SIR-2

Near Infrared Spectrometer

EAICD

CHANDRAYAAN-1

SIR-2 to Planetary Archive Interface Control Document

C1-SIR-ICD-3004

30.10.09

Prepared by the SIR-2 Team

Distribution List
Recipient
Organization

Dr. U. Mall
Max-Planck-Institut für Sonnensystemforschung 

D-37191 Katlenburg-Lindau, Germany

Dr. D. Annadurai


INDIAN SPACE RESEARCH ORGANISATION

Bangalore – 560017

IN India

Dr. Patrick Martin
ESA ESTEC, SCI-AM

Postbus 299

2200 AG Noordwijk

NL Netherlands

Dr. Detlef Koschny


ESA ESTEC, SCI-AM

Keplerlaan 1

2200 AG Noordwijk

NL Netherlands

Dr. Bjoern Grieger
ESAC, SCI-OS

P.O. Box 78

E-28691 Villaneuva de la Canada

Madrid

Spain

Dr. Andreas Nathues
Max-Planck-Institut für Sonnensystemforschung 

D-37191 Katlenburg-Lindau, Germany

Arne Dannenberg
Max-Planck-Institut für Sonnensystemforschung 

D-37191 Katlenburg-Lindau, Germany

B Gopala Krishna


Space Applications Centre (ISRO)

Ahmedabad – 380 015

IN India



Change Log
Date
Sections Changed
Reasons for Change





















































Table of Contents
1 Introduction
8

1.1 Purpose and Scope
8

1.2 Contents
8

1.3  Intended Readership
8

1.4 Applicable Documents
8

1.5 Reference Documents
9

1.6 Acronyms and Abbreviations
10

1.7 Contact Names and Addresses
12

2 Description of the instrument
14

2.1 Scientific Objectives
16

3 Overview of Process and product generation
24

3.1 Pre-Flight Data Products
24

3.2 Instrument Calibrations
24

3.3 In-Flight Data Products
24

3.4 Software
24

3.5   Documentation
24

3.6 Derived and other Data Products
24

4 Archive Format and Content
25

4.1  Format and Conventions
25

4.1.1 Deliveries and Archive Volume Format
25

4.1.2   Data Set ID Formation
25

4.1.3 Data Directory Naming Convention
25

4.1.4 Filenaming Convention 
26

5 Standards Used in Data Product Generation
27

5.1 PDS Standards
27

5.2 Time Standards
27

5.2.1 START_TIME and STOP_TIME Formation
27

5.3 Reference Systems
27

5.4 Other Applicable Standards
28

6  Data Validation
28

7 PDS content for Long Term Archive
29

7.1 Volume Set
29

7.2 Data Set
29

7.3 Directories
29

7.4 Root Directory
29

7.5 Calibration Directory
30

7.6 Catalog Directory
30

7.7  Index Directory
31

7.8  Browse Directory and Browse Files
31

7.9 Geometry Directory
31

7.10 Software Directory
32

7.11 Gazetteer Directory
32

7.12 Label Directory
32

7.13 Document Directory
32

7.14 Extras Directory
32

7.15 Data Directory
32

8 Detailed Interface Specification
33

8.1 Data Product Design
33

8.1.1 L1b Data Label and Data Structure Design
33

8.1.2 SIR-2 Instrument Science Data: Data Product Design 
33

8.1.2.1 PDS Version ID
33

8.1.2.2 File Characteristics Data
34

8.1.2.3 Pointer to Data Objects
34

8.1.2.4 Identification Data Elements
35

8.1.2.5 Data and Time Related Information
36

8.1.2.5.1 Instrument Related Parameters
37

8.1.2.5.2 Data Objects Definition
37

8.1.2.5.3 SIR SC Table
38

8.1.2.5.4 Exposure Time
39

8.1.2.5.5 Real Exposure Time
40

8.1.2.5.6 Spectrum
40

 Data Quality ID
41

8.1.2.5.7 Longitude
41

8.1.2.5.8 Latitude
42

8.1.2.5.9 Incidence Angle
42

8.1.2.5.10  Phase Angle
43

8.1.2.5.11  Emission Angle
43

8.1.2.5.12  Local Hour Angle
44

8.1.2.5.13  Sub Spacecraft Longitude
44

8.1.2.5.14  Sub Spacecraft Latitude
45

8.1.2.5.15  Spacecraft Altitude
45

8.1.2.5.16  Sittime
46

8.1.2.5.17  MMODE
47

8.1.2.5.18  AVERAGE
48

8.1.2.5.19  ADCDEL
48

8.1.2.5.20  READDIV
49

8.1.2.5.21  NSPEC
49

8.1.2.5.22  PXPER
50

8.1.2.5.23  NSMPL
50

8.1.2.5.24  CCSDS Counter
51

8.1.2.5.25  HK Clock
51

8.1.2.5.26  HK Clock OBT Synchronization
52

8.1.2.5.27  OBT Synchronization
52

8.1.2.5.28  TEC
53

8.1.2.5.29  TEC Volt
53

8.1.2.5.30  TEC CURR
54

8.1.2.5.31  CMON5A
54

8.1.2.5.32  CMON1D
55

8.1.2.5.33 CMON3D
55

8.1.2.5.34  CMON5D
56

8.1.2.5.35  VMON5A
56

8.1.2.5.36  V14 Volt
57

8.1.2.5.37  VMON3D
57

8.1.2.5.38  ISU PDA TEMP
58

8.1.2.5.39  ISU PCB TEMP
58

8.1.2.5.40  PSU PCB TEMP
59

8.1.2.5.41  COOL TEMP
59

8.1.2.5.42  QUA TEMP
60

8.1.2.5.43   VMON5D
60

8.1.2.5.44  VMON1D
61

8.1.2.5.45  ERRORID
61

8.1.3 SIR-2 Instrument Housekeeping Data: Data Product Design
62

8.1.3.1 PDS Version ID 
62

8.1.3.2 File Characteristics Data Elements
62

8.1.3.3 Pointer to Data Objects
62

8.1.3.4 Identification Data Elements
63

8.1.3.5 Data and Time Related Information
64

8.1.3.6 Instrument Related Parameters
65

8.1.3.7 Data Objects Definition
65

8.1.3.7.1 SIR2 HK Table
66

8.1.3.7.2 UTC Time
66

8.1.3.7.3 SCET Time
67

8.1.3.7.4 HK Clock
67

8.1.3.7.5 HK Clock OBT Synchronization
68

8.1.3.7.6 OBT Synchronization
68

8.1.3.7.7 TEC
69

8.1.3.7.8 TEC Volt
69

8.1.3.7.9 TEC CURR
70

8.1.3.7.10  CMON5A
70

8.1.3.7.11  CMON1D
71

8.1.3.7.12  CMON3D
71

8.1.3.7.13  CMON5D
72

8.1.3.7.14  VMON5A
72

8.1.3.7.15  V14 Volt
73

8.1.3.7.16  VMON3D
73

8.1.3.7.17  ISU PDA TEMP
74

8.1.3.7.18  ISU PCB TEMP
74

8.1.3.7.19  PSU PCB TEMP
75

8.1.3.7.20  COOL TEMP
75

8.1.3.7.21  QUA TEMP
76

8.1.3.7.22  VMON5D
76

8.1.3.7.23  VMON1D
77

8.1.3.7.24  CCSDS Counter
77

8.1.3.7.25  ERRORID
78

8.2 Sample Labels
79

8.2.1 PDS version
79

8.2.2 File Characteristics and data elements
79

8.2.3 Identification Data Elements
79

8.2.4 Descriptive related parameters                                      
80

8.2.5 Data objects definition
82

9 Appendix: Available Software to read PDS files
98

10 Appendix: Directory Listing of Data Set CH1ORB-SIR2-2-NPO-V1.0
98


1 Introduction

1.1 Purpose and Scope

The purpose of this EAICD (Experimenter to (Science) Archive Interface Control Document) is to provide users of the SIR-2 instrument with detailed description of the product and a description of how it was generated, including data sources. Secondly, it is the official interface between the SIR-2 instrument team and the archiving authority.  

1.2 Contents

This document describes the data flow of the SIR-2 instrument on CHANDRAYAAN-1 from the s/c until the insertion into the Chandrayaan-1 Science Data Archive (CSDA). It includes information on how data were processed, formatted, labeled and uniquely identified. The document discusses general naming schemes for data volumes, data sets, data and label files. Standards used to generate the product are explained. Software that may be used to access the product is explained further on.

The design of the data set structure and the data product is given. Examples of these are given in the appendix.

1.3  Intended Readership

The staff of the archiving authority (Chandrayaan-1 Science Data Archive, CSDA) and any potential user of the SIR-2 data.

