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1 Introduction 
This software interface specification (SIS) describes the format and content of the Rotation and 
Interior Structure Experiment (RISE). Planetary Data System (PDS) data archive. It includes 
descriptions of the data products and associated metadata, and the archive format, content, and 
generation pipeline. 

1.1 Document Change Log 
Table 1: Document change log 

Version Change Date Affected 
portion 

0.1 Initial draft March 12, 2015 All 
0.2 Updates for new Product_Ancillary 

General corrections and TBD fills July 29, 2015 All 

1.0 Post-peer review version May 31, 2017 All 
1.0 Removed Appendix B, Example Labels. The two 

Product_Observational labels are too large to 
include, and they are not useful in the document. 

June 1, 2017 Appendix B 

1.0 Accept changes from previous version, added 
MGA locations, finalized DSN station locations 

June 8, 2017 All 

1.0 Accept changes from previous version, updated 
author affiliation, added acknowledgements, 
updates from peer review 

June 27, 2017 All 

 

1.2 TBD Items 
Table 2 lists items that are not yet finalized. 
Table 2: List of TBD items 

Item Section(s) Page(s) 

N/A 

1.3 Abbreviations 
Table 3: Abbreviations and their meanings 

Abbreviation Meaning 

APSS Auxiliary Payload Sensor Subsystem 

ASCII American Standard Code for Information Interchange 

Atmos PDS Atmospheres Node (NMSU, Las Cruces, NM) 

BWG Beam Waveguide (DSN Antenna) 

CDR Calibrated Data Record 

CDSCC Canberra Deep Space Communications Complex 
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Abbreviation Meaning 

CHDO Compressed Data Header Object 

CODMAC Committee on Data Management, Archiving, and Computing 

CSP Control Statement Processor language 

DOM Distributed Object Manager 

DOY Day of Year 

DSN Deep Space Network 

DSS Deep Space Station 

EDR Experiment Data Record 

FEI File Exchange Interface 

FOV Field of View 

FTP File Transfer Protocol 

GB Gigabyte(s) 

GDSCC Goldstone Deep Space Communications Complex 

GEO PDS Geosciences Node (Washington University, St. Louis, Missouri) 

GNSS Global Navigation Satellite System (e.g. Global Positioning System) 

GSFC Goddard Space Flight Center (Greenbelt, MD) 

HEF High Efficiency (DSN Antenna) 

HGA High Gain Antenna 

HK Housekeeping 

HP3 Heat Flow and Physical Properties Package 

HSB High-Speed Beam Waveguide (DSN Antenna) 

HTML Hypertext Markup Language 

ICD Interface Control Document 

IDA Instrument Deployment Arm 

IM Information Model 

ION Ionosphere (in reference to Ionosphere calibration files) 

ISO International Standards Organization 

JPL Jet Propulsion Laboratory (Pasadena, CA) 

LGA Low Gain Antenna 

LID Logical Identifier 
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Abbreviation Meaning 

LIDVID Versioned Logical Identifier 

LVO Label Value Object 

MAG Magnetometer 

MB Megabyte(s) 

MD5 Message-Digest Algorithm 5 

MDSCC Madrid Deep Space Communications Complex 

MGA Medium Gain Antenna 

NAIF Navigation and Ancillary Information Facility (JPL) 

NASA National Aeronautics and Space Administration 

NAV Navigation 

NSSDCA NASA Space Science Data Coordinated Archive 

PDS Planetary Data System 

PDS4 Planetary Data System Version 4 

PPI PDS Planetary Plasma Interactions Node (UCLA) 

RA Restricted ASCII 

RAD Radiometer 

RDA Raw Data Archive 

RFS Radio Frequency Subsystem 

RISE Rotation and Interior Structure Experiment 

RS Radio Science 

RSS Radio Science Subsystem 

SCT Spacecraft Team 

SDST Small Deep Space Transponder 

SEIS Seismic Experiment for Investigating the Subsurface 

SFDU Standard Formatted Data Unit 

SIS Software Interface Specification 

SIS Software Interface Specification 

SNR Signal-to-Noise Ratio 

SPICE Spacecraft, Planet, Instrument, C-matrix, and Events (NAIF data format) 

SPK Spacecraft and Planetary ephemeris Kernel (NAIF) 
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Abbreviation Meaning 

TBD To Be Determined 

TNF Tracking and Navigation File (TRK 2-34) 

TRO Troposphere (in reference to Troposphere calibration files) 

TSAC Tracking System Analytic Calibration 

URN Uniform Resource Name 

VID Version Identifier 

WEA Weather (in reference to DSN Weather files) 

WU Washington University, St. Louis 

XML eXtensible Markup Language 

 

1.4 Glossary 
Many of these definitions are taken from Appendix A of the PDS4 Concepts Document, 
pds.nasa.gov/pds4/doc/concepts. The reader is referred to that document for more information. 
Archive – A place in which public records or historical documents are preserved; also the 
material preserved – often used in plural. The term may be capitalized when referring to all of 
PDS holdings – the PDS Archive. 

Basic Product – The simplest product in PDS4; one or more data objects (and their description 
objects), which constitute (typically) a single observation, document, etc. The only PDS4 
products that are not basic products are collection and bundle products.  

Bundle Product – A list of related collections. For example, a bundle could list a collection of 
raw data obtained by an instrument during its mission lifetime, a collection of the calibration 
products associated with the instrument, and a collection of all documentation relevant to the 
first two collections. 

Class – The set of attributes (including a name and identifier) which describes an item defined in 
the PDS Information Model. A class is generic – a template from which individual items may be 
constructed. 
 
Collection Product – A list of closely related basic products of a single type (e.g. observational 
data, browse, documents, etc.). A collection is itself a product (because it is simply a list, with its 
label), but it is not a basic product. 

Data Object – A generic term for an object that is described by a description object. Data 
objects include both digital and non-digital objects. 

Description Object – An object that describes another object. As appropriate, it will have 
structural and descriptive components. In PDS4 a ‘description object’ is a digital object – a string 
of bits with a predefined structure. 

http://pds.nasa.gov/pds4/doc/concepts/
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Digital Object – An object which consists of real electronically stored (digital) data.  

Identifier – A unique character string by which a product, object, or other entity may be 
identified and located. Identifiers can be global, in which case they are unique across all of PDS 
(and its federation partners). A local identifier must be unique within a label. 
 
Label – The aggregation of one or more description objects such that the aggregation describes a 
single PDS product. In the PDS4 implementation, labels are constructed using XML. 

Logical Identifier (LID) – An identifier which identifies the set of all versions of a product. 

Versioned Logical Identifier (LIDVID) – The concatenation of a logical identifier with a 
version identifier, providing a unique identifier for each version of product. 

Manifest - A list of contents. 

Metadata – Data about data – for example, a ‘description object’ contains information 
(metadata) about an ‘object.’ 

Object – A single instance of a class defined in the PDS Information Model.  
PDS Information Model – The set of rules governing the structure and content of PDS 
metadata. While the Information Model (IM) has been implemented in XML for PDS4, the 
model itself is implementation independent. 

Product – One or more tagged objects (digital, non-digital, or both) grouped together and having 
a single PDS-unique identifier. In the PDS4 implementation, the descriptions are combined into 
a single XML label. Although it may be possible to locate individual objects within PDS (and to 
find specific bit strings within digital objects), PDS4 defines ‘products’ to be the smallest 
granular unit of addressable data within its complete holdings. 

Tagged Object – An entity categorized by the PDS Information Model, and described by a PDS 
label. 

Registry – A data base that provides services for sharing content and metadata. 

Repository – A place, room, or container where something is deposited or stored (often for 
safety). 

XML – eXtensible Markup Language. 

XML schema – The definition of an XML document, specifying required and optional XML 
elements, their order, and parent-child relationships. 
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2 Overview 
2.1 Purpose and Scope 

The purpose of this SIS (Software Interface Specification) document is to provide users of the 
Rotation and Interior Structure Experiment archive with a detailed description of the data products 
and how they are generated, along with a description of the PDS4 archive bundle, the structure in 
which the data products, documentation, and supporting material are stored. The users for whom 
this document is intended are the scientists who will analyze the data, including those associated 
with the project and those in the general planetary science community.  

This SIS covers raw data products generated by RISE that are intended to be archived in the 
Planetary Data System (PDS). In particular, these products are TRK 2-34 Tracking and Navigation 
Files (TNF), Troposphere calibration files (TRO), Ionosphere calibration files (ION), and DSN 
weather files (WEA).  

