data. The thresholding is done over both the range and Doppler dimensions, and any bins that are set to zero are set to zero on all three antennas at the same frequency. 
1.4.2.2 Programming Examples

Figure 1.4-1 shows an example of a RPI program "DPGM" for the Doppler sounding in the magnetospheric cavity region using 16-chip complementary pulse waveform.
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Figure 1.4‑1 
Program DPGM: Doppler Plasmagram, CIT=8 sec/freq

DPGM program covers frequency range from 10 to 100 kHz in 5% log steps without frequency multiplexing (i.e., number of fine steps is 1). 256 ranges are sampled at 240 km steps, covering 2.00 to 11.64 Re range; all ranges are output to telemetry in SSD databin format, with 50% thresholding to improve the compression ratio. One polarization (RCP) is transmitted and 8 line Doppler spectra are produced. At 2 pps repetition rate, each frequency requires 8 sec of coherent integration time (CIT): 8 repetitions * 2 complimentary codes * 1 polarization / 2 sec-1 = 8 sec. Additional 2 seconds per frequency are required to select an automatic gain adjustment and 0.25 sec to perform the frequency search.

Figure 1.4-2 shows DPGM-3 program that extends DPGM program by adding multiplexing of various waveforms to evaluate their relative performance. CIT is 8 sec pulse + 8 sec chirp + 2.96 sec SPS = 18.96 sec per frequency. 

VLFM program depicted in Figure 1.4-3 searches for whistler mode echoes. It uses 1 kHz linear coarse frequency stepping in the 10 to 25 kHz range, totaling 15 coarse frequencies. At each coarse frequency, 4 fine frequencies are multiplexed stepping down from the coarse frequency in 200 Hz steps to detect stimulated falling tone emissions. 
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Figure 1.4‑2 
Program PGM-3: Doppler Plasmagram with 3 waveforms. CIT=18.96 sec/freq
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Figure 1.4‑3 
Program VLFM: Whistler Mode Propagation, CIT=16 sec/freq

The operating mode is set to "whistler" to transmit only at 15 coarse frequencies but receive at all 60 frequencies. CIT for VLFM program is (8 repetitions / 0.5 sec‑1) = 16 sec.

Figure 1.4-4 shows VLFG program for transmission of VLF waves to the ground (e.g., for INSPIRE program). It covers frequency range 10 to 25 kHz in 15 linear steps and uses program multiplexing mechanism to send eight 1.95 sec pulses at 0.5 sec‑1 rate and then to pause for 16 sec before changing the frequency. Out of 8 pulses per frequency, the first four have RCP polarization, and the other four are LCP polarized. The data is sampled, but no data output is produced by setting databin format to "none". VLFG program requires 16 sec +16 sec = 32 sec per frequency.
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Figure 1.4‑4 
Program VLFG: Propagation to the ground, T=32 sec/freq

Ultra Long Pulse (ULP) program (Figure 1.4-5) is designed to trigger plasma instabilities. It uses the same pulse length and identical multiplexed program mechanism to insert 8 sec breaks between the bursts. CIT is (8 sec + 8 sec) = 16 sec, and the frequency range of 100 to 250 kHz is covered in 15 linear steps of 10 kHz.

RLXP program (Figure 1.4-6) performs relaxation sounding in the plasmasphere. To locate the plasma resonances, a small linear 400 Hz frequency stepping is arranged. Only 8 ranges are sampled and output, starting at 0 km range. CIT is (1 pulse/50 sec‑1) = 1/50 sec, and there are total 600 frequencies.
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Figure 1.4‑5 
Program ULP: Instability Triggering, CIT=16 sec/freq
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Figure 1.4‑6 
Program RLXP: Relaxation Sounding in the Plasmasphere, CIT = 1/50 sec/freq

1.4.2.3 Sched(ule)


Pressing the enter key while “Sched” is highlighted brings up the Schedule Selection Screen shown in Figure 1.4-3.  Any schedule number can be used for any desired set of measurements, independent of orbital position.  The time a particular schedule become effective is specified in the SST Table (see Control Menu description below).
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Figure 1.4‑7 
Schedule Selection Screen
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Figure 1.4‑8 
Schedule Editing Screen

1.4.2.4 SST

SST Table Screen – This menu allows the user to set times in MET at which the various Schedules are activated. There is only one SST Table with 256 elements, each specifying an SST and schedule number (see the editing screen example shown in Figure 1.4-5). For editing purpose, the times are arranged in four pages of 64 entries each.