1.4 Applicable Documents


Name
Reference

AD1
Planetary Data System Preparation Workbook Part 1
JPL-D-7669/3.1, 01 Feb 1995

AD2
Planetary Data System Standards Reference
JPL-D-7669/3.5, 30 Oct 2002

AD3
CHANDRAYAAN-1 Archive Plan
CH1-SAC-PL-001, Issue 1, Rev.a, 31 Dec 2007

AD4
CHANDRAYAAN-1 Archive Conventions
CH1-SAC-PL-002, Issue 1, Rev. a, 31 Dec 2007

1.5 Reference Documents


Name
Reference

RD1
Navigation and Ancillary Information Facility (NAIF), 
http://pds-naif.jpl.nasa.gov

RD2
SIR-2 PFM User Manual
C1-SIR-MA-3001 2.3, 26 Sep 2007

RD3



RD4



1.6 Acronyms and Abbreviations

A/D
Analog Digital Converter

ADC
Analog Digital Converter

AGND
Analog Ground

Anti-SS
Anti Sun Side

APID
Application Process Identifier

ASS
Anti Sun Side

BC
Bus Controller

BDH
Base-band Data Handling

BMU
Bus Management Unit

C-1
Chandrayaan-1

CAD
Computer Aided Design

CCSDS
Consultative Committee for Space Data Systems

CDR
Critical Design Review

CMD
Command

CMDAD
Command Address

CMOS
Complementary Metal Oxide Semiconductor

CoG
Center of Gravity

CPU
Central Processor Unit

CS
Checksum

CSDA
Chandrayaan-1 Science Data Archive

CSR
Clementine Spectral Reflectance

DC
Direct Current

DC/DC
DC to DC Converter

DGND
Digital Ground

DH
Data Handling

EAICD
Experimenter to (Science) Archive Interface Control Document

E-Box
Electronic Box

EEM
Electrical Engineering Model 

EEPROM
Electrical Erasable PROM

EGSE
Electrical Ground Support Equipment

EMC
Electromagnetic Compatibility

EMI
Electromagnetic Interference

ESA
European Space Agency

ESD
Electro Static Discharge

ETO
Earth Transfer Orbit

FoV
Field of View

FPGA
Field Programmable Gate Array

FS
flight spare

FS
Flight Spare

GTO
Geostationary Transfer Orbit 

H/W
Hardware

HK
Housekeeping

HKDP
Housekeeping Data Package

HySI
Hyper Spectral Imager

I/F
Interface

I/O
Input / Output

ICD
Interface Control Document

ICU
Instrument Control Unit

IEH
Instrument External Harness

IHDM
Instrument Health Data Message 

ILH
Instrument Local Harness

InGaAs
Indium Gallium Arsenide 

INP
Input Power Supply

IP-core
Intellectual Property Core

IR
Infrared

ISO
International Standard Organization

ISR
interrupt service routine

ISRO
Indian Space Research Organization

ISSDC
Indian Space Science Data Centre

ISU
Instrument Sensor Unit

LOI
Lunar Insertion Maneuver 

LTT
Lunar Transfer Orbit 

LVDS
Low Voltage Differential Signal

M3
Moon Mineralogy Mapper

M4
metric screw thread 4mm

MD 
Mass Dummy

MDDP
Memory Dump Data Package

MICD
Mechanical Interface Control Document

MIL-Std
Military Standard

MLI
Multi Layer Insulation

MoI
Moment of Inertia

MOSFET
Metal Oxide Semiconductor Field Effect Transistor

MPS
Max-Planck-Institute for Solar System Research

MUX
Multiplexer

NA
Not applicable

NIR
Near Infrared

O-Box
Optics Box

OBT
Onboard Time

OGSE
Optical Ground Support Equipment

OPAMPS
Operation Amplifiers

OSIRIS
Optical, Spectroscopic, and Infrared Remote Imaging System

PCB
Printed Circuit Board

PDA
Photo Diode Array

PDS
Planetary Data System

PFM
Proto Flight Model

PID
Proportional plus integral plus derivative controller

POC
Payload Operations Centre

PREP
Preparation Mode of SIR-2

PROM
Programmable Read Only Memory

PSU
Power Supply Unit

RAM
Random Access Memory

ROM
Read Only Memory

RT
Remote Terminal

RTN
RETURN

RX
Receiver

S/C
Spacecraft

S/N
Signal to Noise Ratio

SCDP
Science Data Package

SGRP
Spacecraft Ground Reference Point 

SH
Sensor-Head

SID
Sub Identifier

SIR
SMART-1 Infrared Spectrometer

SIR-2
Spectrometer Infrared - 2 

SIR2CMD
SIR-2 Command

SIS
Spacecraft Simulator 

SMART-1
Small Missions for Advanced Research in Technology

SNR
Signal to Noise Ratio

SRES
Soft Reset

SSDR
Solid State Data Recorder

STDBY
Standby Mode of SIR-2

STM
Structure Model 

SUB-ID
Sub Identifier

TBC
To be confirmed

TBD
To be defined

TEC
Thermo Electrical Cooler

TM
Telemetry

TMC
Terrain Mapping Camera 

TMM
Thermal Mathematical Model 

TV
Thermal Vacuum

TX
Transmitter

TX/RXA
Transmitter/Receiver A

TX/RXB
Transmitter/Receiver B

UoB
University of Bergen

UV
Ultraviolet

UVVIS
Ultraviolet and Visible light 

Vdd
Power Supply Voltage

VIS
Visible light

Vref
Reference Voltage 

WD
digital 16-Bit Word 

WDGEN
Watchdog enable




1.7 Contact Names and Addresses

U. Mall (PI), Max-Planck-Institut für Sonnensystemforschung, D-37191 Katlenburg-Lindau, Germany, Tel: [49]5556-979-152  Fax: [49]5556-9796152 E-mail: mall@linmpi.mpg.de  

A. Nathues (CoPI), Max-Planck-Institut für Sonnensystemforschung, D-37191 Katlenburg-Lindau, Germany, Tel: [49]5556-979433, Fax: [49]5556-979-139, E-mail: nathues@linmpi.mpae.gwdg.de  

A. Dannenberg (SIR-2 Operations-Manager), Max-Planck-Institut für Sonnensystemforschung, D-37191 Katlenburg-Lindau, Germany, Tel: [49]5556-979-359, Fax: [49]-5556-979-240, E-mail: dannenberg@linmpi.mpae.gwdg.de

2 Description of the instrument

SIR-2 is a highly compact, monolithic, grating, near-infrared point spectrometer, covering the wavelength range between 0.9 and 2.4 µm, with a spectral resolution of ∆ Pixel = 6 nm. Key parameters of SIR-2 are listed in Table 1.

Table 1 Characteristics of SIR-2.

Type of Instrument
Grating NIR Point Spectrometer

Wavelength Range
0.9 – 2.4 m

Spectral Resolution
Pixel  = 6  nm

S/N
>100

Dynamic (ADC)
16 bit

Angular Resolution / field of view 
2.2  mrad

f-ratio of front-end optics
2.5

Aperture (main mirror diameter)
72 mm

Focal length
180 mm

Exposure times
Selectable between 0.1 and 1000 ms

Power consumption
Max. 11W 

Total mass of instrument
3 kg 

Dimension of O-Box
199 x 161 x 93 mm

Dimension of Sensor-Head/Radiator Unit
228 x 320 x 249 mm

Dimension E-Box
146 x 125 x 58mm
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SIR-2 collects the Sun’s light reflected by the Moon with the help of the optical box (O-Box) which houses a main and secondary mirror. This light then enters an optical fiber, which transmits the light to the Sensor-Head/Radiator Unit. Inside the Sensor-Head the light passes filter, slit and the quartz body and reaches the dispersing grating. The dispersed light then passes the quartz body again to reach a second order filter, which is glued onto the window. After passing this window the light is detected by the photosensitive pixels. The electrons released by the individual pixels are collected and a sequential read out is performed after the integration time has ended. The adjacent voltage will be measured for each pixel and the obtained values are converted to digits. The obtained values (counts) are finally embedded in the TM packages in order to send them to the spacecraft’s mass memory.
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The near-infrared spectrometer SIR-2 consists of three individual units:

· O-Box (front-end optics), located on an extension of the Anti-SS panel 

· Sensor-Head/Radiator Unit (spectrometer), located on the Anti-SS panel 

· E-Box (digital electronics and power converter), located inside the S/C cube on the Anti-SS panel 
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These units are linked by:

An optical fiber connecting O-Box and Sensor-Head/Radiator Unit

An electrical harness (ILH) connecting Sensor-Head/Radiator Unit and E-Box

SIR-2 uses a linear InGaAs photodiode array which is sensitive between 0.9 and 2.55 m. It has 256 pixels with a pixel pitch of 50 m. Three voltages are required to operate the detector (Vdd = 5V, Vref = 1.26V and INP = 4.5V). The detector can be clocked with frequencies up to 4 MHz. For achieving sufficient signal-to-noise ratios a constant detector operating tem​pe​rature of ‑50°C during noon-midnight orbit and else -60C is anticipated. A two-stage cooling system consisting of the detector’s thermoelectric cooler (TEC) and a passive radiation system is implemented. The detector is located inside the Sensor-Head. The support mechanics (Cooling Console) of the detector is thermally decoupled from the Sensor-Head housing and connected via the Cooling-Band with the Sensor-Head Radiator which radiates energy into space to ensure suitable tempe​ra​tures. The stability of the detector temperature will be obtained by a control algorithm for the detector’s thermo​electric cooler.

For further details the reader is referred to [RD2]. 

2.1 Scientific Objectives

The Moon is unique in terms of its origin, size and density. It is, with the exception of the Earth, the only planetary body from which we have samples from known locations. Laboratory studies of lunar samples brought back by the APOLLO and LUNA missions, as well as remote sensing of the Moon, particularly by the CLEMENTINE and LUNAR PROSPECTOR missions, have provided a considerable amount of data which gave us insight into the processes responsible for its formation and subsequent chemical and geological evolution. A synthesis of these results shows that most likely the impact of a giant, differentiated planetesimal on the proto-Earth, followed by the accumulation of the impactor’s crustal material and the impact generated terrestrial ejecta, thrown in a low circumterrestrial orbit, led to the formation of the Moon.