2.2 SIS Contents 
This SIS describes how the RISE instrument acquires data, and how the data are processed, 
formatted, labeled, and uniquely identified. The document discusses standards used in generating 
the data products and software that may be used to access the products. The data structure and 
organization are described in sufficient detail to enable a user to read and understand the data. 
Appendices include a description of the file naming conventions used in the RISE archive, and a 
list of cognizant persons involved in generating the archive.  

2.3 Applicable Documents 
[1] Planetary Data System Standards Reference, Version 1.8.0, March 21, 2017. 
[2] PDS4 Data Dictionary, Abridged, Version 1.8.0.0, March 10, 2017. 
[3] Planetary Data System (PDS) PDS4 Information Model Specification, Version 1.8.0.0, March 

10, 2017. 
[4] InSight PIP 4.3 Archive Generation, Validation, and Transfer Plan, Initial Release, September, 

2015. 
[5] DSN Telecommunications Link Design Handbook, DSN No. 810-005, Rev E. JPL D-19379. 

October 28, 2015. http://deepspace.jpl.nasa.gov/dsndocs/810-005/ 
[6] TRK 2-34 DSN Tracking System Data Archival Format, DSN No. 820-013, TRK-2-34, Rev 

N. JPL D-76488. November 7, 2013. 
[7] TRK 2-23 Media Calibration Interface, DSN No. 820-013, TRK-2-23, Rev C. JPL D-16765. 

March 5, 2008. 
[8] TRK 2-24 Tracking System Interfaces Weather Data Interface, DSN No. 820-013, TRK-2-24, 

Rev A. JPL D-16765. March 15, 2006. 
[9] Folkner, W.M., Asmar, S.W., Dehant, V., and Warwick, R.W., The Rotation and Interior 

Structure Experiment (RISE) for the InSight mission to Mars (2012). 43rd Lunar and Planetary 
Science Conference, 1721. http://www.lpi.usra.edu/meetings/lpsc2012/pdf/1721.pdf  

[10] Asmar, S.W., R.G. Herrera, and T. Priest, Radio Science Handbook, JPL D-7938 Vol. 6, Jet 
Propulsion Laboratory, Pasadena, CA, 1995. 

http://deepspace.jpl.nasa.gov/dsndocs/810-005/
http://www.lpi.usra.edu/meetings/lpsc2012/pdf/1721.pdf
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The PDS4 Documents [1] through [3] are subject to revision. The most recent versions may be 
found at http://pds.nasa.gov/pds4/doc/. The RISE PDS4 products specified in this SIS have been 
designed based on the versions current at the time, which are those listed above. 
References [6], [7], and [8] are included in the documents collection in this archive. 

2.4 Audience 
This document serves both as a Data Product SIS and an Archive SIS. It describes the format and 
content of RISE data products in detail, and the structure and content of the archive in which the 
data products, documentation, and supporting material are stored. This SIS is intended to be used 
both by the instrument team in generating the archive, and by data users wishing to understand the 
format and content of the archive. Typically these individuals would include scientists, data 
analysts, and software engineers. 

2.5 InSight Mission 
InSight will be launched in March 2016 and will place a single geophysical lander on Mars on 
September 20, 2016, to study its deep interior. The Surface Phase consists of Deployment and 
Penetration, and Science Monitoring. It ends after one Mars year plus 40 sols.  
The science payload comprises two instruments: the Seismic Experiment for Interior Structure 
(SEIS) and the Heat-Flow and Physical Properties Probe (HP3). In addition, the Rotation and 
Interior Structure Experiment (RISE) will use the spacecraft X-band communication system to 
provide precise measurements of planetary rotation. SEIS and HP3 are placed on the surface with 
an Instrument Deployment System (IDS) comprising an Instrument Deployment Arm (IDA), 
Instrument Deployment Camera (IDC), and Instrument Context Camera (ICC). There are also 
several supporting instruments. The Auxiliary Payload Sensor Subsystem (APSS) includes the 
pressure sensor, the magnetometer, and Temperature and Wind for InSight (TWINS) sensors and 
collects environmental data in support of SEIS. These data will be used by SEIS to reduce and 
analyze their data. The radiometer (RAD) will be used by the HP3 team to measure surface 
temperature and thermal properties to support their data analysis. 

2.5.1 Landing Site 
The landing site is targeted for Elysium Planitia with estimated coordinates of 4 deg N latitude 
and 138 deg E longitude. The predicted Cartesian coordinates are shown in Table 4 in the 
IAU_MARS reference frame relative to the Mars center (SPICE code 499). Please note that 
these are pre-launch estimated position of the lander in the IAU_MARS frame, and should not be 
confused with the any estimated positions or coordinate systems after InSight landing. 
Table 4: InSight lander location in IAU_MARS frame 

 X (km) Y (km) Z (km) 

InSight Lander -2432.124 2351.137 263.853 
 

2.6 RISE Instrument Description 
The RISE instrument utilizes the X-band telecommunications capability of the InSight lander in 
combination with the coherent Doppler tracking equipment at the Deep Space Network (DSN) to 

http://pds.nasa.gov/pds4/doc/
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perform radio science experiments to determine the precession and nutation of the Martian spin 
axis. The spacecraft part of the radio science instrument (RISE) is described in Section 2.6.2 
followed by a description of the DSN (ground) part of the instrument in Section 2.6.3. 
For more information about RISE, refer to Folkner, et.al. 2012 [10]. 

2.6.1 Science Objectives 
The objective of RISE is to estimate the precession and nutation (the “wobble”) of the Martian 
spin axis. Through the estimation of the spin wobble, the size and density of the Martian core can 
be derived. The estimations of precession and nutation are based on the Doppler tracking between 
the InSight lander and the Earth-based observing stations of the Deep Space Network. A DSN 
station transmits a carrier at a known frequency to the InSight lander where the signal is detected 
and retransmitted back to the DSN, where the received frequency is measured. 
The Doppler is a measurement of the relative velocity between InSight and the DSN station. The 
measurements are crucial for navigation of the spacecraft during cruise before arrival at Mars. 
RISE measurements begin once the spacecraft has landed on the surface. These measurements are 
used as the input to the orbit determination process, where the Martian spin axis parameters are 
estimated alongside the coordinates of the lander. 
Because RISE is a radio science experiment, other radio science investigations may be performed 
using the Doppler data, for example, length-of-day (LOD) variations. 

2.6.2 InSight Telecommunications System 
The InSight telecommunications system uses both X-band and UHF systems for communications. 
The X-band system utilizes a Small Deep Space transponder (SDST) for uplink and downlink 
tracking and communications during cruise and surface operations. The UHF system is used during 
EDL for downlink-only communications and uplink and downlink communications during surface 
operations. The UHF system is used in relay-mode: the lander will communicate with current 
Martian orbiter assets which will relay the information to and from Earth. 
RISE will utilize Doppler capability the X-band communications only. No ranging data are 
planned for RISE. Although Doppler tracking is possible from the UHF system, the long 
wavelength and wide-band antennas cause too much multipath and are thus not useful for geodesy 
purposes. A block diagram of the X-band communications system as configured for RISE on the 
surface is shown below. 

 
Figure 1: InSight telecommunications configuration for RISE 

SDST  

SSPA Diplexer 
S 

MGA 

West 

MGA 
East Rx 

Tx 
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The SDST transmits a signal through the Solid-State Power Amplifier (SSPA), which amplifies 
the power for transmission. The signal goes through the diplexer where the switch (S) selects 
between using the West-facing medium-gain antenna (MGA) and the East-facing MGA. 
Due to the geometry of the lander, the East MGA will always be used during Mars morning and 
the West MGA will always be used during Mars evening. Thus, by knowing the local solar time 
at the lander’s location, it is possible to determine which antenna is being used. 
The table below describes the physical coordinates of the antennas mounted on the lander. The 
coordinate system is the Lander Mechanical Frame, referred to as the “INSIGHT_LANDER” 
frame in SPICE Kernels. 
Table 5: InSight antenna coordinates with respect to lander physical center 

Antenna X (meters) Y (meters) Z (meters) 

West MGA 0.00 -0.72 -0.13 
East MGA -0.19 0.82 -0.13 

 
InSight is identified by the Deep Space Network using a spacecraft identification code shown in 
Table 6. 
Table 6: InSight mission name, abbreviation, and ID code 

Mission Name Abbreviation Spacecraft ID 

InSight  NSYT 189 
 

2.6.3 Deep Space Network 
The Deep Space Network (DSN) is the ground network that provides tracking and communications 
for InSight. A description of the DSN from the perspective of Doppler tracking is described in this 
section. 