2 ARMENU - System Configuration File/Data Block 

ARMENU.RPI is an ASCII text file.  The commands sent to the RPI while on orbit will be in the 56-byte ground command format.  The SI specific commands will be ASCII messages containing the “*xxx” parameter number shown below, followed by the “<parameter value>”  for that parameter.  The new value will replace the old value in the ARMENU structure maintained in RPI non-volatile memory.  Only the Restricted Frequencies need a command ( it is *509 ) to clear an entry, all others just get overwritten.  Each line in the ASCII file may be one of the following:

· PARAMETER LINE (preceded with an asterisk * in column 1 followed by “<” ). The ASCII parameter value is on the same line enclosed within <    > 

· INTERNAL COMMENT LINE (percent sign “%” in column 1 followed by a space) Comment line invisible to an operator using the configuration editor EDMENU.EXE.

· EXTERNAL COMMENT LINE (no character in column 1). Instructions visible to an operator using the editor EDMENU.EXE.

· TABLE OF CONTENTS MARKER (percent sign “%” in column 1 followed by a digit) A marker indicating the beginning of a section.

· TABLE OF CONTENTS ENTRY LINE (preceded with a percent sign “%” in column 1 and an asterisk). Marks section # as specified in Table of Contents, so EDMENU can jump to that section.

Station specific and System specific setup parameters appear as detailed in the following table:

2.1 Section 1 – Red Limit Checking Specifications

Parameter
Parameter Number
Units
Range
Precision
Format
Example

Analog BIT
*330-343
voltage

0.01V
%3d-%3d
150-450

Digital BIT Logic
*351
logic





Sensors generating NoGo condition
*361-365






2.2 Section 2 - Communications Options

Parameter
Parameter Number
Description


Data Type
Format

NOAA Output
*402
List format types to convert for output on the narrowband NOAA telemetry channel in SBF format
ASCII
FFF,FFF

2.3 Section 3 - Restricted Frequency Table

Parameter
Parameter Number
Units
Range
Accuracy
Precision
Data Type
Format

Restricted Freqs
*501
KHz
<= 8 bands

100 Hz
I5, 5-place integer
460-  470,  520-  535

“
*502
kHz
<= 8 bands

100 Hz
I5
fffff-fffff,..

“
*503
kHz
<= 8 bands

100 Hz
I5
fffff-fffff,..

...








Unrestrict
*509
kHz
<= 8bands

100 Hz
I5
fffff-fffff,..

2.4 ARMENU EXAMPLE - System Specific Setup Parameters

NOTE

% in Col. 1 is a COMMENT LINE for the Operator.

%# in Col. 1 (# is a number 1 to 9) locates a Table of Contents Heading.

* in Col. 1 is a PARAMETER LINE.  * is followed by 3 digit parameter number.  

Only this line is included in the Ground Passthrough Command Packet sent from 

the ground.  The Comment and Table of Contents exists in the file storing 

the parameters on the ground control workstation.

TABLE OF CONTENTS


1 RED LIMITS


2 COMMUNICATIONS OPTIONS


3 RESTRICTED FREQUENCIES

% %* is special format for Table of Contents 

%* Type number of section you wish to edit < > followed by Enter key.

% Key for Table of Contents function is % sign followed immediately

% by a numeral.

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%1 RED LIMITS

Module name of signal detection point shown in ( ).

Chan 00 - XMTR1, Peak Envelope Voltage of XMT card output (XMT) 

*341 < 20 - 320 >

Chan 01 - XMTR2, Peak Envelope Voltage of XMT card output (XMT)

*342 < 30 - 330 >

Chan 02 - LO, Peak Envelope Voltage at DC1 output (SYN)

*343 < 40 - 300 >

Chan 03 - sysTemp Thermistor circuit on SPC (SPC)

*344 < 50 - 350 >

Chan 04 - C140kHz, Peak Envelope Voltage 2nd Xmtr IF (OSC)

*345 < 60 - 360 >

Chan 05 -  3.84MHz, 2nd Local Oscillator (OSC)

*336 < 70 - 370 >

Chan 06 - LO, 95kHz 3rd Local Oscillator (OSC)

