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Context Overview: GDS Subsystems 

Data Acquisition & Command Subsystem (DACS) 

Configure & maintain scheduled DSN resources 
*Acquire telemetry and deliver to packet & channel databases 

Activity Planning & Sequencing I 
Subsystem (APSS) 

1 

*Science surface ops visualization & 
planning tools (SAP) 
*Rover surface ops visualization, 
planning & sequence generation tools 

*DSN Scheduling/Allocations 
*Spacecraft flight rule and resource 
modeling 
*Sequence validation & command 

*General tools & utilities 
*Inter-subsystem “glue” 
*Reports generation 

System Hardware 

*Workstations & Servers 
*Networks & Routers I *Voice & Data Circuits 

t 

Data Mgmt & Archival Subsystem (DMAS) 

DOverall MER database architecture 
Common approach for database backup 
and life-of-mission storage 
Customized data access services 
*Ops/Sci Databases & Access 
*Telemetry Database (TDS) & Access* 
*Command Database (DOM) & Access* 
*EDRIRDR Database (MIPL) & Access** 

4 4 4 4 

Engineering Analysis 4 Subsystem (EAS) 

*S/C system & subsystem I 

Science Ops Analysis 
Subsystem (SOAS) 

I Ops Product Generation 
Subsystem (OPGS) 

*Instrument EDR generation 
-0ps image product 
generation pipeline 
*Engineering product 
generation pipeline 
*Deliver ops image products 
to PDS archive 
*Rover localization *Remote Science 

processing 
*SIS Sci processing 
aSSV HDTV, 3DModek 
Beowulf, Viz, Test-beds 

. >  -..a , ~. . . . r  

Mission Design & Navigation 
Subsystem (MDNS) 

*Mission Design tools 
*EDL Simulation & Visualization 
*Flight navigation analysis 8, planning 
*Rover position determination 
*NAIF/SPICE kernels, libs & tools 

External Elements 

--1 
* JDS & DfNulcnresoftware proyiidedhy DACS 
**MIPL D/B core software provided by OPGS 
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Context Overview: APSS Architecture 

DACS: DSN 

Science 

Science Activity Plan (RML) 
(Prioritized list of observations) Skeleton Engi 

Activity Plan 
(RML) 

I 

Kernels 
LOPTG 

SIC Tlm; 
DIL 
Rxmt 
Request 
File 
(RML, 
SASF) 

I 
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t SCMF 

(directives) 

SATF, Interactive 
Power SASF Model API 
Model 1 Model API 

iteractive 

EAS: Power 

I 

. e  DSN allocations, LTF 1 
View Period Files 

External subsystem 0 
*all input files & output files (except final 
cmd load files) are stored on the OSS 

PSE Element *all final cmd load files are stored on the DOM 6 



PSE Overview: PSE Data Flow 

- Mars Express HRSC; 
IDD models, Timing Geometry data 
Kinematics Models, 
Channelized Rover TLM 

Lander Orbital Propagation, 

I 

SEQ-REVIEW RSFOS 
( pef-d is play) 

S/C Clock, 
Command Dictionary, 
Command Translation 

In MER Commands Syntax 
Start-master immediate command 
master sequence b 
Sub-sequence(s) SLINC 

I 

Translated 
SIC Control 
and Command 
Sequences 

SIC Control 
and Command 
Sequences 
for radiation 



PSE Overview: PSE Data Format 

A 
RML 
XML CPF 

SIC Model File, 
Context Variable File, 
Lander Orbital Propagation 
Timing Geometry file 

v 
Terrain Models, 
Mini-TES synthetic 

SEQ-REVIEW 

b SEQGEN 
Fincon File 

(pef-display) 

DSN Key 
words File 



RSVP Interface: Sequence Generation 

FINCON 
DKF 

+-- 
PEF 

Sol N-I FINCON 

4 DACS I 

SSFs SATFs, 

R F+l Activity Plan 

for each CPF 
command load 

SVP "Master" b SLINC 
Validated RML - 

1 I 

f 
tY 

SATFs, 

SEQGEN INCON 1 Ex: PULs 

+--E Ex: Articulation 

SATFs, 
SASFS 

INCON SEQGEN 

RSVP 

Ex: EngrCmds 
SEQGEN 4 INCON 

I I - I 
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RSVP Interface: Interactive Interface 