2.6.3.1 Instrument Overview 
Three Deep Space Communications Complexes (DSCCs) comprise the DSN tracking network. 
The Goldstone DSCC (GDSCC) is located near Barstow, CA; the Canberra DSCC (CDSCC) is 
located near Canberra, Australia; and the Madrid DSCC (MDSCC) is located near Madrid, Spain. 
The complexes are strategically placed roughly 120 degrees in longitude apart to give continuous 
coverage of the sky. Each complex is equipped with several antennas, including at least one each 
70-m, 34-m High Efficiency (HEF), and 34-m Beam WaveGuide (BWG), and associated 
electronics, and operational systems. 
Primary activity at each complex is radiation of commands to and reception of telemetry data from 
active spacecraft. Transmission and reception is possible in several radio-frequency bands, the 
most common being S-band (nominally a frequency of 2100-2300 MHz), X-band (7100-8500 
MHz), and Ka-band (31800-32300 MHz). Transmitter output powers of up to 400 kW are 
available. 
Ground stations have the ability to transmit coded and uncoded waveforms which can be echoed 
by distant spacecraft. Analysis of the received coding allows navigators to determine the distance 
to the spacecraft; analysis of Doppler shift on the carrier signal allows estimation of the line-of-
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sight spacecraft velocity. Range and Doppler measurements are used to calculate the spacecraft 
trajectory and to infer gravity fields of objects near the spacecraft. 
Ground stations can record spacecraft signals that have propagated through or been scattered from 
target media. Measurements of signal parameters after wave interactions with surfaces, 
atmospheres, rings, and plasmas are used to infer physical and electrical properties of the target. 
The Deep Space Network is managed by the Jet Propulsion Laboratory of the California Institute 
of Technology for the U.S. National Aeronautics and Space Administration. 

2.6.3.2 Subsystems 
The Deep Space Communications Complexes (DSCCs) are an integral part of Radio Science 
instrumentation, along with the spacecraft Radio Frequency Subsystem. Their system performance 
directly determines the degree of success of Radio Science investigations, and their system 
calibration determines the degree of accuracy in the results of the experiments. The following 
paragraphs describe the functions performed by the individual subsystems of a DSCC. This 
material has been adapted from Asmar, et.al. 1995 [10] and DSN 810-005, Telecommunications 
Link Design Handbook [5]. 
Each DSCC includes a set of antennas, a Signal Processing Center (SPC), and communication 
links to the Jet Propulsion Laboratory (JPL). The general configuration is illustrated below; 
antennas (Deep Space Stations, or DSS – a term carried over from earlier times when antennas 
were individually instrumented) are listed in the table. 
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Figure 2: General configuration of the NASA Deep Space Network, showing the Goldstone Deep 
Space Communications Complex in detail. 
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Table 7: DSS distribution among complexes 

Antenna Type 
Goldstone 

SPC-10 

Canberra 

SPC-40 

Madrid 

SPC-60 

26-m DSS-16 DSS-46 DSS-66 
34-m HEF DSS-15 DSS-45 DSS-65 
34-m BWG DSS-24 

DSS-25 
DSS-26 

DSS-34 
DSS-35 
DSS-361 

DSS-54 
DSS-55 

34-m HSB DSS-27 
DSS-28 

  

70-m DSS-14 DSS-43 DSS-63 
Developmental DSS-13   

 
Subsystem interconnections at each DSCC are shown in the diagram below, and they are described 
in the sections that follow. The Monitor and Control Subsystem is connected to all other 
subsystems; the Test Support Subsystem can be. 

 
Figure 3: DSCC subsystem interconnections 

2.6.3.2.1 Monitor and Control Subsystem 
The DSCC Monitor and Control Subsystem (DMC) is part of the Monitor and Control System 
(MON) which also includes the ground communications Central Communications Terminal and 
the Network Operations Control Center (NOCC) Monitor and Control Subsystem. The DMC is 
the center of activity at a DSCC. The DMC receives and archives most of the information from 
the NOCC needed by the various DSCC subsystems during their operation. Control of most of the 
DSCC subsystems, as well as the handling and displaying of any responses to control directives 

                                                 
1 DSS-36 is currently under construction. 
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and configuration and status information received from each of the subsystems, is done through 
the DMC. The effect of this is to centralize the control, display, and archiving functions necessary 
to operate a DSCC. Communication among the various subsystems is done using a Local Area 
Network (LAN) hooked up to each subsystem via a network interface unit (NIU). 

2.6.3.2.2 Antenna Mechanical Subsystem 
Multi-mission Radio Science activities require support from the 70-m, 34-m HEF, and 34-m BWG 
antenna subnets. The antennas at each DSCC function as large-aperture collectors which, by 
double reflection, cause the incoming radio frequency (RF) energy to enter the feed horns. The 
large collecting surface of the antenna focuses the incoming energy onto a subreflector, which is 
adjustable in both axial and angular position. These adjustments are made to correct for 
gravitational deformation of the antenna as it moves between zenith and the horizon; the 
deformation can be as large as 5 cm. The subreflector adjustments optimize the channeling of 
energy from the primary reflector to the subreflector and then to the feed horns. The 70-m and 34-
m HEF antennas have 'shaped' primary and secondary reflectors, with forms that are modified 
paraboloids. This customization allows more uniform illumination of one reflector by another. The 
BWG reflector shape is ellipsoidal. 
On the 70-m antennas, the subreflector directs received energy from the antenna onto a dichroic 
plate, a device which reflects S-band energy to the S-band feed horn and passes X-band energy 
through to the X-band feed horn. In the 34-m HEF, there is one 'common aperture feed,' which 
accepts both frequencies without requiring a dichroic plate. In the 34-m BWG, a series of small 
mirrors (approximately 2.5 meters in diameter) directs microwave energy from the subreflector 
region to a collection area at the base of the antenna -- typically in a pedestal room. A retractable 
dichroic reflector separates S- and X-band on some BWG antennas or X- and Ka-band on others. 
RF energy to be transmitted into space by the horns is focused by the reflectors into narrow 
cylindrical beams, pointed with high precision (either to the dichroic plate or directly to the 
subreflector) by a series of drive motors and gear trains that can rotate the movable components 
and their support structures. 
The different antennas can be pointed by several means. Two pointing modes commonly used 
during tracking passes are CONSCAN and 'blind pointing.' With CONSCAN enabled and a closed 
loop receiver locked to a spacecraft signal, the system tracks the radio source by conically scanning 
around its position in the sky. Pointing angle adjustments are computed from signal strength 
information (feedback) supplied by the receiver. In this mode the Antenna Pointing Assembly 
(APA) generates a circular scan pattern which is sent to the Antenna Control System (ACS). The 
ACS adds the scan pattern to the corrected pointing angle predicts. Software in the receiver-exciter 
controller computes the received signal level and sends it to the APA. The correlation of scan 
position with the received signal level variations allows the APA to compute offset changes which 
are sent to the ACS. Thus, within the capability of the closed-loop control system, the scan center 
is pointed precisely at the apparent direction of the spacecraft signal source. An additional function 
of the APA is to provide antenna position angles and residuals, antenna control mode/status 
information, and predict-correction parameters to the Area Routing Assembly (ARA) via the LAN, 
which then sends this information to JPL via the Ground Communications Facility (GCF) for 
antenna status monitoring. 
During periods when excessive signal level dynamics or low received signal levels are expected 
(e.g., during an occultation experiment), CONSCAN should not be used. Under these conditions, 
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blind pointing (CONSCAN OFF) is used, and pointing angle adjustments are based on a 
predetermined Systematic Error Correction (SEC) model. 
Independent of CONSCAN state, subreflector motion in at least the z-axis may introduce phase 
variations into the received Radio Science data. For that reason, during certain experiments, the 
subreflector in the 70-m and 34-m HEFs may be frozen in the z-axis at a position (often based on 
elevation angle) selected to minimize phase change and signal degradation. This can be done via 
Operator Control Inputs (OCIs) from the LMC to the Subreflector Controller (SRC) which resides 
in the alidade room of the antennas. The SRC passes the commands to motors that drive the 
subreflector to the desired position. 
Pointing angles for all antenna types are computed by the NOCC Support System (NSS) from an 
ephemeris provided by the flight project. These predicts are received and archived by the CMC. 
Before each track, they are transferred to the APA, which transforms the direction cosines of the 
predicts into AZ-EL coordinates. The LMC operator then downloads the antenna predict points to 
the antenna-mounted ACS computer along with a selected SEC model. The pointing predicts 
consist of time-tagged AZ-EL points at selected time intervals along with polynomial coefficients 
for interpolation between points. 
The ACS automatically interpolates the predict points, corrects the pointing predicts for refraction 
and subreflector position, and adds the proper systematic error correction and any manually 
entered antenna offsets. The ACS then sends angular position commands for each axis at the rate 
of one per second. In the 70-m and 34-m HEF, rate commands are generated from the position 
commands at the servo controller and are subsequently used to steer the antenna. 
When not using binary predicts (the routine mode for spacecraft tracking), the antennas can be 
pointed using 'planetary mode' -- a simpler mode which uses right ascension (RA) and declination 
(DEC) values. These change very slowly with respect to the celestial frame. Values are provided 
to the station in text form for manual entry. The ACS quadratically interpolates among three RA 
and DEC points which are on one-day centers. 
A third pointing mode -- sidereal -- is available for tracking radio sources fixed with respect to the 
celestial frame. 
Regardless of the pointing mode being used, a 70-m antenna has a special high-accuracy pointing 
capability called 'precision' mode. A pointing control loop derives the main AZ-EL pointing servo 
drive error signals from a two- axis autocollimator mounted on the Intermediate Reference 
Structure. The autocollimator projects a light beam to a precision mirror mounted on the Master 
Equatorial drive system, a much smaller structure, independent of the main antenna, which is 
exactly positioned in HA and DEC with shaft encoders. The autocollimator detects elevation/cross- 
elevation errors between the two reference surfaces by measuring the angular displacement of the 
reflected light beam. This error is compensated for in the antenna servo by moving the antenna in 
the appropriate AZ-EL direction. Pointing accuracies of 0.004 degrees (15 arc seconds) are 
possible in 'precision' mode. The 'precision' mode is not available on 34-m antennas -- nor is it 
needed, since their beamwidths are twice as large as on the 70-m antennas. 