*336 < 70 - 370 >

Chan 07 - X+ Coupler temperature LO(CXP)

*336 < 70 - 370 >

Chan 08 - X- Coupler temperature (CXP)

*336 < 70 - 370 >

Chan 09 - Y+ Coupler temperature (CXN)

*336 < 70 - 370 >

Chan 10 - Y- Coupler temperature (CYN)

*336 < 70 - 370 >

Chan 11 - Z-Axis Pre-Amp temperature (PRE)

*336 < 70 - 370 >

Chan 12 - X+ Coupler RF Output Level (CXP)

*336 < 70 - 370 >

Chan 13 - X- Coupler RF Output Level (CXN)

*336 < 70 - 370 >

Chan 14 - Y+ Coupler RF Output Level (CYP)

*336 < 70 - 370 >

Chan 15 - Y- Coupler RF Output Level (CYN)

*336 < 70 - 370 >

Chan 16 - Z-Axis RFSmp front end Peak Envelope Voltage (RCV)

*337 < 80 - 380 >

Chan 17 - Z-Axis IFSmp Rcvr IF Peak Envelope Voltage (RCV)

*338 < 90 - 390 >

Chan 18 - X-Axis RFSmp front end Peak Envelope Voltage (RCV)

*337 < 80 - 380 >

Chan 19 - X-Axis IFSmp Rcvr IF Peak Envelope Voltage (RCV)

*338 < 90 - 390 >

Chan 20 - 2500Hz sensor on DC1 (TIM)

*339 < 10 - 400 >

Chan 21 - 400kHz sensor on AN1 (OSC)

*340 < 10 - 410 >

Chan 22 - Current sensor on X-Axis RF Amplifier Power Supply (TPC)

*341 < 20 - 420 >

Chan 23 - Current sensor on Y-Axis RF Amplifier Power Supply (TPC)

*342 < 30 - 430 >

Chan 24 - Voltage sensor on RF Amplifier Power Supply (TPC)

*343 < 40 - 440 >

Digital BIT Normal Indications (from SPC power card).  

PA (Port A on DC1 card)

*351 <10110100>

BIT bits Which Should Generate a Go/NoGo Error Bit

Digital sensors

*361 <11111111>

Analog Sensor Channels 00 - 07

*362 <11111111>

Analog Sensor Channels 08 - 15

*363 <11111111>

Analog Sensor Channels 16 - 23

*364 <11111111>

Analog Sensor Channels 24 - 31

*365 <11111111>

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%2 COMMUNICATIONS OPTIONS

These files are converted to SBD transfer to the Low-Data Rate NOAA channel.

*402 <SMD                 > Comma separated.

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%5 RESTRICTED FREQUENCIES

Restricted Frequency Table.

Use format:  Beginning-End Freq, (pairs define restricted bands)

*501 <  205-217,   220-224  >

*502 <  400-448   >

*503 <   620-655 >

*504 <  990-1000, 1116-1121  >

*505 < 1630-1740  >

*506 < 1990-2000 >

*507 < 2550-2560, 2610-2615  

*509 < 3-280>

Restricted Frequency Buffer (kHz).

*510 < 0 >

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

RPI Flight Commands

The following sections introduce and describe the commands designed to control the RPI instrument during the mission time. These formats are intended for external use and distribution for general control of the RPI instrument on flight.
3 RPI Mnemonic Label Naming Conventions

Mnemonic Name
Label
Description

Field 1

 

Instrument Identifier
R_
Assigned to RPI Commands

Field 2



Affected component 
MEM_
Affects SRAM or EEPROM memory contents

or mode
STA_
System Status Information


SYS_
System (general on-orbit commands)


REQ_
Request to CIDP


DEB_
Debugging/Testing Commands for Engineering Development





Field 3



Affected Subcomponent
HK
Built in self-test sensors, or preprogrammed test routines


PROG
Program 


SCHD
Schedule


SST
Schedule Start Time


TIME
Mission Elapsed Time (4 byte integer, in 0.1 sec units)


PORT
Any RPI Latch located at given VME port number


FREQ
Synthesizer & Preselector control bytes (operating freq)


PLIM
System power consumption limit


DATA
Data


DGTZ
Digitizer


CPLR
Antenna coupler

Field 4



Action 
SET_
Write only the designated bits in an RPI hardware latch(es) 