As the Earth’s next body, the Moon allows a view into the early history of the solar system. Traces of the past are wiped out on Earth, since the Earth is a geologically very active planet whose surface is subject to continuous change through plate tectonics and a multitude of other erosive processes. In direct contrast to the Earth is the Moon, which is structured in a much simpler way. Processes of erosions are restricted to impacts (from dust to asteroid sizes). In the planetary context the Moon provides an excellent record of primordial crust formation, and complete records of the cratering history and the formation and evolution of its secondary crust.

It has been recognized early that the ancient impact environments on the Moon must also have impacted the Earth and that an accurate understanding of the early history of the Moon is also essential for a realistic understanding of the impact environment on the Earth which is so important in finding the constraints of both time and place in which life originated.

Despite all our efforts on a wide front of research, major questions still await to be resolved. Among those are: What is the cause of the global asymmetry of the Moon, which on the far side has a thicker crust and lacks the Mare structures which are characteristic for the near side? Is it related to convection and density inversion dynamics, early giant impacts, asymmetric crystallization of the Magma Ocean, or Earth-Moon tidal effects? How does a magma ocean work? What was the early thermal evolution of the Moon? What is the vertical and lateral structure of the lunar crust and how did it develop? What is the composition and structure of the lunar mantle? What role did early volcanism play? What were the timing and the effects of major basin-forming events on the lunar stratigraphy? What is the nature of the South Pole-Aitken basin, does it penetrate into the mantle, and how did it affect early crustal evolution? Why is the Moon different from other planets and how do planets work in terms of surface processes, heat transfer, and geologic evolution? Are the Apollo geophysical measurements representative of the Moon, or are they only valid for the small regions around the Apollo landing sites? How does the formation and evolution of the Moon and its well preserved record of impact modification and solar activity relate to the Earth’s ancient history? 

The lunar surface, not affected by an atmosphere, water or life, presents a unique record of solar system activities in the direct vicinity of the Earth. To decipher this information one has to know and understand the building blocks of the lunar surface. Lunar rocks, sampled by six Apollo and three Luna missions, together with meteorites from the Moon, are our only direct information about the Moon’s minerals, chemical composition and age. Lunar surface material is usually classified into four different groups: i) basaltic volcanic rocks, ii) pristine rocks from the lunar highlands, iii) complex polymict breccias and iv) lunar soil. While the majority of these rocks were originally igneous (formed by cooling of molten material), most consist of only a few minerals: pyroxenes, olivines, plagioclase feldspar and ilmenite. Quite surprisingly, our present knowledge of the surface chemistry and mineralogy is far from complete.

The Apollo Program was entirely focused on preparations for a manned landing and thus attention was mainly devoted to potential landing sites, in the equatorial regions of the near side. It is fair to say that the present distribution of nine sampling sites is heavily biased: none are on the far side, or at high latitudes, while all but two are in or close to mare. The differences between lunar maria and highlands indicate large-scale chemical differentiation of the original materials that accreted to form the Moon. While this fact is commonly accepted the details of this differentiation are still not known. Early recognition of the fact that the highlands are composed mostly of the Ca-rich plagioclase, a relatively light mineral, led to the suggestion that this mineral represents crystal floating at the top of a very deep magma ocean (Wood et al., 1970). While this idea has survived in several modified forms it is not clear whether or not the concept of a lunar crust evolving from extensive magmatism that is cumulatively concentrated plagioclase in the upper part of the crust (Walker, 1983) is also feasible. More than any other question about the Moon, our understanding of the evolution of the lunar crust is critically dependent on the completeness of available compositional data and is most vulnerable to the temptations of extrapolating from limited information. At this point global coverage of surface composition data can yield the decisive answer to understand the formation and evolution of the lunar crust and the processes that modify it.

The determination of the chemical composition of a planet’s crust and mantle is among the foremost important goals of planetary research. UV, VIS, and NIR (e.g., Hapke, 1993), as well as X-Ray (e.g., Yin et al., 1993) and Gamma-Ray (e.g., Evans et al., 1993) spectroscopy, provide remote sensing methods to characterize the mineralogical and elemental composition of planetary surfaces. For more than a century (reviewed in Minnaert, 1961) it has been known that information on the physical characteristics of a planetary crust is contained in the manner in which light interacts with a surface. The photometric parameters of the surface provide information on the optical properties of constituent particles and the small-scale texture, as well as on the degree of large-scale roughness. Analysis of the absorption bands reveals mineralogy and composition. 

Spectral features of most rock-forming minerals in the visible and near-infrared range originate from the locations of transition elements in the crystal structure of the minerals. Spectral profiles of sunlight reflected from planetary surfaces, when correlated with measured optical spectra of rock-forming minerals, may be used to detect the presence of transition metal ions and constituent minerals, as well as to determine model mineralogy of regoliths on terrestrial planets (Burns, 1993).

Among the various spectral approaches, near-infrared spectroscopy has proved to be a powerful tool in the study of the surfaces of the planets and of the small bodies in the solar system. Diagnostic absorption bands of various minerals and ices, that are expected to be found on the surfaces of planetary bodies, are located in the near-IR range, between 0.7 and 3.0 μm. [image: image5.png]CONTINUUM RATIO
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As an example Figure 3 shows the near-IR laboratory reflectance spectra of pure minerals that were identified on the lunar surface (Singer, 1981). 

Figure 3 Reflectance spectra of pure minerals (Singer, 1981). 

Most of the associated mineral absorption bands are very broad when compared with stellar bands. Their depths can be measured with a low resolution spectrometer or even with a spectro-photometer that uses filters targeted at particular absorption bands. However, some of the mineral subtypes have weaker and narrower spectral features which can be studied only by moderate resolution spectroscopy. Good examples are the feldspar feature at ~1.3 μm and a set of sharp bands typical for clay minerals and carbonates between 1.3 μm and 3 μm (Gaffey et al., 1993).


 shows the spectral changes due to variations of the olivine-to-orthopyroxene ratio in a sample (Singer, 1981). The shown figures clarify the importance of the NIR spectral region to analyze the mineral composition of solid surfaces. The depth of the absorption features depends mainly on the mineral composition and grain size. Moreover, in the surfaces of the solar system bodies the minerals are mostly present in mixtures. This results in the deformation of the shape and a shift of the minimum of the absorption features. The detailed quantitative study of the surface composition usually requires spectral measurements with moderate spectral resolution.

Figure 4 Reflectance spectra of weight percentage mixtures of olivine and orthopyroxene (Singer, 1981).  

Ices of different volatiles are often present 

on the surface of the planets and small 

bodies. The NIR spectral range also contains 

the spectral features of the ices and frosts. 


 shows the laboratory spectra of the various ices which are most frequently met in the solar system (Gaffey et al., 1993). The possibility of finding deposits of hydrogen at the poles of the Moon in the form of frozen water ice has been discussed since about 1960 (e.g., Watson et al., 1961; Vasavada et al., 1999). The initial analysis of the Clementine bistatic radar experiment seemed to indicate a positive detection of rather pure water ice near the south pole of the Moon (Nozette et al., 1996). However, a more detailed analysis of the same data showed that the initial conclusion was ambiguous (Simpson and Tyler, 1999).

Figure 5 Reflectance spectra of typical frosts (Gaffey et al., 1993)

The neutron spectrometer measurements made by the Lunar Prospector mission have shown that surface materials at the lunar poles contain increased contents of hydrogen (Feldman et al., 2000). In the permanently shadowed craters near the south pole, the abundance of hydrogen is estimated to be 1700  900 ppm by weight, which corresponds to 1.5  0.8 wt.% of water ice. At the north pole the content of water ice may be even larger (>10 wt.%) (Feldman et al., 2001). These results, however, need clarification by future studies. The footprint of the Lunar Prospector neutron spectrometer measurements is ~60 km in diameter and it is therefore difficult to correlate specific geological features with the identified locations of hydrogen-bearing deposits. While Lunar Prospector could not answer the question as to whether the hydrogen-bearing material is located on the surface or close to it, SIR-2, with its ability to directly observe the surface, has all the potential to contribute to this key question in lunar science. If this question can be solved with the new SIR-2 data, one may eventually understand the depositional history of this material. For example, McConnochie et al. (2002) suggested that if these deposits are buried and lack any surface expression, this may imply that the hydrogen has been delivered by large cometary impact events in the past or by a mechanism no longer operating. On the other hand, the existence of both surficial frost and buried deposits would suggest a steady supply of water and a continuous burial through regolith gardening. The effect of impact gardening on deposition of ice is considered by Crider and Vondrak (2003).

Despite Apollo’s and Luna’s collection of samples, the role of remote sensing of the lunar surface is gradually increasing. High-quality, near-IR spectra of the Moon were recorded using the 2.2-m telescope at Mauna Kea Observatory, Hawaii (Pieters, 1986). These spectra cover the range between 0.65 μm and 2.55 μm with a resolution of λ/Δλ ~70 and were recorded for selected regions with a size of ~5 km. Figure 6 presents the examples of the ground-based spectra (Smerkar and Pieters, 1985). These spectra show the diversity of the spectral properties, even within particular geological units. Note the variation of the shapes of the 1- and 2-μm absorption band. The weak band at ~1.3 μm belonging to feldspar is clearly seen in the bottom spectrum in the right figure. These moderate resolution spectra allow one to analyze composition of main geological units on the Moon. However, the analysis is limited by a coarse spatial resolution.

