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CM FOREWORD 
 
 
This document is a Lunar Reconnaissance Orbiter (LRO) Project Configuration Management 
(CM)-controlled document. Changes to this document require prior approval of the applicable 
Configuration Control Board (CCB) Chairperson or designee. Proposed changes shall be 
submitted to the LRO CM Office (CMO), along with supportive material justifying the proposed 
change. Changes to this document will be made by complete revision. 
 
Questions or comments concerning this document should be addressed to: 
 
LRO Configuration Management Office 
Mail Stop 451 
Goddard Space Flight Center 
Greenbelt, Maryland 20771 
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1.0 INTRODUCTION 

1.1 OVERVIEW 

The LRO bus will be built at Goddard Space Flight Center (GSFC) by the Engineering 
Directorate. Integration of the science instruments to the Orbiter housekeeping (HK) systems as 
well as Orbiter environmental testing will also be performed at GSFC. In early 2009 the LRO 
will be launched from the Kennedy Space Center (KSC) onboard an Atlas V Evolved 
Expendable Launch Vehicle (EELV) into a direct lunar injection trajectory. The launch vehicle 
(LV) is also equipped with a secondary payload, the Lunar CRater Observation and Sensing 
Satellite (LCROSS). Using its own Propulsion Subsystem, the Orbiter will perform a Mid-
Course Correction (MCC) and will maneuver towards the Moon. After a trans-lunar trajectory 
phase of approximately 100 hours the Orbiter will be inserted into a lunar orbit using the onboard 
Propulsion Subsystem. The Orbiter will perform several additional maneuvers to circularize the 
orbit and ultimately place LRO into its final polar circular orbit with an altitude of 50 km. Prior 
to and upon reaching the mission orbit, a series of S/C and instrument checkout activities will be 
performed. 

The LRO Mission Operations Team (MOT) is responsible for maintaining the health and safety 
of the LRO spacecraft on-orbit and ensuring successful mission operations. 

1.2 PURPOSE  

In order to operate the LRO spacecraft and sustain its health and safety, the MOT will perform 
trending and analysis on spacecraft data. Data trending is necessary to: 

 
·  Assess the LRO spacecraft’s health and safety 
·  Identify potential spacecraft problems early 
·  Analyze system performance 
·  Verify nominal configuration of each subsystem 
·  Identify effects of each subsystem on other subsystems 
·  Predict system degradation 
·  Supply information for possible adjustments to increase system performance 
·  Monitor effects of changing internal and external conditions on the spacecraft 
·  Supply information for anomaly investigations 

 
The MOT will perform trending and analysis on LRO spacecraft data during all mission phases 
starting at launch. This document explains how the MOT will perform the necessary trending for 
analysis. 

1.3 SCOPE 

This document presents a comprehensive plan for LRO HK data trending. It explains the 
processes and tools used to perform data trending. The plan also lists the specific data that will 
be trended, the frequency associated with the trending of the data, and the generation of any 
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specific reports or plots that have been identified. It also presents a plan for data trending during 
anomalous situations. 

1.4 DOCUMENT STRUCTURE 

This document is comprised of five main sections. The following paragraphs give a brief 
description of each section: 

·  Section 1: The Introduction describes the purpose and scope of this document and 
provides the structure for the rest of the document. The section also provides a reference 
list and an overview. 

 
·  Section 2: The Trending Tools section provides a detailed description of the data trending 

tools that will be used to facilitate the process. 
 

·  Section 3: The Trending Process section provides a detailed description of the data 
trending process that will be followed during all phases of the on-orbit mission. 

 
·  Section 4: The Trended Data section describes the specific items that will be trended and 

over the course of the mission.  
 
·  Section 5: The Report and Plot Generation section describes the reports and plots the 

MOT will be generating using trended data on a routine basis to aid in data analysis and 
presents their generation schedule. 