2.6.3.2.3 Antenna Microwave Subsystem 
70-m Antennas: Each 70-m antenna has three feed cones installed in a structure at the center of 
the main reflector. The feeds are positioned 120 degrees apart on a circle. Selection of the feed is 
made by rotation of the subreflector. A dichroic mirror assembly, half on the S-band cone and half 
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on the X-band cone, permits simultaneous use of the S- and X-band frequencies. The third cone is 
devoted to R&D and more specialized work. 
The Antenna Microwave Subsystem (AMS) accepts the received S- and X-band signals at the feed 
horn and transmits them through polarizer plates to an orthomode transducer. The polarizer plates 
are adjusted so that the signals are directed to a pair of redundant amplifiers for each frequency, 
thus allowing simultaneous reception of signals in two orthogonal polarizations. For S-band these 
are S-band High Electron Mobility Transistors (HMT); for X-band the amplifiers is a X-band High 
Electron Mobility Transistor (HEMT). 
34-m HEF Antennas: The 34-m HEF uses a single feed for both S- and X-band. Simultaneous S- 
and X-band receive as well as X-band transmit is possible thanks to the presence of an S/X 
'combiner' which acts as a diplexer. For S-band, RCP or LCP is user selected through a switch so 
neither a polarizer nor an orthomode transducer is needed. X-band amplification options include 
two Traveling Wave Masers (TWMs) or a HEMT Low Noise Amplifier (LNA). S-band 
amplification is provided by a HEMT. 
34-m BWG Antennas: These antennas use feeds and low-noise amplifiers (LNA) in the pedestal 
room, which can be switched in and out as needed. For X-band, the options are TWMs or HEMT. 
At Ka-band, the LA is a HEMT. Typically the following modes are available: 

1. Downlink non-diplexed path (RCP or LCP) to LNA-1, with uplink in the opposite circular 
polarization 

2. Downlink non-diplexed path (RCP or LCP) to LNA-2, with uplink in the opposite circular 
polarization 

3. Downlink diplexed path (RCP or LCP) to LNA-1, with uplink in the same circular 
polarization 

4. Downlink diplexed path (RCP or LCP) to LNA-2, with uplink in the same circular 
polarization 

For BWG antennas with dual-band capabilities (e.g., DSS 25) and dual LNAs, each of the above 
four modes can be used in a single-frequency or dual-frequency configuration. Thus, for antennas 
with the most complete capabilities, there are sixteen possible ways to receive at a single frequency 
(2 polarizations, 2 waveguide path choices, 2 LNAs, and 2 bands). 

2.6.3.2.4 Receiver-Exciter Subsystem 
The Receiver-Exciter Subsystem is composed of two groups of equipment: the closed-loop 
receiver group and the open-loop receiver group. This subsystem is controlled by the Receiver-
Exciter Controller (REC) which communicates directly with the DMC for predicts and OCI 
reception and status reporting. 
The exciter generates the S-band signal (or X-band for the 34-m HEF only) which is provided to 
the Transmitter Subsystem for the spacecraft uplink signal. It is tunable under command of the 
Digitally Controlled Oscillator (DCO) which receives predicts from the Metric Data Assembly 
(MDA). 
The diplexer in the signal path between the transmitter and the feed horn for all three antennas 
(used for simultaneous transmission and reception) may be configured such that it is out of the 
received signal path (in listen-only or bypass mode) in order to improve the signal-to-noise ratio 
in the receiver system. 
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Closed Loop Receivers: The Block V receiver-exciter at the 70-m stations allows for two receiver 
channels, each capable of L-Band (e.g., 1668 MHz frequency or 18 cm wavelength), S-band, or 
X-band reception, and an S-band exciter for generation of uplink signals through the low-power 
or high-power transmitter. 
The closed-loop receivers provide the capability for rapid acquisition of a spacecraft signal and 
telemetry lockup. In order to accomplish acquisition within a short time, the receivers are predict 
driven to search for, acquire, and track the downlink automatically. Rapid acquisition precludes 
manual tuning though that remains as a backup capability. The subsystem utilizes FFT analyzers 
for rapid acquisition. The predicts are NSS generated, transmitted to the CMC which sends them 
to the Receiver-Exciter Subsystem where two sets can be stored. The receiver starts acquisition at 
uplink time plus one round-trip-light-time or at operator specified times. The receivers may also 
be operated from the LMC without a local operator attending them. The receivers send 
performance and status data, displays, and event messages to the LMC. 
Either the exciter synthesizer signal or the simulation (SIM) synthesizer signal is used as the 
reference for the Doppler extractor in the closed-loop receiver systems, depending on the 
spacecraft being tracked (and Project guidelines). The SIM synthesizer is not ramped; instead it 
uses one constant frequency, the Track Synthesizer Frequency (TSF), which is an average 
frequency for the entire pass. 
The closed-loop receiver AGC loop can be configured to one of three settings: narrow, medium, 
or wide. It will be configured such that the expected amplitude changes are accommodated with 
minimum distortion. The loop bandwidth (2BLo) will be configured such that the expected phase 
changes can be accommodated while maintaining the best possible loop SNR. 
Nominal carrier tracking loop threshold noise bandwidth at X-band is 10 Hz. Coherent (two-way) 
closed-loop system stability is shown in the table below: 

Integration Time (secs) Doppler Uncertainty (one sigma, microns/sec) 

10 50 
60 20 
1000 4 

2.6.3.2.5 Transmitter Subsystem 
The Transmitter Subsystem accepts the X-band frequency exciter signal from the Receiver-Exciter 
Subsystem exciter and amplifies it to the required transmit output level. The amplified signal is 
routed via the diplexer through the feed horn to the antenna and then focused and beamed to the 
spacecraft. 
The Transmitter Subsystem power capabilities range from 18 kW to 400 kW. 

2.6.3.2.6 Tracking Subsystem 
The Tracking Subsystem primary functions are to acquire and maintain communications with the 
spacecraft and to generate and format radiometric data containing Doppler and range. 
The DSCC Tracking Subsystem (DTK) receives the carrier signals and ranging spectra from the 
Receiver-Exciter Subsystem. The Doppler cycle counts are counted, formatted, and transmitted to 
JPL in real time. Ranging data are also transmitted to JPL in real time. Also contained in these 
blocks is the AGC information from the Receiver-Exciter Subsystem. The Radio Metric Data 
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Conditioning Team (RMDCT) at JPL produces a Tracking and Navigation Service File (TNF), 
which contains Doppler and ranging data. 
In addition, the Tracking Subsystem receives from the CMC frequency predicts (used to compute 
frequency residuals and noise estimates), receiver tuning predicts (used to tune the closed-loop 
receivers), and uplink tuning predicts (used to tune the exciter). From the LMC, it receives 
configuration and control directives as well as configuration and status information on the 
transmitter, microwave, and frequency and timing subsystems. 
The Metric Data Assembly (MDA) controls all of the DTK functions supporting the uplink and 
downlink activities. The MDA receives uplink predicts and controls the uplink tuning by 
commanding the DCO. The MDA also controls the Sequential Ranging Assembly (SRA). It 
formats the Doppler and range measurements and provides them to the GCF for transmission to 
NOCC. 
The Sequential Ranging Assembly (SRA) measures the round trip light time (RTLT) of a radio 
signal traveling from a ground tracking station to a spacecraft and back. From the RTLT, phase, 
and Doppler data, the spacecraft range can be determined. A coded signal is modulated on an 
uplink carrier and transmitted to the spacecraft where it is detected and transmitted back to the 
ground station. As a result, the signal received at the tracking station is delayed by its round trip 
through space and shifted in frequency by the Doppler Effect due to the relative motion between 
the spacecraft and the tracking station on Earth. 