RSVP will translate MER commands (see 

i 
Terrain Models, 
Mini-TES synthetic 
Images, 
Images from: 
- Hazcam, Navcam, and 

Pamcam; 
Mars Overhead View: 
- Viking Orbiter, 

MOLA, THEMIS 
- Mars Express HRSC; 
IDD models, 
Kinematics Models, 
Channelized Rover TLM 

- MGS: TES, MOC, 

table tbd) into SEQGEN steps 
RSVP will provide the following simulated 
data to SEQGEN: 
- mobility durations 
- rover orientation data 
- rover sequence commands 

SEQGEN Query Commands 
- setup initial environment 
- start and exit SEQGEN 
- do modeling 
- get conflicts and violations information 
- get resources history 
- add I remove / modify activity type 
- add / remove steps from activity 
- get warning and error messages 

. .  : , 

Flight Rules and Constraint Violations, 
Resources Model History, 
Predicted Command Timing, 
SegGen Error Messages. 

Initial conditions 
DSN allocations and view periods, 
Power Model, 
Light Time information, 
SIC clock and SIC Event Time 
Conversion 
Flight Rules, 
SIC Constraints, 
Commands, and 
Ground Event 
Models 



RSVP Interface: Timeline (sample) 

<seq-gen> <options> -x <port> <seq-gen env> 

Send message “<SEQGEN listening Port #>” 

b 

4 

Add Sequence (s) 
AddActivityType <activity type name> {< activity data>} 

b 

Send status “<success=I, error = O>” 
4 

Model Sequence(s) 
Model 

b 

RSVP 

Send status “<success=l, error = O>” 
4 

Get Conflicts and Violations 
Getconflicts and Getviolations 

b 

Send status “<success=I, error = O>” and # of violations 
and conflicts 

Get Conflict and Violations information 
GetConflictlnfo and GetViolationlnfo 

SEQGEN 
Pre-requisite steps prior to the interface: 
Use env-gen to create the required 
SEQGEN environment file. 
The environment file will list the 
following files: 
-activate “master” sequence sasf 
-master.satf 
-Model files (SMF) 
-Light time fle (LTF) 
-SCKLSCET file 
-Context Variables File 
-Initial Conditions File 

Send status “<success=I, error = O>” and violations 

Get Model states 

Send status “<success=l, error = O>” and model attribute 
information 

Exit 
b 



Internal Interfaces: SegGen 

SPACECRAFT ACTIVITY TYPE FILE (SATF) 

SPACECRAFT MODEL FILE (SMF) 
~ 

FLIGHT MISSION RULES FILE (FMRF) 

ENVIRONMENT FILE 

SPACECRAFT ACTIVITY SEQUENCE FILE 
(SASF) 

DSN VIEW PERIOD FILE 

DSN ALLOCATION FILE 

SCLKSCET FILE 

LIGHT TIME FILE 

Lander Orbital Propagation Timing Geometry file (LOPTG 

CONTEXT VARIABLE DEFINITION FILE (CVF) 

CONDITIONS FILE 

REDUNDANT ELEMENT COMMANDS FILE 

USER DEFINED FUNCTIONS LIBRARY (libudsf - C++ Lib 

SOCKET (DTM) 

SUPPORT SEQUENCE 
CREATlONlEDlTlNG 

EXPAND SEQUENCES 
TO LOWER LEVEL 

PERFORM CONSTRAINT 
CHECKING 

GENERATE OUTPUT 
PRODUCTS FOR 
SEQUENCE 

RUN LOG 

SPACECRAFT ACTIVITY SEQUENCE FILE 
(SASF) 

CONDITIONS FILE 
r 

PREDICTED EVENTS FILE 
(PEF) 



/- 

SegGen Overview 

Activate, run, and 

Activate Sequence, r 
Run Sequence, 
Abort Sequence, 
Execute next Cmd 

Activate, run, and 

P red icted Sequence 
and Ground events, 
Model States, 
Conflicts and Viol 

Model 
States 

3s. 