 
1.5 REFERENCED DOCUMENTS 

The documents listed below are used as references for the development of this trending plan. 
Refer to these documents to support, further define, and clarify the information in the LRO MOT 
Trending Plan. 

a. The LRO Telemetry & Command (T&C) Formats Handbook, August 23, 2006. 
 
b. LRO Mission Operations Plan, 451-PLAN-000064, September 1, 2007, Version 3. 

 
c. Integrated Trending and Plotting System User’s Guide, September 7, 2006. 
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2.0 TRENDING TOOLS 
 

2.1 INTEGRATED TRENDING AND PLOTTING SYSTEM  
 
Trending and performance analysis are accomplished using the Integrated Trending and Plotting 
System (ITPS). The ITPS design consists of two high availability Windows 2003 servers running 
in parallel, which will utilize their own internal disk array sized to store full-resolution life-of-
the-mission telemetry data. ITPS is an easily configurable system that can be setup to run daily 
routine jobs autonomously, such as ingesting data and creating plots and reports. It is also a 
menu and Graphical User Interface (GUI) driven system that can be used to generate and manage 
products, monitor percent completion of products, and access ITPS specific utilities. ITPS will 
interface with both MOC internal and external elements, as is illustrated in Figure 2-1.  

The LRO telemetry database will be loaded onto the trending system. Telemetry mnemonics can 
be used in the creation of MOT defined pseudo equations. Both telemetry mnemonics and 
pseudo equations will be available to create Input Definition Files (IDFs), which specify what 
data to extract from the ITPS archive. 

 

 

Figure 2-1. ITPS Inter faces 
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Orbiter HK and ground station status data will be archived in a raw data format on the ITPS 
machine for the life of the mission. Any HK data that is requested in an engineering unit will be 
converted from raw using the ITPS decommutation engine. The ITPS will also create and store 
statistical data for a MOT selected list of mnemonics, for the life of the mission. ITPS provides a 
broad range of analysis functions which include long and short term trending, statistical 
calculations based on GMT day and orbit period, and report and plot generation. More in-depth 
analysis can be done by filtering data based on lunar orbit ascending and descending node 
crossings, lunar terminator crossing, Sun beta angles, or mission eclipse predicts 

Key features of the ITPS software: 

·  Interfaces for real-time and file data ingestion  
·  Utilizes ITOS database format 
·  Lifetime storage of raw data  
·  Generation and lifetime storage of min, max, mean trend storage 
·  Automatic periodic production for a variety of predefined products 
·  Data export to common data formats 
·  Ingest and correlation of orbit data products  
·  Display data via plots, tables, and reports  
·  Provides application logging for error reporting 
·  Generates data gap and data quality reports  
·  Provides a number of analysis capabilities, such as polynomial and spline conversions, 

arithmetic and conditional logic, mnemonic filtering and sampling, limit and delta limit 
detection, pseudo-mnemonic generation 

·  Provides user interface that allows defining different privileges based on user or group 
account 

·  Provides web accessibility for remote access 
 

2.1.1 Setup and Initialization 

The telemetry database will be loaded into the ITPS including the fields that contain mnemonic 
descriptions, bit location, calibration curves, discrete states and high/low limits. These fields are 
used by the decommutation engine and an ITPS feature which allows users to view mnemonic 
properties. Multiple database versions can be loaded and the desired database can be selected by 
the MOT. A database history report is available that contains the input file; date file was loaded, 
and name of the resulting ITPS database.  

2.1.2 Input Definition File 

IDFs provide the means to generate plots and reports by defining mnemonics, filtering 
information, and data output formats and statistics parameters. A plot or report cannot be 
generated without first creating an IDF. IDFs are created using an editor that is launched through 
the main interface menu. The same IDF can be used to generate a plot or report so long as the 
plotting fields in the IDF are properly entered. 
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2.1.3 Plot Parameter  Definition File 

Plots can be customized in a variety of styles and specifications using a Plot Parameter 
Definition File (PPDF). A plot can be generated without creating a PPDF, instead using default 
parameters such as the mnemonic database description as a plot label. Parameters that can be 
modified include plot and axis labels, scale parameters, line color and style, tick marks, and print 
options. PPDFs have been generated for each of the IDFs defined in Appendix A. 