2.6.3.2.7 Frequency and Timing Subsystem 
The Frequency and Timing Subsystem (FTS) provides all frequency and timing references 
required by the other DSCC subsystems. It contains four frequency standards of which one is prime 
and the other three are backups. Selection of the prime standard is done via the CMC. Of these 
four standards, two are hydrogen masers followed by clean-up loops (CUL) and two are cesium 
standards. These four standards all feed the Coherent Reference Generator (CRG) which provides 
the frequency references used by the rest of the complex. It also provides the frequency reference 
to the Master Clock Assembly (MCA) which in turn provides time to the Time Insertion and 
Distribution Assembly (TID) which provides UTC and SIM-time to the complex. 
JPL's ability to monitor the FTS at each DSCC is limited to the MDA calculated Doppler pseudo-
residuals, the Doppler noise, the SSI, and to a system which uses the Global Positioning System 
(GPS). GPS receivers at each DSCC receive a one-pulse-per-second pulse from the station's 
(hydrogen maser referenced) FTS and a pulse from a GPS satellite at scheduled times. After 
compensating for the satellite signal delay, the timing offset is reported to JPL where a database is 
kept. The clock offsets stored in the JPL database are given in microseconds; each entry is a mean 
reading of measurements from several GPS satellites and a time tag associated with the mean 
reading. The clock offsets provided include those of SPC 10 relative to UTC (NIST), SPC 40 
relative to SPC 10, etc. 

2.6.3.3 DSN Calibration 
Calibrations of hardware systems are carried out periodically by DSN personnel; these ensure that 
systems operate at required performance levels -- for example, that antenna patterns, receiver gain, 
propagation delays, and Doppler uncertainties meet specifications. No information on specific 
calibration activities is available. Nominal performance specifications are shown in DSN 810-005 
[5]. 
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Prior to each tracking pass, station operators perform a series of calibrations to ensure that systems 
meet specifications for that operational period. Included in these calibrations is measurement of 
receiver system temperature in the configuration to be employed during the pass. Results of these 
calibrations are recorded in (hard copy) Controller's Logs for each pass. 

2.6.3.4 Station Locations 
Station locations are documented in detail in DSN 810-005, Module 301: “Coverage and 
Geometry” [5]. Cartesian coordinates are copied here for reference along with the respective 
velocities at each DSN complex. 
Table 8: Cartesian coordinates for DSN stations in ITRF93 Reference Frame, Epoch 2003.0 

Antenna Cartesian Coordinates 

DSS ID Description X (m) Y (m) Z (m) 

DSS-13 34-m R&D –2351112.659 –4655530.636 3660912.728 
DSS-14 70-m –2353621.420 –4641341.472 3677052.318 
DSS-15 34-m HEF –2353538.958 –4641649.429 3676669.984 
DSS-24 34-m BWG –2354906.711 –4646840.095 3669242.325 
DSS-25 34-m BWG –2355022.014 –4646953.204 3669040.567 
DSS-26 34-m BWG –2354890.797 –4647166.328 3668871.755 
DSS-342 34-m BWG –4461147.093 2682439.239 –3674393.133 
DSS-352 34-m BWG −4461273.090 2682568.925 −3674152.093 
DSS-362 34-m BWG –446168.415 2682814.657 –3674083.901 
DSS-43 70-m –4460894.917 2682361.507 –3674748.152 
DSS-45 34-m HEF –4460935.578 2682765.661 –3674380.982 
DSS-54 34-m BWG 4849434.488 –360723.8999 4114618.835 
DSS-55 34-m BWG 4849525.256 –360606.0932 4114495.084 
DSS-63 70-m 4849092.518 –360180.3480 4115109.251 
DSS-65 34-m HEF 4849339.634 –360427.6637 4114750.733 

 
Table 9: Site velocities for DSN stations 

Complex X (m/year) Y (m/year) Z (m/year) 

Goldstone (1x & 2x) -0.0180 0.0065 -0.0038 
Canberra (3x & 4x) -0.0335 -0.0041 0.0392 
Madrid (5x & 6x) -0.0100 0.0242 0.0156 

 

2.6.4 Measured Parameters 
2.6.4.1 Doppler 
The Doppler Effect is caused by the relative motion between a transmitter and receiver. The 
frequency received at the ground station will differ from the frequency as transmitted by the lander. 

                                                 
2 Coordinates are estimated to 3 cm accuracy. 
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In the case of one-way Doppler (non-coherent), the spacecraft transmits a signal which is received 
at a DSN station. The downlink carrier phase is then measured and recorded as the received 
frequency. The Doppler measurement is then constructed as the difference between the transmitted 
and received frequency. In the case of two-way Doppler (coherent), the DSN station transmits a 
signal and the uplink carrier phase is then measured and recorded as the transmitted frequency. 
The spacecraft receives the signal, which is then multiplied by the turn-around ratio and re-
transmitted back to the DSN station. The DSN station then measures and records the downlink 
carrier phase. The Doppler measurement is then constructed as the difference between transmitted 
frequency and received frequency divided by the turn-around ratio. A three-way Doppler 
measurement can be constructed in the same manner as a two-way measurement using a different 
DSN station for transmission and reception. 

2.6.4.2 Sequential Range 
Sequential (SRA) Ranging is a direct measurement of the round-trip light-time between the DSN 
station and the spacecraft. A signal is coded on the uplink transmission from a DSN station and 
given a time stamp, which is then received back at Earth some time later and also time stamped. 
The received time minus transmit time is then a measurement of the round-trip light-time, or range, 
to the spacecraft. Sequential ranging can be conducted in two-way or three-way modes. 
Please note that although range data may be collected between the spacecraft and the lander, they 
are not utilized in the RISE investigation. 

2.6.5 Operational Modes 
Both the DSN and InSight’s X-band telecommunications system can be configured in different 
modes for the desired link type. 

2.6.5.1 InSight Configuration 
Nominally, four tracking passes are scheduled per week for RISE science, 45 minutes in duration 
each. Each pass is conducted in coherent mode, described in section 2.6.5.5 (below). Depending 
on the project requirements, there may or may not be telemetry modulated onto the transmission 
back to the DSN. For RISE, Doppler measurements are made at times at low elevation at the 
lander, where the Doppler signature due to the rotation of Mars is at its largest. 

2.6.5.2 Closed-Loop Receiver AGC Loop 
The closed-loop receiver AGC loop can be configured to one of three settings: narrow, medium, 
or wide. Ordinarily it is configured so that expected signal amplitude changes are accommodated 
with minimum distortion. The loop bandwidth is ordinarily configured so that expected phase 
changes can be accommodated while maintaining the best possible loop SNR. The loop bandwidth 
is nominally 10 Hz, but can be changed depending on real-time operational considerations. The 
carrier loop bandwidth used for any given Doppler measurement is specified in the TRK 2-34 file’s 
Downlink Carrier Phase CHDO. 

2.6.5.3 Coherent vs Non-Coherent Operation 
The frequency of the signal transmitted from the spacecraft can generally be controlled in two 
ways - by locking to a signal received from a ground station or by locking to an on-board oscillator. 
These are known as the coherent (or 'two-way') and non-coherent ('one-way') modes, respectively. 
Mode selection is made at the spacecraft, based on commands received from the ground. When 
operating in the coherent mode, the transponder carrier frequency is derived from the received 
uplink carrier frequency with a 'turn-around ratio' typically of 880/749. In the non-coherent mode, 
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the downlink carrier frequency is derived from the spacecraft on-board crystal-controlled 
oscillator. Either closed-loop or open-loop receivers (or both) can be used with either spacecraft 
frequency reference mode. Reception in two-way mode is usually preferred for routine tracking 
and is the nominal mode for the RISE data collection. Occasionally the spacecraft operates 
coherently while two ground stations receive the 'downlink' signal; this is sometimes known as the 
'three-way' mode.  