Power c-: Model 

/ Cmd 

Eng i ne( s) M o d e l e r k  Event 

Stimuli 
Events, I-. .-.-A- 

[ effects 

Sequences /-L 
r l  

Timeouts, 

Model 
Ground Activity, States 

\ 
I I l Y l l L  I SATFsI 1 -.. Immediate cmd, f ' / I \ Rules 

9 SASFs 

Expander u 
Variables 



Internal Interfaces: SLINC 

CONFIG FILE 

SPACECRAFT SEQUENCE FILE (SSF) 

SPACECRAFT CLOCK FILE 
(sclk) 

COMMAND TRANSLATION FILE (binary format) 
(cmdxlt) 

LIBXLT, LIBCTT, LIBUHOOK (CTS) 
LIBSSS, LIBSFOC LIBSFOCTIME (TC&DM) 

(C Libs) 

PERFORM COMMAND 
TRANSLATION 

REFORMAT INTO 
COMMAND PACKETS LOG FILE 

COMMAND PACKETFILE 
(CPf) 



Initialization 

SLINC Process Timeline 

Process 
Sequence 

Open Files 3 
Setup Configurations 3 

Translation 

Verify CMDXLT 

Process Sequence 
from SSF b - 

Process SSF command - 
Set Control Code Flag 

Covert Commands to Hex 

Translate command 

Set Control Code bits 
to 00 or FF 

3 
3 

Construct CPF Headers 

Process File 

Packetize Data 
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Predicted Events File (PEF) 

Common Table 

Common Per1 Library 

Project Table 

Project Per1 Library 
~ ~~ ~ ~~ 

Command Dictionary Library (CDL) 

Light Time File 

I soeedit ' 
- Extract sequence commands 
and ground events from PEF 
- Allows user to filter the information 
up to 62 different setup for display 
- Convert commands from SEQGEN 
step syntax to MER Command synta: 

-Provide a user edit GUI window 

sfosedit 1 
- Integrate Project functional events 
to SFOS timeline (e.g., commands 
approval meeting) 
-Display SFOS timeline 
-Provide a user edit GUI window 

Sequence of Events File (SOE) 

Internal Interfaces: RSFOS 

S/C Flight Operations Schedule (SFOS) 
b 
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Internal Interfaces: CAST 

DSN Allocations File 
b 

Lander Orbital Propagation Timing 
Geometry file (LOPTG) 