WRIT_
Write given byte into RPI hardware latch(es)


CLR_
Clear only the designated bits in an RPI hardware latch(es)


LOAD_
Copy message contents into RPI RAM 


SEND_
Causes RPI to send information which ALREADY EXISTS


GET_
Causes RPI to take some action THEN send information


RUN_
Executes a pre-programmed function


SAVE_
Move contents of RAM to EEPROM for permanent storage





4 Data Block Uploads

The standard Data Block Upload mechanism (see CIDP to SI Interface Control Document, section 4.1.3.2.2.6) is used to perform most of the RPI flight commanding. The SRAM of RPI is divided into segments of variable size. One SRAM segment is the smallest unit that can be uploaded during on-orbit operation. 

A single Data Block Upload command may contain contents of more than one segment. To accommodate this feature, segment addresses and lengths are included in the body of the command (i.e., the data block). Thus, the addressing parameters in the first packet of the standard Data Block Upload command sequence are not used by RPI.

4.1 Control of RPI automated operation

Some “pass-through” control commands are provided (see Section 5) for immediate RPI action, but most of the operation of the RPI instrument is scheduled and controlled by uploading the contents of three control data structures (see Section 1): 

· 64 Programs [3264 bytes],

· 32 Schedules [3872 bytes],

· 256 Schedule Start Times (SST) [1280 bytes],

and one system configuration structure (see Section 2):

· ARMENU [TBD bytes],

using the standard Data Block Upload mechanism.
At any time, RPI will function automatically, according to the currently active schedule. Each schedule specifies a sequence of measurement programs which is repeated by RPI. The schedule remains active until a valid schedule start time (SST) activates another schedule, or an SST table expiration time starts one of the default schedules. Schedule 0 is always empty so it puts RPI in an idle state.

System configuration structure contains a set of Red Limit checking specifications, data content selection for the real-time NOAA telemetry channel, and a table of restricted frequencies.

Each control data structure takes a single SRAM segment. No provision is made for changes to the individual parts of the three control data structures and the system configuration, with the exception of adding a single entry to the SST table via R_SYS_SST_SET command.

4.2 RPI software upgrades

Upgrades to the RPI software are done by replacing contents of SRAM segments. Each software segment starts with a set of pointers to the public procedures in the segment. The rest of RPI software routines call the public procedures via these pointers. This mechanism allows updating of the contents of individual segments without changing any of the other software segments. Once the upgraded software has been evaluated to run successfully it will be copied over, upon receipt of a R_MEM_DATA_SAVE command from the ground, to EEPROM, thereby becoming the operating software which will be loaded at next power-on.

If a change is made to the starting address of a segment in SRAM or the number of public procedures available in a segment, all software segments that access the public procedures in the changed segment would have to be updated as well.

5 Pass-Through Command Messages

RPI Pass-Through command messages are received by the CIDP from the SCU and forwarded to RPI as 64-byte Ground Commands of the format shown in Table 5-1.  

Table 5‑1.
Pass-Through Command Messages

Byte #
Description
Hex value
Comments

0..2
Sync Pattern
FEFA30


3
Header
CC


4
Checksum

bytes 5..61

5
Byte count

starting at byte 6

6
Command Stem



7..63
Command Parameters



There are four categories of RPI Pass-Through commands described in the Sections 5.1-5.4:

· Status commands

· EEPROM save/load commands

· Operational commands

· CIDP command requests

5.1 RPI Status Commands

RPI status commands include collection of housekeeping information in ApID=0x02 packages and reports of SRAM and EEPROM contents in ApID=0x04 packages. Table 5-2 shows a description of the status commands.

Table 5‑2.
RPI Status Commands

Mnemonic
Command stem and

Arguments
Description

R_HK_BIT_RUN
0x45
RPI will execute a Built-In Test routine, then report the results in ApID=0x02 housekeeping package

R_HK_BIT_SEND
0x46
RPI will report the latest available Built-In Test parameters in ApID=0x02 housekeeping package

R_MEM_DATA_SEND
0x49
RPI will send the memory dump of the specified memory segment in ApID=0x04 housekeeping packages.

                        ARG1
ADDR=  

[32 bit unsigned int]
Starting address

                        ARG2
LEN=

[16 bit unsigned int]
Length of the SRAM segment to report, in 32 bit words.