 

2.1.4 Report and Plot Generation 

Data analysis can be accomplished by either generating a report or a plot. By default, any 
questionable data will be excluded from data analysis requests. Questionable data exclusion can 
be overridden by the user. The MOT has the ability to filter telemetry from the archive based on 
orbital parameters including Ascending Node, Descending Node, Sun Beta Angles, Sunlight and 
Shadow periods. Data reports created by ITPS are comma delimited and can be displayed in 
either an Excel comma separated value (CSV) file or a text file. Report types include ASCII, 
mnemonic change (delta limit), limit and statistics. ASCII reports contain a timestamp and a data 
value for each mnemonic specified. Mnemonic change reports contain a timestamp and a data 
value for each mnemonic specified when the step between consecutive values exceeds a 
predetermined threshold. Limit reports contain a timestamp and the corresponding mnemonic 
value when the mnemonics transition between limit states. Statistics reports contain a minimum, 
mean, maximum, standard deviation, and number of points for each mnemonic requested. 

ITPS plots are created by a software package called PV-Wave. Plots are either of type X-Y or X-
Time. Plots can be customized in a variety of styles and specifications. Telemetry plots can 
display red and yellow limit lines or have portions shaded to indicate green, yellow or red 
conditions. Individual graphs can be saved GIF, JPG, or Postscript files. Reports and plots will 
also be generated in a PDF format. The PDF files will be autonomously transferred to the DMS 
for electronic review and signature approval by the MOT, prior to being released.  

Specific reports and plots to be generated are described in Appendix A.   

 

2.1.5 MOT Defined Pseudo Mnemonics 

The MOT can create pseudo mnemonics composed of existing regular and other pseudo 
mnemonics. Definitions can combine constants with mnemonics using the “+”  (addition), “ -
“ (subtraction), “ * ”  (multiplication), “ /”  (division), XOR, or NOT operands. Any pseudo 
mnemonic can be used when generating reports, plots, or statistics.  
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3.0 TRENDING PROCESS 

The basic trending process will be quite similar for all phases of the mission. During Nominal 
Mission operations, the stored spacecraft housekeeping data files will be downloaded from the 
Orbiter during each WS1 Ka-band pass. The data will be captured at the station, via the WS1-
DPS (WS1-DPS) and will be transferred to the MOC after the pass. Data files will originate from 
the MOC-DPS (M-DPS) but are delivered to the ITPS via a DMS remote agent. Once all data for 
the previous day has been received at the MOC, Daily Production will be autonomously invoked. 

During Launch and Lunar Cruise, MCC, Lunar Orbit Insertion (LOI), and lunar orbit maneuvers, 
the real-time telemetry stream will be provided to the ITPSs and will provide the primary data 
source for quick trend and performance analysis. Periodically during each pass, housekeeping 
and station status packets files will be closed and autonomously transferred to the ITPS server to 
be ingested. In addition, recorded housekeeping data will be downlinked from the Orbiter and 
will also be ingested by the ITPS. 

Once the Orbiter telemetry files are received, the Ingest task will immediately begin processing 
the data. The ITPS Ingest Service reads raw mission telemetry, time orders the data, removes 
duplicates and writes the data to the ITPS Archive. Each day, data is merged with other existing 
data from that day to create a daily telemetry archive. The trending system will also 
automatically ingest orbital data products delivered to the ITPS via a DMS remote agent. The 
following products will be ingested and will be utilized to correlate telemetry data to specific 
orbital events: 

• Lunar orbit ascending and descending node 
• Lunar terminator crossing 
• Sun Beta Angles 
• Mission eclipse predicts  

 
3.1 ITPS DATA INPUT 

ITPS will detect Orbiter HK and ground station status data deposited on the ITPS computer and 
will add the data to the HK telemetry archive regardless of the login status. Data stored in the 
archive can be viewed by day of year for data gaps, total percentage received, and number of 
correctable and uncorrectable Reed-Solomon (RS) errors. ITOS will provide a Real-time (R-T) 
stream of data to ITPS containing Orbiter telemetry, WS1-DPS CCSDS File Delivery Protocol 
(CFDP) status data, and SCN station status data. The use of the R-T connection will primarily be 
used for critical operation periods, such as Launch and Lunar Cruise, MCC, LOI, and lunar orbit 
maneuvers.  