[image: image6.emf]
Figure 6 Representative reflectance spectra of the highland craters (left) and central peaks (right) after continuum removal (Smrekar and Pieters, 1985).

Significant steps forward in the lunar studies were made by the Clementine mission (Nozette et al., 1994). The spacecraft studied the Moon from the lunar polar orbit and provided a global mapping of the surface at spatial resolution of ~200 m in 11 narrow-band filters in the 0.4 - 2.6 μm range. The filter band-passes are shown in Figure 7 along with typical spectra of the lunar samples. The positions of the near-IR filters of the Clementine spectral imager were selected so as to observe the 1.0-μm and 2.0-μm absorption bands.
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Figure 7 Positions of the filters of the Clementine cameras superimposed on the reflectance spectra of lunar samples (Nozette et al., 1994). 
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Figure 8 Clementine reflectance data for Aristarchus central peak and laboratory reflectance spectra (McEven et al., 1994).

The main results of the Clementine mission were:

· Global mapping of the Moon’s surface in several wavelength bands which are diagnostic for pyroxenes and olivine;

· Identification of geological units and their correlation with topography;

· Study of the composition variations between the units; 

· Study of the structure and composition of the crater ejecta. 

The Clementine low resolution reflectance data show spectral features typical for olivine and feldspar (Figure 7, McEven et al., 1994). However, their comparison to the ground-based spectra (Figure 6) shows that their poor spectral resolution does not allow them to describe the existing mixtures and subtypes of minerals observed on the surface of the Moon.

3 Overview of Process and product generation

3.1 Pre-Flight Data Products

No pre-flight data products are available

3.2 Instrument Calibrations

The calibration of the SIR-2 FS(P)FM instrument was performed at MPS in April/May 2008 (see C1-SIR-TP-3011). 

3.3 In-Flight Data Products

The data products are spectra.  Each spectrum consists of 256 integers representing the measured intensities within small wavelength ranges. MPS will provide decoded raw data (level 0). This includes SIR-2 HK and telemetry information.  

3.4 Software

Standard procedures for IDL or MATLAB are sufficient to analyze the data. For reading PDS product see chapter 8.

3.5   Documentation

The document directory will contain the SIR-2 User Manual and ICD. A document in PDF format is provided. It is not planned to convert the reports into ASCII format. 

3.6 Derived and other Data Products

No other data products are foreseen.

4 Archive Format and Content

4.1  Format and Conventions

4.1.1 Deliveries and Archive Volume Format

4.1.2   Data Set ID Formation

The dataset ID formation is referred to AD4 and will contain (raw, edited) data of the lunar mapping phase.

DATA_SET_ID=”<INSTRUMENT_HOST_ID>-<TARGET_ID>-<INSTRUMENT_ID>-<data_processing_level_number>-<mission_phase_abbreviation>-<description>-<version>”

<INSTRUMENT_HOST_ID>                                                                                   CH1ORB

<TARGET_ID>                                                                                                                      L

<INSTRUMENT_ID>                                                                                                      SIR-2

<data_processing_level_number>                        2 (for edited data) or 3 (for calibrated data)

<mission_phase_abbreviation>                                         NPO (for Normal Phase Operation)

<description>                                                    free character string containing only A-Z, 0-9 (optional)

<version>                                                                                                                          Vx.x

An example would be:

"CH1ORB-L-SIR2-2-NPO-V1.0"

4.1.3 Data Directory Naming Convention

At the root level, the PDS required naming scheme will be followed: DATA DOCUMENT INDEX CALIB GEOMETRY CATALOG.

/DATA/ORBIT_<orbit number>_TO_<orbit number>/<data filename> 

An example would be: "DATA/ORBIT_00200_TO_00299/"

4.1.4 Filenaming Convention 

Identification

 
Description

CH1SIR2_
Instrument, fixed to “CH1SIR2”, followed by underscore, “_”

CH1SIR2_N
<mission phase> denotes the mission phase: 

N = “Normal Phase Operations” (NPO)

T = “Terminal Phase Operations” (TPO)

CH1SIR2_NE
<data type> denotes the data type: 

E = “Experiment Data Record” (EDR)

CH1SIR2_NE2_
2 for level 2 data

CH1SIR2_NE2_SC_
SC for Science Data, HK for Housekeeping Data

CH1SIR2_NE2_SC_R02357
<R00000> where R is mandatory and stands for “revolution”, 00000 is the consecutive orbit number. The number will be padded by leading zeros if required, e.g. ‘R00329’.

CH1SIR2_NE2_SC_R02357.LBL

CH1SIR2_NE2_SC_R02357.FIT
LBL stands for PDS label files and FIT stands for FITS files

5 Standards Used in Data Product Generation

5.1 PDS Standards

All keywords in the header follow the PDS Standards Reference Version 3.8 dated February 27, 2009.

5.2 Time Standards

All time information in the data follows the SPICE time standards. Please, see [RD1] for details.

Within the data products themselves, the time standard used is ET (Ephemeris Time), which is a double precision number of seconds.  The starting point for this time is the J2000 epoch. This epoch is Greenwich noon on January 1, 2000 Barycentric Dynamical Time. This ephemeris time is calculated from the Spacecraft Onboard Time using the appropriate SPICE routines and the time correlation packages which are provided by ISRO as a SPICE Clock Kernel. Outside of the products themselves, there are a few instances in the SIR-2 data sets where time flags are provided.  The main time values are provided in the data product labels, which provide a start and stop time for the measurement, and a corresponding clock count from the spacecraft.  The standards used to define these values are described in 5.2.1.

5.2.1 START_TIME and STOP_TIME Formation

The PDS formation rule for dates and time in UTC is:

YYYY-MM-DDThh:mm:ss.fff

  YYYY           YYYY     
year (0000-9999)

  MM               MM       
month (01-12)

  DD                DD     

day of month (01-31)

  T                   T       

date/time separator

  hh                  hh      

hour (00-23)

  mm                mm       
minute (00-59)

  ss                   

second (00-59)

  fff     
            
            fractions of second (000-999) (restricted to 3 digits)

This standard is followed for all START_TIME and STOP_TIME values in the products included in the SIR data sets. 

5.3 Reference Systems

The reference systems used for orbit, attitude, and target body follow the SPICE standards and are defined in the different SPICE kernels. Please, see [RD1] for details.

All latitudes and longitudes are given in degrees, assuming a spherical shape with a radius of 1737.4 km.

5.4 Other Applicable Standards

No other standards are used

6  Data Validation

 Each of the individual orbit will be visualized by a SIR-2 team member and marked as ‘inspected’ before delivery. 

The following checks will be performed on individual data product labels:

· the values of the keywords START_TIME and SPACECRAFT_CLOCK_START_COUNT will be compared against each other;

· the values of the keywords STOP_TIME and SPACECRAFT_CLOCK_STOP_TIME will be compared against each other;

· the value of the keyword TARGET_NAME will be compared with the target planned in the planning database;

The following checks will be performed on all spectral data:

· the values of the keyword CCSDS_COUNTER are in a continuous increasing order without any gaps (completeness of data).

· the spectral data showing typical values.

7 PDS content for Long Term Archive

7.1 Volume Set

The VOLDESC.CAT file in the root directory of each dataset must contain volume information as requested by the PDS standard. The information given in this object will be:

Keyword
Value

VOLUME_NAME
“”CHANDRAYAAN-1 VOLUME 1 RAW SIR2 DATA

VOLUME_SERIES_NAME
“MISSION TO THE MOON”

VOLUME_SET_ID
“DE_MPG_MPS_CH1SIR2_1000”

VOLUMES
2

VOLUME_ID
“CH1SIR2_1001”

VOLUME_VERSION_ID
“VERSION 1”

PUBLICATION_DATA
2009-11-04

DATA_SET_ID
CH1ORB-L-SIR2-2-NPO-V1.0

VOLUME_FORMAT
“ISO-9660”

MEDIUM_TYPE
“ELECTRONIC”

DESCRIPTION
“This volume contains one data set from the SIR-2 instrument flown on the Chandrayaan-1 spacecraft. It contains data from the normal phase operations.”

7.2 Data Set

For each mission phase and for each processing level, one data set is created.

7.3 Directories

The files residing in the root directory of the data set are described in section 7.4.  The files residing in the subdirectories of the root directory are described in respective sections 7.5-7.15.

7.4 Root Directory

The files listed below are contained in the root directory.. They are produced by the SIR-2 PI team with support from ESA/ISRO.

     AAREADME.TXT

This file describes the volume (= data set) as a whole.  It gives an overview of the contents and organization of the data set, general instructions for its use and contact information.

     VOLDESC.CAT

This file gives a high level description of the contents of the volume (= data set).

     ERRATA.TXT

A cumulative listing of all known errors, omissions, and areas of non-conformance with PDS standards on this and all previous volumes (=data sets).

7.5 Calibration Directory

The calibration directory contains the calibration tables (.TAB files) and associated labels (.LBL files) necessary to process the raw data (Level-0) to calibrated science units (Level-1).  These files are produced by the SIR-2 PI team with support from ESA/ISRO. Initially released data sets may not contain a CALIBRATION directory.