2.6.6 Operational Considerations 
The InSight mission is divided into four phases: launch, cruise, EDL, deployment, and science 
monitoring. RISE does not begin until the deployment phase after landing, when instrument 
checkout is performed. Since RISE is not a deployed instrument, nominally one pass will be 
conducted each week using the X-band telecommunications system for RISE. During science 
monitoring, nominally four passes will be conducted per week. 
On rare occasions the spacecraft may enter safe mode to protect itself from anomalous 
circumstances. During these times, RISE data were not collected. 

2.6.7 System Calibration 
System-level or hardware calibrations are performed routinely by DSN personnel and before each 
pass during “pre-cal”, or pre-calibration. For a brief description of this calibration, refer to section 
2.6.3.3, DSN Calibration. 
Earth’s troposphere and ionosphere cause delays and phase changes on the transmitted and 
received signals. These must be corrected for using derived troposphere and ionosphere models. 
The DSN typically provides calibration files for tracking parameters in CSP (Control Statement 
Processor) format often referred to as CSP cards (see DSN 810-013, TRK-2-23 [7] for more 
details). CSP cards effectively give the mapped zenith delay, in meters, of either Earth’s 
troposphere or ionosphere as a function of time using polynomials. These corrections apply both 
to ranging measurements (not applicable for RISE) and Doppler measurements. Troposphere CSP 
cards are derived from surface meteorology (temperature, pressure, humidity, etc.). Ionosphere 
CSP cards are derived from measurements of the ionosphere using Earth-based systems such as 
GNSS.  
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3 RISE Data Products 
3.1 Data Product Overview 
RISE data products are radio science data products routinely produced by the DSN for tracking 
and navigation of spacecraft. The primary data type is the TRK 2-34 data product: Tracking and 
Navigation Service Data files, or TNFs. TNFs are the most primitive (and most voluminous) 
product of the closed-loop system. 
TRK 2-34 files are binary files in Standard Formatted Data Unit (SFDU) format. There are 18 
distinct types of SFDUs organized into five groups. An overview of the format is provided in 
Section 5.1.1.1. 
Each TRK 2-34 file is produced in near-real time (NERT) as the spacecraft is being actively 
tracked by a given DSN station. SFDUs are ordered in the TRK 2-34 files in time-ascending order 
by the DSN. One file is produced per pass. TRK 2-34 files are reformatted for archival purposes, 
grouped by SFDU data type. A detailed process of the reformatting is described in Section 3.2.3. 
DSN Weather files are plain-text ASCII tables and are generated in near-real time from station 
monitoring data. These contain meteorology data such as temperature, pressure, humidity, etc. at 
a given DSN complex. These files are reformatted into tabular format for archival purposes. 
Troposphere and Ionosphere files are plain-text ASCII stream files containing adjustments that 
should be made to the tracking data. These calibrations are provided in CSP (Control Statement 
Processor) cards. Each file is updated every several days and span one-month in duration. 

3.2 Data Processing 
This section describes the processing of RISE data products, their structure and organization, and 
their labeling. 

3.2.1 Data Processing Levels 
Data processing levels mentioned in this SIS refer to the PDS4 processing level described in Table 
10. 
Table 10: Data processing level definitions 
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PDS4 
processing level  PDS4 processing level description 

CODMAC 
Level (used 

in PDS3) 

NASA Level 
(used in 
PDS3) 

n/a Telemetry data with instrument data embedded. PDS 
does not archive telemetry data. 

1 0 

Raw 

Original data from an instrument. If compression, 
reformatting, packetization, or other translation has 
been applied to facilitate data transmission or storage, 
those processes are reversed so that the archived data 
are in a PDS approved archive format. Often call 
EDRs (Experimental Data Records). 

2 1A 

Partially 
Processed 

Data that have been processed beyond the raw stage 
but which have not yet reached calibrated status. 
These and more highly processed products are often 
called RDRs (Reduced Data Records). 

3 1A 

Calibrated 
Data converted to physical units, which makes values 
independent of the instrument. 

4 1B 

Derived 

Results that have been distilled from one or more 
calibrated data products (for example, maps, gravity 
or magnetic fields, or ring particle size distributions). 
Supplementary data, such as calibration tables or 
tables of viewing geometry, used to interpret 
observational data should also be classified as 
‘derived’ data if not easily matched to one of the other 
three categories. 

4+ 2+ 

 
RISE data products described in this SIS are considered NASA Level 0 or 1A (Raw) data products. 

3.2.2 Data Product Generation 
DSN tracking data (Doppler and Range measurements) are generated in near-real time (once every 
second) by the Downlink Tracking and Telemetry (DTT) Subsystem of the DSCC as the spacecraft 
is actively communicating with the ground. Tracking data are sent to the Tracking Data Delivery 
Subsystem (TDSS) which distributes tracking data in TRK 2-34 format to the Radiometric Data 
Conditioning (RMDC) Team. Tracking data are finally delivered via FTP server to the RISE team. 
DSN weather, troposphere, and ionosphere calibration files are generated by the Tracking System 
Analytic Calibration (TSAC) group and delivered via FTP server to the RISE team. 
Table 11 describes each file type, size, generation frequency, and source. 
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Table 11: RISE data products overview 

File Abbr
ev. 

File 
Type 

Generation 
Frequency 

Update 
Frequency 

File Size Source 

Tracking and 
Navigation File 
(TRK 2-34) 

TNF Binary Per-pass Real-time 5 MB/hour 
(X-up/X-
down) 

RMDC 

Ionosphere 
Calibration File 
(TRK 2-23) 

ION ASCII Monthly Weekly 028 
kB/month 

TSAC 

Troposphere 
Calibration File 
(TRK 2-23) 

TRO ASCII Monthly Weekly 160 
kB/month 

TSAC 

Weather File 
(derived from 
TRK 2-24) 

WEA ASCII Yearly Daily 1.1 MB/year TSAC 

 

3.2.3 Data Flow 
This section describes only those portions of the InSight data flow that are directly connected to 
RISE archiving. A full description of InSight data flow is provided in the InSight Archive 
Generation, Validation, and Transfer Plan [4].  
The RISE team performs minimal reformatting of the TRK 2-34 Tracking and Navigation File for 
delivery to PDS. For archival purposes, the TRK 2-34 file is re-grouped such that common-type 
SFDUs are together and are not necessarily in time-ascending order. For example, all Format Code 
00 (uplink carrier phase) are grouped together at the start of the file, followed by all Format Code 
01 (downlink carrier phase), etc. Note: each file will only contain the SFDU data types that were 
generated for that particular pass, e.g. not every TRK 2-34 file will contain every data type. 
Additionally, TRK 2-24 DSN Weather Files are reformatted into tabular format. 
It is important to note that although these two data products have been reformatted to be PDS4-
compliant, no processing has been performed on the data. 
Once in PDS-compliant format, the RISE team generates XML labels, assembles the data and 
documentation into archive bundles, and delivers the bundles to the PDS Geosciences Node. 
Deliveries take place according to the release schedule agreed upon by the InSight project and 
PDS as specified in the InSight Archive Plan [4]. The Geosciences Node validates the bundles and 
makes them available to the public online. 

3.3 Standards Used in Generating Data Products 
RISE products and labels comply with Planetary Data System standards, including the PDS4 data 
model, as specified in applicable documents [1], [2] and [3].  

3.3.1 Time Standards 
All data products in this archive use the UTC (Universal Time Coordinated) standard time format. 
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3.3.2 Coordinate Systems 
The data products contained in this archive are not dependent on the definition of a coordinate 
system. 
Coordinates for the DSN stations are provided in ITRF93 and coordinates for the spacecraft 
antenna locations are provided in the spacecraft-fixed reference frame. See Section 2.6 for more 
details. 

3.3.3 Data Storage Conventions 
RISE products are stored in either binary or ASCII format depending on the data product: TRK 2-
34 Tracking and Navigation Files are stored as uncompressed binary data files with integer, 
complex, floating point, and string data in most-significant byte first order (i.e. big-endian). DSN 
Weather files are ASCII tables with floating-point data. Troposphere and Ionosphere calibration 
files are stored as ASCII text in CSP cards. 

3.4 Applicable Software 
Software for parsing, reducing, and analyzing data such as these have been developed at several 
institutions. Because such software must usually operate at the bit-level and is written for a narrow 
range of platforms, it is not suitable for general distribution. No software is included with this 
archival data set. 
The SPICE toolkit is generally useful for analyzing data that are derived from these tracking data 
and is available on the NAIF node of PDS: http://naif.jpl.nasa.gov/naif/toolkit.html.  