3.2 DAILY PRODUCTION  

Daily requests and extractions can be easily automated in ITPS using the Daily Production 
feature. Plot requests, report requests and Lifetime Trend (LTT) generation can be added to 
Daily Production. The Daily Production GUIs are accessible through pull downs on the main 
interface menu. Daily Production will run regardless of the computer login status. The time at 
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which Daily Production executes is configured during installation and can be modified by a 
System Administrator. Daily production for plots and reports will run at a set time (08:00:00z) if 
the data for the specific day has reached a user configurable data received percentage (93.57%). 
LTT Daily production for daily stats will run at 10:00:00z and orbital stats will run at 12:00:00z. 
If the received percentage threshold is not met, ITPS will try to execute Daily Production every 
hour for the next 23 hours. If the threshold value is still not met, Daily Production will be 
abandoned for that day. In the event that Daily Production has not run for a particular day, the 
MOT can manually run Daily Production using a menu pull down feature on the main interface 
menu. 

3.2.1 Special Requests  

On occasion, it will be necessary for the MOC to manually execute a trending request. For 
example, following each Thruster maneuver (Delta-V or Delta-H), FDF and GNC Subsystem 
engineers have requested specific products to be generated and delivered. The MOT will be 
required to manually generate these products and make them available to the requester. Products 
destined for the FDPC will be autonomously delivered by the DMS, however products destine 
for the GNC engineers must be delivered manually (TBD). 

For maneuvers, three specific products will be delivered to the FDPC. A report and plot will be 
delivered for each product, MOC-63 (Propulsion data), MOC-68 (Attitude Data), and MOC-72 
(Thruster Data). The following naming conventions will be used, where 2009100 = Year and 
Day of year, 123456 is the start time of the report (12:34:56 GMT). 

MOC63_PROPDATA_2009100_123456.csv, MOC63_PROPDATA_2009100_123456_plot.pdf 

MOC68_240_2009100_123456.csv, MOC68_240_2009100_123456_plot.pdf 

MOC72_THRUSTER_2009100_123456.csv, MOC72_THRUSTER _2009100_123456_plot.pdf 

 

3.3 L IFETIME TREND DATA 
 
The LTT database will store for each MOT specified mnemonic in a single set of statistics per 
day and a separate set of statistics for each orbit or hour. Statistics will include minimum, 
maximum, mean, standard deviation, and the number of points per reporting period (day and 
orbit). Adding data to the LTT database will be made possible through creating an IDF file with 
the desired mnemonics and submitting an add mnemonic request daily. Data can be extracted 
from the database and viewed in a report or plot. IDFs can specify which statistics to view for a 
mnemonic. The main use of the LTT data will be to identify or monitor long term trends of 
Orbiter subsystems and instruments. 

Lifetime Trend (LTT) will be performed for all relevant housekeeping APIDs. A separate IDF 
has been generated for each APID. Appendix B includes a listing of the APIDs and the 
corresponding IDF that will be included in the LTT.



LRO Operations Trending Plan 431-OPS-000082 
  Revision 1.0 

FINAL 

4-1 
 

CHECK WITH LRO DATABASE AT: 
https://lunarngin.gsfc.nasa.gov 

TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE. 

4.0 TRENDING DATA 

 
The data that will be trended over the life of the mission includes recorded HK data files and 
Station Packets. IDFs provide the means to generate plots and reports by defining mnemonics, 
filtering information, and data output formats and statistics parameters. A plot or report cannot 
be generated without first creating an IDF. IDFs are created using an editor that is launched 
through the main interface menu. The same IDF can be used to generate a plot or report so long 
as the plotting fields in the IDF are properly entered. 

 

4.1 ITEMS TO BE TRENDED 
 
With support of the instrument and spacecraft subsystem engineers, the MOT has identified a 
selection of spacecraft mnemonics to be trended. During the launch and early mission phases, 
some products will be generated with a greater frequency than during Normal Mission 
Operations. In addition, the generation of plots and reports will occur much more frequently 
(e.g., hourly, pass to pass, or once per shift). This increased frequency will allow the Systems 
and Operations teams to verify system performance and to identify early trends and potential 
anomalous conditions. During Normal Mission Operations, plots and reports will be generated 
on a daily, weekly, or quarterly basis.  

In general, the MOT will trend all voltages, currents, and temperatures. Specifically, system 
momentum will be trended on a daily basis. Daily plots will contain data from the previous two-
week period. As the system momentum approaches 110 Newton meter seconds (Nms), a Delta-H 
maneuver must be performed within 24 hours.  In addition, the Power subsystem will be 
analyzed on a daily basis.  