     CALINFO.TXT

A description of the contents of the CALIB directory and the usage of the calibration tables in the directory.

7.6 Catalog Directory

The files in the CATALOG directory provide a top-level understanding of the SIR-2 experiment and its data products.  ISRO provides the mission and spacecraft files.  The SIR-2 team provides information for the instrument and data set files, and the SIR-2 PI team with support from  ESA  formats  these  files  into PDS standard form. All catalog files are ASCII text files with <CR><LF> line  termination  and  line lengths are not longer than 78 characters.

     CATINFO.TXT

A description of the contents of the CATALOG directory

     MISSION.CAT

PDS mission catalog information about the Chandrayaan-1 mission will be provided by ISRO.

     INSTHOST.CAT

PDS instrument host  catalog  information  about  the  Chandrayaan-1  spacecraft  and  the mounting relationship of the instruments within the spacecraft will be provided by  ISRO.

     INST.CAT

PDS instrument catalog description of the SIR-2 instrument

     DATASET.CAT

PDS data set catalog description of the respective processing level data set

     REF.CAT

PDS reference catalog information about published references mentioned in the above catalog objects or their components.

     SOFTWARE.CAT

PDS software catalog description  of  the  SIR-2  software included in the SOFTWARE directory

     TARGET.CAT

PDS target catalog information about the observation target, i.e. star or Earth, will be provided by ISRO.

     PERSON.CAT

PDS personnel catalog description of SIR-2 team members  and other persons involved with the generation of data products

7.7  Index Directory

The following files are contained in the INDEX directory and are produced by the SIR-2 PI team with support from ESA/ISRO.  The INDEX.TAB and INDEX.LBL files are generated using the PSA PVV tool.

     INDXINFO.TXT

A description of the contents of the INDEX directory

     INDEX.TAB

A table listing the SIR-2 data products for the data set

     INDEX.LBL

A PDS detached label that describes INDEX.TAB

     GEO_MOON.TAB

A table of the geometry and position descriptions for the data products in the data set

     GEO_MOON.LBL

A PDS detached label that describes GEOINDEX.TAB

7.8 
Browse Directory and Browse Files

SIR-2 data sets do not have browse products, thus a BROWSE directory does not exist.

7.9 Geometry Directory

The geometry index table in the INDEX directory (cf. section 7.7) contains all the geometry data for the SIR-2 data sets.  The SPICE kernels used to compute the geometry data are provided as separate data set. Therefore there is no GEOMETRY directory.

7.10 Software Directory

No software is provided, hence there is no SOFTWARE directory.

7.11 Gazetteer Directory

There are no plans to include a GAZETTEER directory for SIR-2 data set deliveries.

7.12 Label Directory

There are no referenced files to be included, thus there is no LABEL directory.

7.13 Document Directory

The document directory contains this EAICD document in MS Word.

     DOCINFO.TXT

A description of the contents of the DOCUMENT directory. See this file for a list of additional documents provided.

7.14 Extras Directory

There is no EXTRAS directory in SIR-2 data sets.

7.15 Data Directory

The DATA directory contains the actual data products for SIR-2.  There are two types of data products, science data files and housekeeping data files.  The former are provided as FITS files with accompanying detached PDS label files.  The latter are provided as ASCII files with accompanying detached PDS labels. The naming convention for these files is described in section 4.1.4.   Refer to section 8 for data product descriptions, data file contents and structures, and sample labels for each data set.

8 Detailed Interface Specification

8.1 Data Product Design

8.1.1 L1b Data Label and Data Structure Design

This section describes the detailed specification of each of the raw/edited (L1b) products to be supplied to the PSA. 

The SIR-2datasets will contain 2 different kind of data products:


SIR-2 Instrument Science Data


SIR-2 Instrument Housekeeping Data

Each of these data products is defined in one of the following subsections. 

8.1.2 SIR-2 Instrument Science Data: Data Product Design 

The SIR-2 science structure is made up of records of length 2880. This is the length of a minimal FITS header, and each FITS header has to be a multiple of it. We have to pad out to a multiple of 2880 bytes at the end of each science data record.

8.1.2.1 PDS Version ID

Keyword
C1-Value
Type
Description

PDS_VERSION_ID
PDS3
ID


8.1.2.2 File Characteristics Data

/*** File Characteristics Data Elements            ***/


Comment

FILE_NAME

CHAR
See section 4.1.4

RECORD_TYPE
FIXED_LENGTH
ID
binary records with fixed lengths 

RECORD_BYTES
2880
INT
Output of data processor

FILE_RECORDS

INT
Number of records in the detached file

INTERCHANGE_FORMAT
BINARY
ID
 

RELEASE_ID
0001
INT


REVISION_ID
0000
INT


8.1.2.3 Pointer to Data Objects

/***   Pointer to Data Objects    ***/


Comment

^SIR2_SC_HEADER
(“FN”)
CHAR
e.g. (“CH1SIR2_NE2_SC_R01971.FITS”,1<BYTES>)

^SIR2_SC_TABLE
(“FN”, 14401 <BYTES>)
CHAR
e.g. (“CH1SIR2_NE2_SC_R01971.FITS”, 14401 <BYTES>))

8.1.2.4 Identification Data Elements

/*** Identification Data Elements


Comment

DATA_SET_ID

ID
e.g. “CH1ORB-L-SIR2-2-DATA-V1.0”

DATA_SET_NAME

CHAR
e.g. “CHANDRAYAAN-1-ORBITER LUNAR SIR2 2 NPO V1.0”

PRODUCT_ID

CHAR
e.g. “CH1SIR2_NE2_SC_R01971”

PRODUCT_CREATION_TIME

TIME
In PDS time standard YYYY-MM-DDTHH:MM:SS

PRODUCT_TYPE
EDR
ID
SIR-2 Experiment Data Recored, Science Data.

PROCESSING_LEVEL_ID
2
INT
CODMAC level, 2 for raw/edited data and 3 for calibrated data

PROCESSING_LEVEL_DESC
“EXPERIMENT DATA RECORD”
CHAR







PRODUCER_ID
“SIR2 TEAM”
ID


PRODUCER_FULL_NAME
“DR. URS MALL””
CHAR


PRODUCER_INSTITUTION_NAME
“MAX PLANCK INSTITUTE FOR SOLAR SYSTEM RESEARCH”



DATA_QUALITY_ID

INT


DATA_QUALITY_DESC
“THE DATA QUALITY ID FOR ALL SPECTRA IN THIS PRODUCT IS CALCULATED AS THE AVERAGE OF THE INDIVIDUAL QUALITY ID FOR EACH SPECTRUM ROUNDED TO AN INTEGER VALUE. (SEE THE DATA_QUALITY_ID CLUMN OBJECT ABOVE)
INT


MISSION_ID
CH1
ID


MISSION_NAME
“CHANDRAYAAN-1”
CHAR


INSTRUMENT_HOST ID
CH1ORB
ID


INSTRUMENT_HOST_NAME
“CHANDRAYAAN-1-ORBITER”
CHAR


MISSION_PHASE_NAME
“NORMAL PHASE OPERATIONS”
ID
“NORMAL PHASE OPERATIONS”

TARGET_NAME
MOON
ID


TARGET_TYPE
SATELLITE
ID
SATELLITE,

8.1.2.5 Data and Time Related Information

/*** Date and Time Related Information    ***/

COMMENT


START_TIME

TIME
In PDS time standard

STOP_TIME

TIME
In PDS time standard

SPACECRAFT_CLOCK_START_COUNT

CHAR
e.g. “8/0034534.3321”. The value before the “/” is the partition. And the value after the “/” is the time elapsed after the start of the partition

SPACECRAFT_CLOCK_STOP_COUNT

CHAR


ORBIT_NUMBER

INT
An integer number starting from 1. 






8.1.2.5.1 Instrument Related Parameters

/*** Instrument Related Parameters    ***/

COMMENT


INSTRUMENT_ID
SIR2
ID


INSTRUMENT_NAME
“INFRARED SPECTROMETER 2”
CHAR


INSTRUMENT_TYPE
“INFRARED SPECTROMETER”
CHAR


INSTRUMENT_MODE_ID
OPERATING
ID


INSTRUMENT_MODE_ID_DESC
“MEASUREMENT MODE”
CHAR
Instrument is in measurement mode

NOTE
“THIS DATA PRODUCT HAS BEEN GENERATED BY THE GDP SOFTWARE” 
CHAR
Followed by a list of the “SPACE PACKET FILE AND CONFIGURATION FILES USED” and “SPICE KERNELS USED”

8.1.2.5.2 Data Objects Definition

/* DATA OBJECTS DEFINITION Description     */




OBJECT
SIR2_SC_HEADER
ID


  BYTES
14400
INT
FITs extention header length

  HEADER_TYPE
FITS
ID


  INTERCHANGE_FORMAT
BINARY
ID


  RECORDS
5
INT
The size of a SIR2 record is defined by the length of a FITS header

  DESCRIPTION
“SIR2 FITS HEADER”
CHAR


END_OBJECT
SIR2_SC_HEADER



8.1.2.5.3 SIR SC Table

OBJECT
SIR_SC_TABLE
ID


   NAME
“SIR2 SPECTRAL OBSERVATIONS”
CHAR


   INTERCHANGE_FORMAT
BINARY
ID


  COLUMNS
45
INT


  ROWS
12423
INT
Depends on the number of spectra observed

  ROW_BYTES
712
INT


  DESCRIPTION
“SIR-2 TIME-TAGGED SPECTRAL OBSERVATIONS IN ORIGINAL DIGITAL NUMBER” 
CHAR







  OBJECT
COLUMN
ID


    NAME
“UTC_TIME”
CHAR


    COLUMN_NUMBER
1
INT


    BYTES
23
INT


    DATA_TYPE
TIME
INT


    START_BYTE
1
INT


    DESCRIPTION
“START TIME OF MEASUREMENT (UTC).”
CHAR


    UNIT
”UT”
FORMATION


VALID_MAXIMUM
”N/A”
 FORMATION


VALID_MINIMUM
”N/A”
 FORMATION


  END_OBJECT
COLUMN
ID


8.1.2.5.4 Exposure Time

  OBJECT
COLUMN
ID


    NAME
“EXPOSURE_TIME”
CHAR


    COLUMN_NUMBER
3
INT


    BYTES
2
INT


    DATA_TYPE
MSB_INTEGER
INT


    START_BYTE
41
INT


    DESCRIPTION
“DETECTOR EXPOSURE TIME SPECIFIED IN THIS PARAMETER IS GIVEN IN UNITS OF 8 CLOCKS PERIODS. THIS VALUE IS THEN DEPENDING ON THE SENSOR READOUT CLOCK DIVISOR PARAMETER (READDIV), SEE COLUMN OBJECT NAMED READDIV.