3.5 Backups and duplicates 
The Geosciences Node keeps two copies of each archive product. One copy is the primary online 
archive copy, another is a backup copy. Once the archive products are fully validated and approved 
for inclusion in the archive, a third copy of the archive is sent to the NASA Space Science Data 
Coordinated Archive (NSSDCA) for long-term preservation in a NASA-approved deep-storage 
facility. The Geosciences Node may maintain additional copies of the archive products, either on 
or off-site as deemed necessary.  
 
 

http://naif.jpl.nasa.gov/naif/toolkit.html
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4 RISE Archive Organization, Identifiers and Naming Conventions 
This section describes the basic organization of the RISE raw data archive under the PDS4 
Information Model (IM) (Applicable Documents [1] and [3]), including the naming conventions 
used for the bundle, collection, and product unique identifiers. 

4.1 Logical Identifiers 
Every product in PDS is assigned an identifier which allows it to be uniquely identified across the 
system. This identifier is referred to as a Logical Identifier or LID. A LIDVID (Versioned Logical 
Identifier) includes product version information, and allows different versions of a specific product 
to be referenced uniquely. A product’s LID and VID are defined as separate attributes in the 
product label. LIDs and VIDs are assigned by PDS and are formed according to the conventions 
described in sections 4.1.1 and 4.1.2 below. The uniqueness of a product’s LIDVID may be 
verified using the PDS Registry and Harvest tools. 

4.1.1 LID Formation 
LIDs take the form of a Uniform Resource Name (URN). LIDs are restricted to ASCII lower 
case letters, digits, dash, underscore, and period. Colons are also used, but only to separate 
prescribed components of the LID. Within one of these prescribed components dash, underscore, 
or period are used as separators. LIDs are limited in length to 255 characters. 
InSight RISE LIDs are formed according to the following conventions: 

• Bundle LIDs are formed by appending a bundle specific ID to the base ID: 
urn:nasa:pds:<bundle ID> 
Example: urn:nasa:pds:insight_rise_raw 

The bundle ID must be unique across all products archived with the PDS. 
• Collection LIDs are formed by appending a collection specific ID to the collection’s parent 

bundle LID: 
urn:nasa:pds: <bundle ID>:<collection ID> 
Example: urn:nasa:pds:insight_rise_raw:trk234_trknav 

Since the collection LID is based on the bundle LID, which is unique across PDS, the only 
additional condition is that the collection ID must be unique across the bundle. Collection 
IDs correspond to the collection type (e.g. “browse”, “data”, “document”, etc.). Additional 
descriptive information may be appended to the collection type (e.g. “data-raw”, “data-
calibrated”, etc.) to insure that multiple collections of the same type within a single bundle 
have unique LIDs. 

• Basic product LIDs are formed by appending a product specific ID to the product’s parent 
collection LID: 

urn:nasa:pds: <bundle ID>:<collection ID>:<product ID> 
Example: 
urn:nasa:pds:insight_rise_raw:trk234_trknav:nsyt_maro_2008_015_1541xmmv1 
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Since the product LID is based on the collection LID, which is unique across PDS, the only 
additional condition is that the product ID must be unique across the collection. Often the 
product LID is set to be the same as the data file name without the extension. See section 
4.5 below for examples of RISE data product LIDs. 

4.1.2 VID Formation 
Product Version IDs consist of major and minor components separated by a “.” (M.n). Both 
components of the VID are integer values. The major component is initialized to a value of “1”, 
and the minor component is initialized to a value of “0”. The minor component resets to “0” when 
the major component is incremented. The PDS Standards Reference [1] specifies rules for 
incrementing major and minor components. 

4.1.3 File Naming Convention 
RISE files are named per the following convention. In the table below, yyyy, ddd, and hhmm 
indicates the four-digit starting year, three-digit starting day of year, and four-digit starting time in 
HHMM format; successive yyyy and ddd indicates the four-digit ending year and three-digit ending 
day of year; ss indicates the two-digit DSN station (if more than one DSN station is in the file, mm 
will be written for multiple DSN station); and vv indicates the major version, e.g. v1. 
Table 12: RISE data product naming convention 

Data Product Type Naming Convention 

TRK 2-34 Tracking and Navigation Files nsyt_maro_yyyy_ddd_hhmmssvv.tnf 

Weather/Surface Meteorology nsyt_maro_yyyy_ddd_yyyy_ddd_ss.wea 

Troposphere Calibration Files nsyt_maro_yyyy_ddd_yyyy_ddd_tro.csp 

Ionosphere Calibration Files nsyt_maro_yyyy_ddd_yyyy_ddd_ion.csp 

 

4.2 Bundles 
The highest level of organization for a PDS archive is the bundle. A bundle is a set of one or more 
related collections which may be of different types. A collection is a set of one or more related 
basic products which are all of the same type. Bundles and collections are logical structures, not 
necessarily tied to any physical directory structure or organization. 

The complete InSight RISE archive is organized into the bundles described in Table 13. This SIS 
addresses only the Raw Data Bundle. 
Table 13: RISE Bundles 

Bundle Logical Identifier 
PDS4 

Processing 
Level 

Description 

urn:nasa:pds:insight_rise_raw Raw RISE Raw Data Bundle 
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Bundle Logical Identifier 
PDS4 

Processing 
Level 

Description 

urn:nasa:pds:insight_rise_derived Derived RISE Derived Data Bundle 

 

4.3 Collections 
Collections consist of basic products all of the same type. The RISE Raw Data Bundle contains 
the collections listed in Table 14. These are described in section 4.5. 
Table 14: Collections in the RISE Raw Data Bundle 

Collection Logical Identifier Collection 
Type Description 

urn:nasa:pds:insight_rise_raw:trk234_trknav Data TRK 2-34 
Tracking and 

Navigation Data 
File (TNF) 

urn:nasa:pds:insight_rise_raw:trk223_ionosphere Data TRK 2-23 Media 
Calibration 

Interface Files, 
Ionosphere 

urn:nasa:pds:insight_rise_raw:trk223_troposphere Data TRK 2-23 Media 
Calibration 

Interface Files, 
Troposphere 

urn:nasa:pds:insight_rise_raw:trk224_weather Data DSN Weather 
Files 

urn:nasa:pds:insight_documents:document_rise Documents Documentation in 
support of the data 

contained in the 
insight_rise_raw 

bundle 

 

4.4 Products 
A PDS product consists of one or more data objects and an accompanying PDS label file. PDS 
labels provide identification and description information for labeled objects. The PDS label 
includes a Logical Identifier (LID) by which any PDS labeled product is uniquely identified 
throughout all PDS archives. PDS4 labels are XML-formatted ASCII files.  
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The tables below give examples of LIDs for data products in the RISE collections. 

4.4.1 RISE Raw Data Collection 
The following table gives examples of LIDs for raw data. The LID for a raw data product is formed 
by appending the file name, without its extension, to the collection LID. 
Table 15: Examples of RISE Raw Data LIDs 

Data Product Type Example LID 

TRK 2-34 Tracking and 
Navigation File 

urn:nasa:pds:insight_rise_raw:trk234_trknav:nsyt_maro_2008_015_1
541xmmv1 

TRK 2-23 Troposphere 
Calibration File 

urn:nasa:pds:insight_rise_raw:trk223_troposphere:nsyt_maro_2008_
001_2008_032 

TRK 2-23 Ionosphere 
Calibration File 

urn:nasa:pds:insight_rise_raw:trk223_ionosphere:nsyt_maro_2008_0
01_2008_032 

DSN Weather File urn:nasa:pds:insight_rise_raw:trk224_weather:nsyt_maro_2008_001_
2008_366_10 

 
 

4.5 InSight Document Bundle and Collections 
Documents are also considered products by PDS, and have LIDs, VIDs and PDS4 labels just as 
data products do. The InSight archives include an InSight Document Bundle, which consists of 
collections of documents relevant to the mission itself and all the science experiments. The RISE 
Team is responsible for the RISE document collection in this bundle.  
Table 16: Collections in the InSight Document Bundle 

Collection Logical Identifier Description 

urn:nasa:pds:insight_documents:document_mission InSight mission, spacecraft and lander 
descriptions 

urn:nasa:pds:insight_documents:document_apss APSS SIS, instrument description, and 
other relevant documents 

urn:nasa:pds:insight_documents:document_camera Camera SIS, instrument description, 
and other relevant documents 

urn:nasa:pds:insight_documents:document_hp3rad HP3/RAD SIS, instrument description, 
and other relevant documents 

urn:nasa:pds:insight_documents:document_ida IDA SIS, instrument description, and 
other relevant documents 
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urn:nasa:pds:insight_documents:document_mag MAG SIS, instrument description, and 
other relevant documents 

urn:nasa:pds:insight_documents:document_rise 
RISE SIS (this document), instrument 
description, and other relevant 
documents 

urn:nasa:pds:insight_documents:document_seis SEIS SIS, instrument description, and 
other relevant documents 

urn:nasa:pds:insight_documents:document_spice SPICE relevant documents 

  
Documents in the InSight Document Collections are assigned LIDs based on file names such that 
they are unique identifiers. 
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5  RISE Archive Product Formats 
Data that comprise the RISE raw data archive are formatted in accordance with PDS specifications 
(see Applicable Documents [1], [2] and [3]). This section provides details on the formats used for 
each of the products included in the archive. 