The tables in Appendix A list the mnemonics that will be trended using the ITPS. The tables are 
in alphabetical order, by subsystem, and include the IDF name, selected mnemonics, frequency 
of production, product duration, and the recipient of each report. This table will evolve into the 
final product which will be utilized for all mission phases. 
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4.2 DIRECTORY STRUCTURE 
 
The following provides a brief description of the ITPS Directory structure for the LRO mission: 

·  IDFs   C:/itps/Data/IDF 

·  LTT   C:/itps/Data/LTT 

·  Plots   C:\itps\Data\Plots\plot_images 

·  PPDFs   C:\itps\Data\Plots 

·  Reports   C:/itps/Data/Reports 

·  TDFs   C:/itps/Data/TDF 

·  Daily Production  C:/itps/Data/ DyP 

·  Logs   C:/itps/Data/ Logs 

·  Initialization  C:/itps/Data/ Ini 

·  Data Quality  C:/itps/Data/ IDQ 

·  Project Database  C:/itps/Data/ PDB 
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5.0 REPORT AND PLOT GENERATION 

 
This section identifies the available types of plots and reports that can be generated via ITPS. 
Plots can be customized in a variety of styles and specifications using a PPDF. A plot can be 
generated without creating a PPDF, instead using default parameters such as the mnemonic 
database description as a plot label. Parameters that can be modified include plot and axis labels, 
scale parameters, line color and style, tick marks, and print options. 

The ITPS plot generation process uses the PV-Wave COTS product in conjunction with custom 
code, user-plotting preferences and system defaults to plot selected data. In addition, it allows the 
user to manipulate the data interactively by proving capabilities such as zooming, changing plot 
characteristics and adding plot annotation.  

5.1 REPORTS 

Various reports will be generated as a part of the nominal daily production. Specific reports that 
have been requested are defined in the Appendix A. Several report types are available: 

·  ASCII – timestamp and data value for each requested mnemonic 

·  Mnemonic change – timestamp and telemetry value when the step between consecutive 
values exceeds a predetermined threshold. 

·  Limit -  timestamp listing of mnemonics and their corresponding values, when the 
mnemonics transition between PDB defined limits 

·  Statistics – maximum, minimum, mean, and standard deviation are provided for each 
requested mnemonic 

·  Trip Count – displays mnemonics where n consecutive values pas the mnemonic filtering 
condition 

·  Trip Time – displays mnemonics were the filter condition is true for n seconds 

 
5.2 PLOTS 

Various plots will be generated as a part of the nominal daily production. Specific plots that have 
been requested are defined in the Appendix A. Several plot types are available: 

·  Single Mnemonic vs time – plots a single mnemonic vs time 

·  Multiple Mnemonics vs time – plots multiple mnemonics (up to 16) vs time, on a single 
plot 

·  Data vs Data – Plots a single mnemonic on x-axis vs another mnemonic on the y-axis. 
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ACS Trending 
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Acronym Descr iption 
ACS Attitude Control System 
CCB Configuration Control Board 
CFDP CCSDS File Delivery Protocol 
CM Configuration Management 

CMO Configuration Management Office 
COTS Commercial off-the-shelve 
CSV comma separated value 
DMS Data Management System 
DPS Data Processing System 

EELV Evolved Expendable Launch Vehicle 
FDF Flight Dynamics Facility 

GSFC Goddard Space Flight Center 
GUI Graphical User Interface 
HK housekeeping 
IDF Input Definition File 
ITPS Integrated Trending and Plotting System 

LCROSS Lunar CRater Observation and Sensing Satellite 
LOI Lunar Orbit Insertion 

LPRP Lunar Precursor and Robotic Program 
LRO Lunar Reconnaissance Orbiter 
LTT Lifetime Trend 
LV Launch Vehicle 

MAS Monitoring and Alert System 
MCC Mid-Course Correction 

M-DPS MOC Data Processing System 
MOT Mission Operations Team 
Nms Newton meter seconds 
PPDF Plot Parameter Definition File 
R-S Reed-Solomon 
R-T Real-time 
SOC State of Charge 
T&C Telemetry and Command 
VC Virtual Channel 

WS1 White Sands One 
 