THE REAL EXPOSURE TIME CAN BE CALCULATED WITH THIS FORMULA:

EXPOSURE TIME*8/(20MHZ/READDIV)

WHERE READDIV IS THE SENSOR READOUT REQUENCY DIVISOR.”
CHAR


    UNIT
“N/A”
FORMATION


VALID_MAXIMUM
65535
INT


VALID_MINIMUM
1
INT


OFFSET
32768
INT


  END_OBJECT
COLUMN
ID


8.1.2.5.5 Real Exposure Time

  OBJECT
COLUMN
ID


    NAME
“REAL_EXPOSURE_TIME”
CHAR


    COLUMN_NUMBER
4
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
REAL


    START_BYTE
43
INT


    DESCRIPTION
“DETECTOR EXPOSURE TIME IN MILLISECONDS”
CHAR


VALID_MAXIMUM
“N/A”
REAL


VALID_MINIMUM
“N/A”
REAL


    UNIT
“N/A”
CHAR


  END_OBJECT
COLUMN
ID


8.1.2.5.6 Spectrum

  OBJECT
COLUMN
ID


    NAME
“SPECTRUM”
CHAR


    COLUMN_NUMBER
5
INT


    BYTES
512
INT


    DATA_TYPE
MSB_INTEGER
ID


    START_BYTE
47
INT


    ITEMS
256
INT


    ITEMS_BYTES
2
INT












    DESCRIPTION
“DETECTOR 256 PIXEL VALUES PHOTO DIODE ARRAY MEASUREMENTS IN ORIGINAL DIGITAL NUMBERS”
CHAR


    UNIT
“N/A”
CHAR


VALID_MAXIMUM
65535
INT


VALID_MINIMUM
0
INT


OFFSET
32768
INT


END_OBJECT
COLUMN
ID


Data Quality ID

  OBJECT
COLUMN
ID


    NAME
“DATA_QUALITY_ID”
CHAR


    COLUMN_NUMBER
6
INT


    BYTES
1
INT


    DATA_TYPE
MSB_INTEGER
ID


    START_BYTE
559
INT


    DESCRIPTION
“THE DATA QUALITY IS EVALUATED ACCORDING TO THE NUMBER OF SATURATED PIXELS OUT OF THE 256 PIXELS.

-4 IS HIGHEST QUALITY, NO SATURATED PIXELS.

-3 IS HIGH QUALITY, 14 OR LESS SATURATED.

-2 IS MEDIUM QUALITY, 58 OR LESS SATURATED.

-1 IS LOW QUALITY, 132 OR LESS SATURATED.

-0 IS LOWEST QUALITY, MORE THAN 132 SATURATED.

- -1 IS NON EXISTENT.”
CHAR


    UNIT
“N/A”
CHAR


VALID_MAXIMUM
4
INT


VALID_MINIMUM
-1
INT


END_OBJECT
COLUMN
ID


8.1.2.5.7 Longitude

  OBJECT
COLUMN
ID


    NAME
“LONGITUDE”
CHAR


    COLUMN_NUMBER
7
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
560
INT


    DESCRIPTION
“MOON LONGITUDE AT TARGET POINT”
CHAR


    UNIT
“DEGREES”
CHAR


VALID_MAXIMUM
180.0
REAL


VALID_MINIMUM
-180.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.8 Latitude

  OBJECT
COLUMN
ID


    NAME
“LATITUDE”
CHAR


    COLUMN_NUMBER
8
INT


    BYTES
3
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
564
INT


    DESCRIPTION
“MOON LATITUDE AT TARGET POINT”
CHAR


    UNIT
“DEGREES”
CHAR


VALID_MAXIMUM
90.0
REAL


VALID_MINIMUM
-90.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.9 Incidence Angle

  OBJECT
COLUMN
ID


    NAME
“INCIDENCE_ANGLE”
CHAR


    COLUMN_NUMBER
9
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
568
INT


    DESCRIPTION
“THE ANGLE BETWEEN THE TARGET POINT NORMAL VECTOR AND THE TARGET POINT – SUN VECTOR”
CHAR


    UNIT
“DEGREES”
CHAR


VALID_MAXIMUM
180.0
REAL


VALID_MINIMUM
0.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.10  Phase Angle

  OBJECT
COLUMN
ID


    NAME
“PHASE_ANGLE”
CHAR


    COLUMN_NUMBER
10
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
572
INT


    DESCRIPTION
“THE ANGLE BETWEEN THE TARGET POINT – SPACECRAFT VECTOR AND THE TARGET POINT – SUN VECTOR”
CHAR


    UNIT
“DEGREES”
CHAR


VALID_MAXIMUM
180.0
REAL


VALID_MINIMUM
0.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.11  Emission Angle

  OBJECT
COLUMN
ID


    NAME
“EMISSION_ANGLE”
CHAR


    COLUMN_NUMBER
11
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
576
INT


    DESCRIPTION
“THE ANGLE BETWEEN THE TARGET POINT NORMAL VECTOR AND THE TARGET POINT – SPACECRAFT VECTOR”
CHAR


    UNIT
“DEGREES”
CHAR


VALID_MAXIMUM
180.0
REAL


VALID_MINIMUM
0.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.12  Local Hour Angle

  OBJECT
COLUMN
ID


    NAME
“LOCAL_HOUR_ANGLE”
CHAR


    COLUMN_NUMBER
12
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
580
INT


    DESCRIPTION
“THE ANGLE BETWEEN THE LOCAL SURFACE  NORMAL PROJECTED ONTO THE ECLIPTIC PLANE AND THE DIRECTION VECTOR TO THE SUN. IT IS GIVEN FOR THE VIEWPOINT ON THE LUNAR SURFACE WITH ABERRATION CORRECTION. THE VALUE IS ALWAYS 0 DEG AT NOON, 90 DEG AT SUNSET, AND 270 DEG AT SUNRISE. THE         LOCAL HOUR ANGLE DOES NOT ADVANCE WITH A CONSTANT RATE. "”
CHAR


    UNIT
“DEGREES”
CHAR


VALID_MAXIMUM
360.0
REAL


VALID_MINIMUM
0.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.13  Sub Spacecraft Longitude

  OBJECT
COLUMN
ID


    NAME
“SUB_SPACECRAFT_LONGITUDE”
CHAR


    COLUMN_NUMBER
13
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
584
INT


    DESCRIPTION
“SUB SPACECRAFT POINT LONGITUDE”
CHAR


    UNIT
“DEGREES”
CHAR


VALID_MAXIMUM
180.0
REAL


VALID_MINIMUM
-180.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.14  Sub Spacecraft Latitude

  OBJECT
COLUMN
ID


    NAME
“SUB_SPACECRAFT_LATITUDE”
CHAR


    COLUMN_NUMBER
14
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
588
INT


    DESCRIPTION
“SUB SPACECRAFT POINT LATITUDE”
CHAR


    UNIT
“DEGREES”
CHAR


VALID_MAXIMUM
90.0
REAL


VALID_MINIMUM
-90.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.15  Spacecraft Altitude

  OBJECT
COLUMN
ID


    NAME
“SPACECRAFT_ALTITUDE”
CHAR


    COLUMN_NUMBER
15
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
592
INT


    DESCRIPTION
“SAPCECRAFT ALTITUDE”
CHAR


    UNIT
“Km”
CHAR


VALID_MAXIMUM
“N/A”
REAL


VALID_MINIMUM
“N/A”
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.16  Sittime

  OBJECT
COLUMN
ID


    NAME
“SITTIME”
CHAR


    COLUMN_NUMBER
16
INT


    BYTES
2
INT


    DATA_TYPE
MSB_INTEGER
ID


    START_BYTE
596
INT


    DESCRIPTION
“SAMPLE INTERVAL TIME. TIME PERIOD BETWEEN TWO SPECTRA TAKEN IN UNITS OF 10 MILISECONDS.”
CHAR


    UNIT
“N/A”
CHAR


VALID_MAXIMUM
65535
INT


VALID_MINIMUM
0
INT


OFFSET
32768
INT


END_OBJECT
COLUMN
ID


8.1.2.5.17  MMODE

  OBJECT
COLUMN
ID


    NAME
“MMODE”
CHAR


    COLUMN_NUMBER
17
INT


    BYTES
1
INT


    DATA_TYPE
MSB_UNSIGNED_INTEGER
ID


    START_BYTE
598
INT


    DESCRIPTION
“MEASUREMENT MODE. THERE ARE TWO POSSIBLE MODES: NORMAL MODE AND AVERAGE MODE. IN NORMAL MODE, SINGLE SPECTRA ARE SENT WITH NO PROCESSING. IN AVERAGE MODE, A CONFIGURABLE NUMBER OF SPECTRA ARE AVERAGED (ARITHMETIC MEAN) BEFORE THEY ARE SENT. 