D 

CAST Programs 

RAP Book II castcomp 

casted i t 
DSN Allocation File 

RAP Raw File 

Configuration Codes 
DSN View Periods File I 

~~~ ~~ 

viewcheck 

Unused Station Time 41 DSN View Periods 

statgap I 7-Day Schedule II Computed Coverage Hours 

7 

Triple Space 
~~ 

sfd u g u i 
- 

Master File (Fincon) 
~ II Master File (Incon) cast-update 

ra p2d s n 

v 

Conflict Report 
- 

Coverage Gaps I compute I 
ape2raw I ’  
tracecast I 

Out-of-View Report 

Kwiklib.pl, kwikwrap 
(TC&DM Program Set - C) 

castgen 
sys: types.h, stat.h, param.h II 

(TC&DM Headers - C) 
D 



CAST Process Flwow 

IFlight Tea4 



Command Dictionarv ICDLI 

Internal Interfaces: CTS 

SCLKSCET FILE 

CTS Programs 

1 cdledt (CDL Editor) 

I 

I cd bg 

cdbgc (CDL compiler) 

I Libraries I 

CMDXLT (compiled translate byte code file) 
~~ 

Libuhook.so 
~~ 

Libxlt.so 

Li bctt.so 
b 
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SEQ Mgt/Ctrl - Activate, Run 
(Process Timeline) 

- 

SEQ Controller SEQ Engine #I SEQ Engine #2 

Cmd from Eng #2 

Expander 

Execute next 
cmd from Eng. #2 

b. 

Activate Eng. #I I 

Eng #2 is empty 

Get the next earliest 
cmd from SEQ Engines 

Execute next cmd from 
Eng. #I 

I 

Execute next cmd 
from Eng. #2 

1 Cmd from Eng #I 

Run Eng. #2 

Block Eng. #I 
I 

I 

I I I 
Release Eng. #I 

Modeler 

Model Cmd for Eng #I 

Model Cmd for Eng #2 



SEQ Controller 

Seq Mgt/Ctrl - DeActivate 
(Process Timeline) 

SEQ Engine #I SEQ Engine #2 Expander 

Get the next earliest 
cmd from SEQ Engines 

Get the next earliest 
cmd from SEQ Engines 

Get the next earliest 
cmd from SEQ Engines 

I 

. 

Deactivate Eng #I 

Execute next cmd 
from Eng. #2 

Cmd from Eng #I 

Cmd from Eng #2 

Deactivate Eng #I 

Deactivate Eng #I 
I 

Cmd from Eog #2 

Modeler 

Model Cmd for Eng #I 

Model Cmd for Eng #2 

Model Cmd for Eng #2 



Seq Mgt/Ctrl - Shutdown, Resume 
(Process Timeline) 

SEQ Controller SEQ Engine(s) Expander Modeler Event Queue(s) 

Get the next earliest 
cmd from SEQ Engines 

Execute next cmd 

Get the next earliest 
cmd from SEQ Engine: 

Cmd 

S h u tdwn-resume-a t(T0 

Set wait flag 

Model Cmd 

Set Event in Queue 
(reset Wait flag at TO) 

Reset Wait flag at TO 



Seq Mgt/Ctrl - Cmd Wait, Min Step 

’. 

(Process Timeline) 

Set Event in Queue 
(reset Wait flag at TO) 

Reset Wait flag at TO 

SEQ Controller SEQ Engine(s) Expander Modeler Event Queue(s) 

I 
Get the next earliest 
cmd from SEQ Engines 

I Cmd (control code =FF) 

Execute next cmd 
Advance time 1 sec (min 

Cmd (control code =0) 

Set wait flag 

t 

Get the next earliest 
cmd from SEQ Engine: 

I 

Min step duration = 1 sec 

Model Cmd 



Seq Mgt/Ctrl -Wait Until, Pause Until 

. 

(Process Timeline) 

Get the next earliest 
cmd from SEQ Engines 

SEQ Controller SEQ Engine(s) Expander Modeler 

Get the next earliest 
event from the Queue(s: 

Get the next earliest 
cmd from SEQ Engine! 

4 

Wait until (TO) 
Eng #I 

Set wait flag on Eng # I  

'ause until (DDII = true 
timeout) Eng #2 

Set wait flag on Eng #2 

Reset Wait flag 
in Eng #2 

Get DDII value 

Is DDII= True 

DDII not equal to True 

DDII= True 
I 

Event Queue(s) 

Set Event in Queue 
(reset Wait flag 
in Eng #I at TO) 

Set Event in Queue 
"(reset Wait flag 
in Eng #2 when time ou 

Reset Wait flag 
in Eng # I  at TO 



Seq Mgt/Ctrl- If, Then, Else 
(Process Timeline) 

ELSE 

Cmd 
L. 

L. 

ENDIF 

SEQ Controller SEQ Engine(s) Expander Modeler Event Queue(s) 

Model Cmd 

Get the next earliest 
event from the Queue(s) 

Get the next earliest 
cmd from SEQ Engines 

Execute next cmd from 
Eng # I  

Execute next cmd from 
Eng # I  

IF (DDII =true), Eng #I 
Get DDll value 

Is DDII= True 
DDll not equal to True 

7 

Skip next cmd(s), until 
Else from Eng #I 1 



Adaptation: Mars Times 

Eight commands have a variable time type parameter. 

For the PAUSE-UNTIL, PAUSE-UNTIL-AND, and PAUSE-UNTIL-OR 
commands, current approach is for RSVP to replace these commands with a 