5.2 Operations with RPI EEPROM

The remote update of software and control data structures is done to RPI SRAM. Once the changes are proved to operate correctly, the contents of RPI SRAM can be commanded to be stored permanently in RPI EEPROM (and therefore the changes are not lost if RPI is rebooted). 

There are two contents-synchronized banks of EEPROM. Each write operation is done to both banks, and read operation is attempted to bank 0 first, and further to bank 1 in case of a reading error in bank 0. 

EEPROM contains four sections, called "blocks". Each block can hold a copy of the SRAM segments containing flight software and control data structures. On the power-up, booting is attempted from Bank 0, Block 0 first, and in case of a failure proceeds to Bank 1, Block 0, then to Bank 0, Block 1, etc. 

Another command is provided to read a block of EEPROM to SRAM and initiate execution of the new software in SRAM. The command arguments are detailed in Table  5‑3.

Table 5‑4.
Operations with EEPROM

Mnemonic
Command stem and

arguments 
Description

R_MEM_DATA_SAVE
0x4A
Contents of the SRAM are copied to the specified block of RPI EEPROM.

                        ARG1
BLK=  

[unsigned char]
Block number of EEPROM (0-3)

R_MEM_DATA_LOAD
0x4F
Contents of the the specified block of RPI EEPROM are copied to SRAM and execution of the software in SRAM is initiated.

                        ARG1
BLK=  

[unsigned char]
Block number of EEPROM (0-3)





5.3 RPI Operational Commands

RPI implements a set of commands used for on-orbit operation as described in the Table 5‑4. 

Table 5‑5.
RPI Operational Commands

Mnemonic
Command stem and

arguments
Command Description

R_SYS_CPLR_RUN
0x31
Perform antenna coupler rattle

R_SYS_SST_SET
0x32
Add SST to the RPI SST queue. NOTE: The RPI software will locate the SST in a time ordered stack, so there is no “SST request number”

                        ARG1
MET= 

[4 bytes]
MET at which to switch schedule (4-bytes)

                        ARG2
SCHD= 

[unsigned byte]
Schedule # to take effect at the given MET

R_SYS_SCHD_SET
0x34
Activates the specified schedule. Currently active program is interrupted and a new program starts as specified by the new schedule.

                        ARG1
SCHD=

[unsigned byte]
#    Schedule number (0-31)

R_SYS_PLIM_SET
0x38
Set operational power limits (and override the limits specified in RPI program)





                        ARG1
PEAK= 

[unsigned byte]
Peak power during transmission, in Watts (1-byte)

                        ARG2
AVRG= 

[unsigned byte]
Energy over 1-hour/3600sec, i.e. Watts (1-byte)

R_SYS_PWR_LOW
0x81
Power Low message, duplicate to the standard CIDP command 0xD1. The CIDP command is available only as a broadcast to all instruments.

R_SYS_PWR_NOM
0x82
Nominal Power message, duplicate to the standard CIDP command 0x1D. The CIDP command is available only as a broadcast to all instruments.

R_SYS_LTD_RUN
0x88
Sets up a pre-determined loopback program, acquires data and outputs in according type packages to produce an easily identifiable pattern plasmagram

5.4 Initiation of requests to CIDP

Three commands are added to initiate requests from RPI to CIDP to perform standard CIDP-to-instrument operations, as described in Table 5-5.

Table 5‑6.
Requests to CIDP

Mnemonic
Command stem and

arguments
Description

R_REQ_DATA_LOAD
0x50
Request upload of a CIDP EEPROM block contents to RPI (standard SI-to-CIDP requests 0x05, 0x15, 0x25 and 0x35)





                        ARG1
BLK=

[unsigned byte]
CIDP EEPROM block number





R_REQ_PWR_OFF
0x57
Send Power Off request 0x11 to CIDP

R_REQ_PWR_CYCL
0x59
Send Power Cycle request 0x12 to CIDP

6 Standard CIDP Command Messages

RPI operations rely on availability of the standard CIDP command messages listed in the Table 6-1. 

Table 6‑1.
Standard CIDP commands essential to RPI Operations

Message Name
Header
Relevant CIDP Mnemonics

SAFE
0xDD
C_SIRPI_PWR_SAFE

C_SIALL_PWR_SAFE

LOW POWER
0xD1
C_SI_BCST_LOP

NOMINAL POWER
0x1D
C_SI_BCST_HIP

RPI Development Commands

The following sections introduce and describe the commands for controlling and testing of the RPI instrument. These formats are intended for debugging, fault detection, analysis, and hence are implemented for exclusive use of the RPI engineering team. These commands are not intended for general control of RPI on flight.