0 MEANS NORMAL MODE AND 1 MEANS AVERAGE MODE. THE NUMBER OF SPECTRA TO AVERAGE IS SPECIFIED IN THE SPECTRA TO AVERAGE PARAMATER (AVERAG), SEE THE COLUMN OBJECT NAMED AVERAG.”
CHAR


    UNIT
“N/A”
CHAR


VALID_MAXIMUM
1
INT


VALID_MINIMUM
0
INT


END_OBJECT
COLUMN
ID


8.1.2.5.18  AVERAGE

  OBJECT
COLUMN
ID


    NAME
“AVERAGE”
CHAR


    COLUMN_NUMBER
18
INT


    BYTES
2
INT


    DATA_TYPE
MSB_INTEGER
ID


    START_BYTE
599
INT


    DESCRIPTION
“NUMBER OF SPECTRA TO AVERAGE IN AVERAGE MODE. THIS VALUE IS IGNORED IN NORMAL MODE. THE AVERAGING METHOD USED IS THE ARITHMETIC MEAN. THE NUMBER IS A POWER OF TWO.”
CHAR


    UNIT
“N/A”
CHAR


VALID_MAXIMUM
32768
INT


VALID_MINIMUM
2
INT


OFFSET
32768
INT


END_OBJECT
COLUMN
ID


8.1.2.5.19  ADCDEL

  OBJECT
COLUMN
ID


    NAME
“ADCDEL”
CHAR


    COLUMN_NUMBER
19
INT


    BYTES
2
INT


    DATA_TYPE
MSB_INTEGER
ID


    START_BYTE
601
INT


    DESCRIPTION
“ADC TRIGGER DELAY. THE NUMBER OF SENSOR CLOCK PERIODS TO WAIT BETWEEN THE ANALOG PIXEL VALUE BEING AVAILABLE, AND IT BEING READ.”
CHAR


    UNIT
“N/A”
CHAR


VALID_MAXIMUM
65535
INT


VALID_MINIMUM
0
INT


OFFSET
32768
INT


END_OBJECT
COLUMN
ID


8.1.2.5.20  READDIV

  OBJECT
COLUMN
ID


    NAME
“READDIV”
CHAR


    COLUMN_NUMBER
20
INT


    BYTES
2
INT


    DATA_TYPE
MSB_INTEGER
ID


    START_BYTE
603
INT


    DESCRIPTION
“SENSOR READOUT FREQUENCY DIVISOR.DEFINES WHICH NUMBER THE SYSTEM CLOCK         

(20MHz) HAS BEEN DIVIDED BY TO GET THE SENSOR READOUT CLOCK.READOUT FREQUENCY (MHZ) = 20MHZ/READDIV.”
CHAR


    UNIT
“N/A”
CHAR


    VALID_MAXIMUM
65535
INT


    VALID_MINIMUM
13
INT


    OFFSET
32768
INT


END_OBJECT
COLUMN
ID


8.1.2.5.21  NSPEC

  OBJECT
COLUMN
ID


    NAME
“NSPEC”
CHAR


    COLUMN_NUMBER
21
INT


    BYTES
2
INT


    DATA_TYPE
MSB_INTEGER
ID


    START_BYTE
605
INT


    DESCRIPTION
“WHEN IN MEASUREMENT MORE THIS PARAMETER SPECIFIES THE NUMBER OF SPECTRA TO OBTAIN BEFORE RETURNING TO PREPARATION MODE. IF SET TO ZERO, THE INSTRUMENT WILL STAY IN MEASUREMENT MODE INDEFINITELY.”
CHAR


    UNIT
“N/A”
CHAR


    VALID_MAXIMUM
“N/A”
INT


    VALID_MINIMUM
0
INT


    OFFSET
32768
INT


END_OBJECT
COLUMN
ID


8.1.2.5.22  PXPER

  OBJECT
COLUMN
ID


    NAME
“PXPER”
CHAR


    COLUMN_NUMBER
22
INT


    BYTES
2
INT


    DATA_TYPE
MSB_INTEGER
ID


    START_BYTE
607
INT


    DESCRIPTION
“PIXEL PERIOD TIME. THE TIME ELAPSED AFTER A PIXEL HAS BEEN SHIFTED OUT UNTIL THE NEXT PIXEL BEING SHIFTED OUT. THE PIXEL PERIOD IS SPECIFIED IN NUMBER OF SENSOR READOUT CLOCK PERIODS (SEE THE COLUMN OBJECT NAMED READDIV).”
CHAR


    UNIT
“N/A”
CHAR


    VALID_MAXIMUM
“N/A”
INT


    VALID_MINIMUM
0
INT


    OFFSET
32768
INT


END_OBJECT
COLUMN
ID


8.1.2.5.23  NSMPL

  OBJECT
COLUMN
ID


    NAME
“NSMPL”
CHAR


    COLUMN_NUMBER
23
INT


    BYTES
2
INT


    DATA_TYPE
MSB_INTEGER
ID


    START_BYTE
609
INT


    DESCRIPTION
“NUMBER OF SAMPLES TAKEN PER PIXEL. IF MORE THAN ONE, ALL SAMPLES WILL BE AVERAGED (ARITHMETIC MEAN) BY THE INSTRUMENT BEFORE BEING SENT.”
CHAR


    UNIT
“N/A”
CHAR


    VALID_MAXIMUM
“N/A”
INT


    VALID_MINIMUM
0
INT


    OFFSET
32768
INT


END_OBJECT
COLUMN
ID


8.1.2.5.24  CCSDS Counter

  OBJECT
COLUMN
ID


    NAME
“CCSDS_COUNTER”
CHAR


    COLUMN_NUMBER
24
INT


    BYTES
2
INT


    DATA_TYPE
MSB_INTEGER
ID


    START_BYTE
611
INT


    DESCRIPTION
“PACKET SEQUENCE COUNT IN THE PACKET PRIMARY HEADER (CCSDS STANDARD). THE PACKET SEQUENCE COUNT FIELD PROVIDES THE SEQUENTIAL BINARY COUNT OF EACH SPACE PACKET GENERATED BY THE USER APPLICATION IDENTIFIED BY THEAPID(APPLICATIONIDENTIFIER).”
CHAR


    UNIT
“N/A”
CHAR


    VALID_MAXIMUM
16383
INT


    VALID_MINIMUM
0
INT


    OFFSET
32768
INT


END_OBJECT
COLUMN
ID


8.1.2.5.25  HK Clock

  OBJECT
COLUMN
ID


    NAME
“HK_CLOCK”
CHAR


    COLUMN_NUMBER
25
INT


    BYTES
13
INT


    DATA_TYPE
MSB_INTEGER
ID


    START_BYTE
613
INT


    DESCRIPTION
“HK CLOCK AT TIME OF MEASUREMENT STARTS. ONE TICK OF THE HK CLOCK CORRESPONDS TO 10 MICROSECONDS.”
CHAR


    UNIT
“N/A”
CHAR


    VALID_MAXIMUM
“N/A”
INT


    VALID_MINIMUM
0
INT


END_OBJECT
COLUMN
ID


8.1.2.5.26  HK Clock OBT Synchronization

  OBJECT
COLUMN
ID


    NAME
“HK_CLOCK_OBT_SYNCRONIZATION”
CHAR


    COLUMN_NUMBER
26
INT


    BYTES
13
INT


    DATA_TYPE
MSB_INTEGER
ID


    START_BYTE
626
INT


    DESCRIPTION
“HK CLOCK AT TIME OF OBT SYNCHRONIZATION. ONE TICK OF THE HK CLOCK CORRESPONDS TO 10 MICROSECONDS.”
CHAR


    UNIT
“N/A”
CHAR


    VALID_MAXIMUM
“N/A”
INT


    VALID_MINIMUM
“N/A”
INT


END_OBJECT
COLUMN
ID


8.1.2.5.27  OBT Synchronization

  OBJECT
COLUMN
ID


    NAME
“OBT_SYNCRONIZATION”
CHAR


    COLUMN_NUMBER
27
INT


    BYTES
8
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
639
INT


    DESCRIPTION
“OBT AT TIME OF SYNCHRONIZATION IN MS.”
CHAR


    UNIT
“ms”
CHAR


    VALID_MAXIMUM
“N/A”
REAL


    VALID_MINIMUM
0.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.28  TEC

  OBJECT
COLUMN
ID


    NAME
“TEC”
CHAR


    COLUMN_NUMBER
28
INT


    BYTES
1
INT


    DATA_TYPE
MSB_UNSIGNED_INTEGER
ID


    START_BYTE
647
INT


    DESCRIPTION
“THERMO ELECTRICAL COOLER SET VALUE. WHEN THE TEC IS CONTROLLED MANUALLY THIS VALUE GIVES A TEC CURRENT LINEAR VALUE.”
CHAR