5.1 Data Product Formats 
This section describes the format and record structure of each of the data file types. 

5.1.1 Raw data file data structure 
5.1.1.1 TRK 2-34 Tracking and Navigation File 
Full documentation of the TRK 2-34 file is provided in PDF/A format in the documents collection 
in the RISE raw data archive under the name “TRK-2-34-REVN-L5_TNF.PDF”. This is an official 
DSN document with the name “TRK 2-34 DSN Tracking System Data Archival Format”. This 
document is one of several in the DSN 820-013 collection. A summary of the contents is given 
below. 
TRK 2-34 files are binary files in a Standard Formatted Data Unit (SFDU) format. There are 18 
possible record types in a TRK 2-34 file, distinguished by a unique Format Code in the Primary 
CHDO. 
Table 17: Record types contained in a TRK 2-34 file 

Format 
Code 

Secondary 
CHDO Type Description SFDU Length (bytes) 

0 Uplink Uplink Carrier Phase 162 
1 Downlink Downlink Carrier Phase 358 
2 Uplink Uplink Sequential Ranging Phase 194 
3 Downlink Downlink Sequential Ranging Phase 304 
4 Uplink Uplink PN Ranging Phase 276 
5 Downlink Downlink PN Ranging Phase 388 
6 Derived Doppler Count 200 
7 Derived Sequential Range 330 
8 Derived Angles 178 
9 Derived Ramp Frequency 124 
10 Interferometric VLBI 204 
11 Derived DRVID 182 
12 Filtered Smoothed Noise 164 
13 Filtered Allan Deviation 160 
14 Derived PN Range 348 
15 Derived Tone Range 194 
16 Derived Carrier Frequency Observable 182 + 18*n 
17 Derived Total Count Phase Observable 194 + 22*n 
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Each SFDU is organized as illustrated in Figure 4. Only one of the 18 possible content blocks (the 
last element in the tree) in shown will appear in any given SFDU. Only its parent Secondary CHDO 
will appear before it in the SFDU. 

 
Figure 4: TRK 2-34 SFDU format 
Due to the complexity of the file, the detailed TRK 2-34 format is not given here; see [6] included 
in the documents collection of the RISE raw data bundle. 
A typical RISE TRK 2-34 file should contain the following data types: 

• Uplink carrier phase (Format code 00) 
• Downlink carrier phase (Format code 01) 
• Ramp (Format code 09) 
• Doppler count (Format code 06) 
• Carrier frequency observable (Format code 16) 
• Total count phase observable (Format code 17) 

SFDU Label

Aggregation CHDO 
Label

Primary CHDO

Secondary CHDO #134
Derived data types

06: Doppler count

07: Sequential range

08: Angle

11: DRVID

14: PN range

15: Tone range

16: Carrier frequency 
observable

17: Total count 
phase observable

Secondary CHDO #132
Uplink data types

00: Uplink carrier 
phase

02: Uplink sequential 
ranging phase

04: Uplink PN 
ranging phase

09: Ramp

Secondary CHDO #133
Downlink data types

01: Downlink Carrier 
phase

03: Downlink 
sequential ranging 

phase

05: Downlink PN 
ranging phase

Secondary CHDO #135
Interferometric data types

10: VLBI

Secondary CHDO #136
Filtered data types

12: Smoothed noise

13: Allan deviation
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Note that Format codes 16 and 17 can be variable in length. For RISE, they are fixed with one 
observation (n=1) per SFDU. Additional data types may be present depending on the configuration 
of the DSN during the RISE pass. 

5.1.1.2 TRK 2-23 Media Calibration Interface File 
Troposphere and Ionosphere files are plain-text ASCII stream files containing adjustments that 
should be made to the tracking data. These calibrations are provided as CSP (Control Statement 
Processor) “cards.” Each file is updated every several days and spans one-month, including both 
reconstruction and prediction if the release data is in the middle of the month. The file format and 
how to read CSP cards are described in “TRK-2-23-REVC-L5_ION_TRO.PDF”, provided in the 
documents collection in this archive with the name “TRK 2-23 Media Calibration Interface” [7]. 
These files are labeled as Product_Ancillary files [2], [3]. Multiple TRK 2-34 Tracking Data Files 
may be calibrated by a single TRK 2-23 file. 

5.1.1.3 Weather File 
DSN Weather files are plain-text ASCII tables and are generated in near-real time from station 
monitoring data. Meteorology points are stored in the table every hour. One file is produced per 
year and continually updated every few days. The DSN weather file is reformatted from the 
original format into tabular format to be PDS4-compliant. The original file format is described in 
“TRK 2-24 DSN Tracking System Interfaces: Weather Data Interface”, provided in the 
DOCUMENT directory in this archive with the name “TRK-2-24-REVA-L5_WEA.PDF” [8]. 
The DSN Weather file included in the RISE raw data archive is reformatted from the original TRK 
2-24 format into tabular format for archival purposes. The plain-text ASCII table has fixed-width 
records with nine right-justified fields. Each record is terminated with a carriage-return new-line. 
The record structure is specified as follows: 
Table 18: Format of the weather data file 

Field 
Number Description Number 

Format Start Byte End Byte 

1 DSN Complex ID 
10 = Goldstone DSCC 
40 = Canberra DSCC 
60 = Madrid DSCC 

Integer 1 10 

2 Calendar year Integer 11 20 
3 Day of year Integer 21 30 
4 Time of day, in HHMM format Integer 31 40 
5 Dew Point Temperature, in Celsius Float 41 50 
6 Surface Air Temperature, in Celsius Float 51 60 
7 Surface pressure, in millibars Float 61 70 
8 Water partial pressure, in millibars Float 71 80 
9 Percent relative humidity Integer 81 90 
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5.2 Document Product Formats 
Documents in this archive are provided as PDF/A (www.pdfa.org/download/pdfa-in-a-nutshell) 
or as plain ASCII text if no special formatting is required. 

5.3 PDS Labels 
Each RISE product is accompanied by a PDS4 label. PDS4 labels are ASCII text files written in 
the eXtensible Markup Language (XML). Product labels are detached from the files they describe 
(with the exception of the Product_Bundle label). There is one label for every product. A product, 
however, may consist of one or more data objects. The data objects of a given product may all 
reside in a single file, or they may be stored in multiple files, in which case the PDS4 label points 
to all the files. A PDS4 label file usually has the same name as the data product it describes, but 
always with the extension “.xml”. 
Documents are also considered to be products; they have PDS4 labels just as other products do. 
For the InSight mission, the structure and content of PDS labels will conform to the PDS master 
schema and Schematron files based upon the PDS Information Model [3]. By use of an XML 
editor the schema and Schematron files may be used to validate the structure and content of the 
product labels. In brief, the schema is the XML model that PDS4 labels must follow, and the 
Schematron files are a set of validation rules that are applied to PDS4 labels. 
The PDS master schema and Schematron files documents are produced, managed, and supplied to 
InSight by the PDS. In addition to these documents, the InSight mission has produced additional 
XML schemas and Schematron files which govern the products in this archive. These documents 
contain attribute and parameter definitions specific to the InSight mission. A list of the XML 
documents associated with this archive is provided at http://pds.nasa.gov/pds4/schema/released/.  

http://www.pdfa.org/download/pdfa-in-a-nutshell/
http://pds.nasa.gov/pds4/schema/released/
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Appendix A Support staff and cognizant persons 
Table 19: Archive support staff 

RISE Team 

Name Affiliation Email 

Dustin R. Buccino 
RISE Instrument Operations 
Engineer 

JPL Dustin.R.Buccino@jpl.nasa.gov 

Sami W. Asmar 
RISE Co-Investigator JPL Sami.W.Asmar@jpl.nasa.gov 

William M. Folkner 
RISE Co-Investigator JPL William.M.Folkner@jpl.nasa.gov 

   

PDS Geosciences Node 

Name Affiliation Email 

Raymond Arvidson 
Director 

Washington 
University arvidson@wunder.wustl.edu 

Edward Guinness Washington 
University guinness@wustl.edu 

Susan Slavney Washington 
University susan.slavney@wustl.edu 
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