7 RPI Development commands

The development commands are stored in the ASIST database and are used during Payload and Observatory testing phase. Some of development commands result in output of development data packages (ApID=0x90, 0x91, and 0x92) to telemetry stream. The development commands will not be needed on orbit, but the RPI Flight software will continue to recognize them in order to maintain software configuration, and to provide options for on-orbit troubleshooting.  The ability to indiscriminately use the development  commands for on-orbit operations should however, be blocked in the ASIST software (e.g. by recognizing the “DEB_” in the Mnemonic name).

7.1 Mnemonics for Development Commands

Table 7‑1.
Mnemonics for Development (DEBUG) Commands

Mnemonic
Command stem and arguments
Description

R_DEB_FREQ_SET
0x70
Sets freq synthesizer, receiver preselectors and antenna coupler. Send new settings in ApID=0x90 development package.

                         ARG1
FREQ=

[32 bit]
Frequency in Hz

                         ARG2
MODE=

[unsigned byte]
Coupler mode:

0 or ‘N’ 
Normal (i.e. Tuned) setting of the Antenna Coupler 

1 or ‘D’ 
Direct (i.e. not-Tuned), selects Bypass setting in antenna coupler

2 or ‘C’
Calibrate, selects calibration signal path in antenna coupler

3 or ‘S’
Same as 2, does not command antenna coupler





R_DEB_MEM_SEND
0x71
Perform generic read/write operation with a block of RPI memory. RPI will send an ApID=0x91 development package in response to the command.

                        ARG1
MODE=

[8 bit]
‘W’
Write 

‘R’
Read

                        ARG2
ADDR1=

[32 bit]
Starting address 

                        ARG3
ADDR2=

[32 bit]
Ending address 

                        ARG4
VALUE=

[32 bit]
the value to write (for write commands only)





R_DEB_PORT_SEND
0x72
Sends ARG3 value (byte) to VME port address ARG2 in mode ARG1. The command results in output of development package ApID=0x92 with port status information. 

                        ARG1
MODE=

[8 bit]
‘R’
Read from ARG2

‘W’
Write ARG3 to ARG2

‘S’
Set bits indicated by 1’s in ARG3 mask at location ARG2

‘C’
Clear bits indicated by 1’s in ARG3 mask at location ARG2

‘I’
Invert (complement) bits indicated by 1’s in ARG3 mask at location ARG2

‘T’
Toggle (invert twice) bits indicated by 1’s in ARG3 mask at location ARG2

                        ARG2
ADDR=

[32 bit]
VME address, 32-bit hexidecimal

                        ARG3
VALUE=

[8 bit]
8-bit “port specific” latch contents





R_DEB_DGTZ_GET
0x73
Starts acquisition of digitizer samples and continues until new commands arrives to interrupt it. (Data is returned in special “developmental” format packages (see ApID 0x93 description in Level 0 Data Format document).

                        ARG1
BFR=

[8 bit]
Buffer number, see Table 7-2

                        ARG2
BITS=

[32 bit]
Bit Bits, see Table 7-2





R_DEB_CAL_OFF
0x75
Calibration OFF. Next program will be executed with no correction of receiver gain or phase. The program after that will return to the automatic calibration.





R_DEB_TIME_SET
0x76
Changes system time to the given MET  (4-bytes)

                        ARG1
MET=

[32 bit] 






Table 7‑2.
Buffer Number and Bit Bits combinations for R_DEB_DGTZ_GET command

Buffer No.
0
1
2
3

Bit Bits





0
X Ant. Samples
Y Ant. Samples
Z Ant. Samples
IFSmp & RFSmp

2
IFSMPZ + 400KB
IFSMPY + XVARI
2500B + YVARI
GND + MUX1

3
XMTR2B + C140KB
LOB + 10.56B
SYSTEMP + 95KB
X+TMP + XMTR1B

7
Y+TMP + RFX+
Y-TMP + RFX-
ZTEMP + RFY+
RFY- + Y+TMP

.�.�.�.�.�.�.�.�.
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