SeqGen “wait” step to allow sequence control based on a future condition. 
RSVP will also need to convert the duration for these commands to Earth 
seconds, since this is the only acceptable time type for the SeqGen “wait” 
step. 

For the WAIT-UNTIL, RESUME-AT, SHUTDWN-UNTIL, SHUTDWN-DMT-TIL, 
SHUTDWN-RESUM-AT commands, the time modeling consists of 
constructing conditional command durations, based upon the timetyp 
command parameter: 

- If the timetyp is RLTV, the RLTV parameter value is plugged in for the duration. 
- If the timetyp is SCLK, the duration between “NOW” and when the SCLK occurs is plugged 

in. In the case of a negative duration (SCLK in the past), MINIMUM - STEP - DURATION is 
plugged in, which is 1 sec, and an error is generated. 

- If timetyp is GST, MINIMUM - STEP - DURATION is plugged in, which is 1 sec. 

Notes: 
- It has been requested to implement GST. Desigdapproach is still TBD. 
- There are many other commands that may need a duration calculation. 

Andy is in the process of defining them. 
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Adaptation: Modeling - TelecomlComm 
Window 

Comm Windows Behavior: 
- Creates four major tables in SEQGEN database: 

Comm Windows Table 
- X-Band H/W Configurations Table 
- UHF H/W Configurations Table 
- Default States Table 

- Models Telecom primary commands (SMF) 
- Models Telecom secondary commands (SMF) 
- Models DSN Ground Events (SMF) 
- Generates DSN Keywords (SMF and Pef-display) 



Modeling - TelecomlComm Window 

omm Windows Tab1 

I X Config Table 

I I 

1 

Secondary command! 
- Expansion 
- 

Secondary command: 
Expansion 

Secondary command: 
- Expansion 
- 

'1 '1 



Modeling - Telecom/Comm Window 

ADD Comm Windcw 

MOD Comm Window 

Pseudo 
SEQ Controller SEQ Engine(s) SEQ Engine(s) Expander Modeler Event Queue 

Cmd 
I 

Cmd 

Override Min step duration in Pseudo SEQ Engines 

Activate Comm Wi 
#30 Pseudo Enginl 

Execute next cmd 
From X Config Tbl 

Expand X Config 
Tbl to Secondary 
Cmd 

~~ 

ADD an entry to 
Comm Window 
(e.g., #30, 
start time = TO) 

Check Related 
FRs (Flag 
Violations, if any) 

MOD Comm 
Window 
Table Entry 

Start Comm 
Window #3Q 

Model 
Secondary Cmd 

Set Comm Window 
#30 execution at TO 

Start Comm Window 
#30 execution at TO 



Modeling - Power (via API) 

~ 

SEQGEN to MMPAT functions via APls: 

- start and exit MMPAT 
- set power model parameters 
- do modeling with step duration 

SEQGEN - setup initial environment 

Power model attributes / states, 
User select information (e.g., turn 
“on” or “off” power model) (SMF), 
User Defined Functions includes API 
to Power Model’s functions (Usdf) 

POWER 
Model 
(MMPAT) 

SEQGEN shall be able: - < ,  

- model power related commands, 
knowing their effect on the Power 
Equipment List 
- track a history of model states 
- check Power and thermal flight rules 
and constraints 

Initial conditions (INCON), 
Rover sequence commands (SATF), 
Light Time information (LTF), 
S/C clock and SIC Event Time 
Conversion (SCLKSCET), 
Power subsystem Flight Rules 

Returned from MMPAT to SEQGEN: 
- Power model results 

(SEQGENMMPATprofileFile) 
-high fidelity dissipation data 
(SEQGENMMPAThifiDissipFile) 

v 
-Simulation “errors and warnings” 
Messages (SEQGENMMPATlogFile) 
-Simulation I computational 
results (SEQGENMMPATresultsFile) 

-Time ordered listing of the setting 



SEQGEN MMPAT Power Model 
(Process Timeline) 

User-defined 
SEQ Engine@) Modeler function 

Power related Cmd 

Repeat steps for all 
Power Model States 

Initialize Power Model: 
- set MMPAT start time 
- set MMPAT params 

Empty Event Queue 

Set next call to MMPAT 
in one minute 

Advance Time = “Now” 

If Time > “Now” then 
do nothing 

I 

Set Model Attributes 

MMPAT Event Queue 

Get Current Time 

Return Time . 

If Time c “Now” then 
set Time = “Now” 

I 

. .  
Get Results ~ 

Return Results c 

Call MMPAT 
(starting from Empty 
Event Queue) 