    UNIT
“N/A”
CHAR


    VALID_MAXIMUM
“N/A”
INT


    VALID_MINIMUM
“N/A”
INT


END_OBJECT
COLUMN
ID


8.1.2.5.29  TEC Volt

  OBJECT
COLUMN
ID


    NAME
“TEC_VOLT”
CHAR


    COLUMN_NUMBER
29
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
648
INT


    DESCRIPTION
“THERMO ELECTRICAL COOLER VOLTAGE.”
CHAR


    UNIT
“V”
CHAR


    VALID_MAXIMUM
1.5
REAL


    VALID_MINIMUM
0.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.30  TEC CURR

  OBJECT
COLUMN
ID


    NAME
“TEC_CURR”
CHAR


    COLUMN_NUMBER
30
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
652
INT


    DESCRIPTION
“THERMO ELECTRICAL COOLER CURRENT.”
CHAR


    UNIT
“mA”
CHAR


    VALID_MAXIMUM
5000.0
INT


    VALID_MINIMUM
0.0
INT


END_OBJECT
COLUMN
ID


8.1.2.5.31  CMON5A

OBJECT
COLUMN
ID


    NAME
“CMON5A”
CHAR


    COLUMN_NUMBER
31
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
656
INT


    DESCRIPTION
“VCC CURRENT.”
CHAR


    UNIT
“V”
CHAR


    VALID_MAXIMUM
120.0
REAL


    VALID_MINIMUM
30.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.32  CMON1D

OBJECT
COLUMN
ID


    NAME
“CMON1D”
CHAR


    COLUMN_NUMBER
32
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
660
INT


    DESCRIPTION
“INSTRUMENT CONTROL UNIT CURRENT 1.5V.”
CHAR


    UNIT
“mA”
CHAR


    VALID_MAXIMUM
250.0
REAL


    VALID_MINIMUM
170.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.33 CMON3D

  OBJECT
COLUMN
ID


    NAME
“CMON3D”
CHAR


    COLUMN_NUMBER
33
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
664
INT


    DESCRIPTION
“INSTRUMENT CONTROL UNIT CURRENT 3.3V.”
CHAR


    UNIT
“mA”
CHAR


    VALID_MAXIMUM
450.0
REAL


    VALID_MINIMUM
10.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.34  CMON5D

  OBJECT
COLUMN
ID


    NAME
“CMON5D”
CHAR


    COLUMN_NUMBER
34
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
668
INT


    DESCRIPTION
“INSTRUMENT CONTROL UNIT CURRENT 5.0V.”
CHAR


    UNIT
“mA”
CHAR


    VALID_MAXIMUM
10.0
REAL


    VALID_MINIMUM
0.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.35  VMON5A

  OBJECT
COLUMN
ID


    NAME
“VMON5A”
CHAR


    COLUMN_NUMBER
35
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
672
INT


    DESCRIPTION
“INSTRUMENT CONTROL UNIT VCC VOLTAGE.”
CHAR


    UNIT
“V”
CHAR


    VALID_MAXIMUM
5.3
REAL


    VALID_MINIMUM
5.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.36  V14 Volt

  OBJECT
COLUMN
ID


    NAME
“V14_VOLT”
CHAR


    COLUMN_NUMBER
36
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
676
INT


    DESCRIPTION
“14 V VOLTAGE.”
CHAR


    UNIT
“V”
CHAR


    VALID_MAXIMUM
15.0
REAL


    VALID_MINIMUM
13.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.37  VMON3D

  OBJECT
COLUMN
ID


    NAME
“VMON3D”
CHAR


    COLUMN_NUMBER
37
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
680
INT


    DESCRIPTION
“INSTRUMENT CONTROL UNIT 3.3V VOLTAGE.”
CHAR


    UNIT
“V”
CHAR


    VALID_MAXIMUM
3.4
REAL


    VALID_MINIMUM
3.2
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.38  ISU PDA TEMP

  OBJECT
COLUMN
ID


    NAME
“ISU_PDA_TEMP”
CHAR


    COLUMN_NUMBER
38
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
684
INT


    DESCRIPTION
“PHOTO DIODE ARRAY TEMPERATURE (ON-CHIP THERMISTOR).”
CHAR


    UNIT
“C”
CHAR


    VALID_MAXIMUM
35.0
REAL


    VALID_MINIMUM
-70.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.39  ISU PCB TEMP

  OBJECT
COLUMN
ID


    NAME
“ISU_PCB_TEMP”
CHAR


    COLUMN_NUMBER
39
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
688
INT


    DESCRIPTION
“INSTRUMENT SENSOR UNIT PCB TEMPERATURE.”
CHAR


    UNIT
“C”
CHAR


    VALID_MAXIMUM
50.0
REAL


    VALID_MINIMUM
-50.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.40  PSU PCB TEMP

  OBJECT
COLUMN
ID


    NAME
“PSU_PCB_TEMP”
CHAR


    COLUMN_NUMBER
40
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
692
INT


    DESCRIPTION
“POWER SUPPLY UINT PCB TEMPERATURE.”
CHAR


    UNIT
“C”
CHAR


    VALID_MAXIMUM
55.0
REAL


    VALID_MINIMUM
10.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.41  COOL TEMP

  OBJECT
COLUMN
ID


    NAME
“COOL_TEMP”
CHAR


    COLUMN_NUMBER
41
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
696
INT


    DESCRIPTION
“COOLING CONSOLE TEMPERATURE.”
CHAR


    UNIT
“C”
CHAR


    VALID_MAXIMUM
35.0
INT


    VALID_MINIMUM
-70.0
INT


END_OBJECT
COLUMN
ID


8.1.2.5.42  QUA TEMP

  OBJECT
COLUMN
ID


    NAME
“QUA_TEMP”
CHAR


    COLUMN_NUMBER
42
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
700
INT


    DESCRIPTION
“QUARTZ-BODY TEMPERATURE.”
CHAR


    UNIT
“C”
CHAR


    VALID_MAXIMUM
35.0
REAL


    VALID_MINIMUM
-70.0
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.43   VMON5D

  OBJECT
COLUMN
ID


    NAME
“VMON5D”
CHAR


    COLUMN_NUMBER
43
INT


    BYTES
4
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
704
INT


    DESCRIPTION
“INSTRUMENT CONTROL UNIT 5.0V VOLTAGE.”
CHAR


    UNIT
“V”
CHAR


    VALID_MAXIMUM
5.4
REAL


    VALID_MINIMUM
4.9
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.44  VMON1D

  OBJECT
COLUMN
ID


    NAME
“VMON1D”
CHAR


    COLUMN_NUMBER
44
REAL


    BYTES
4
REAL


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
708
INT


    DESCRIPTION
“INSTRUMENT CONTROL UNIT 1.5V VOLTAGE.”
CHAR


    UNIT
“V”
CHAR


    VALID_MAXIMUM
1.55
REAL


    VALID_MINIMUM
1.4
REAL


END_OBJECT
COLUMN
ID


8.1.2.5.45  ERRORID

  OBJECT
COLUMN
ID


    NAME
“ERRORID”
CHAR


    COLUMN_NUMBER
45
INT


    BYTES
1
INT


    DATA_TYPE
MSB_UNSIGNED_INTEGER
ID


    START_BYTE
712
INT


    DESCRIPTION
“ERROR IDENTIFIER FROM THE LAST IHDM (INSTRUMENT HEALTH DATA MESSAGE) THAT WAS SENT. SEE SIR2 ICD FOR MORE DETAILED INFORMATION.”
CHAR


    UNIT
“N/A”
CHAR


    VALID_MAXIMUM
11
INT


    VALID_MINIMUM
0
INT


END_OBJECT
COLUMN
ID


END




8.1.3 SIR-2 Instrument Housekeeping Data: Data Product Design

8.1.3.1 PDS Version ID 

Keyword
C1-Value
Type
Description

PDS_VERSION_ID
PDS3
ID


8.1.3.2 File Characteristics Data Elements

/*** File Characteristics Data Elements            ***/


Comment

FILE_NAME

CHAR
See section 4.1.4

RECORD_TYPE
FIXED_LENGTH
ID
binary records with fixed lengths 

RECORD_BYTES
2880
INT
Output of data processor

FILE_RECORDS

INT
Number of records in the detached file

INTERCHANGE_FORMAT
ASCII
ID
 

RELEASE_ID
0001
INT


REVISION_ID
0000
INT


8.1.3.3 Pointer to Data Objects

/***   Pointer to Data Objects    ***/


Comment

^SIR2_HK_HEADER
(“FN”)
CHAR
e.g. (“CH1SIR2_NE2_SC_R01971.FIT”,1<BYTES>)

^SIR2_HK_TABLE
(“FN”, 11521 <BYTES>)
CHAR
e.g. (“CH1SIR2_NE2_SC_R01971.FIT”, 11521 <BYTES>))

8.1.3.4 Identification Data Elements

/*** Identification Data Elements


Comment

DATA_SET_ID

ID
e.g. “CH1ORB-L-SIR2-2-NPO-V1.0”

DATA_SET_NAME

CHAR
e.g. “CHANDRAYAAN-1-ORBITER LUNAR SIR2 2 NPO V1.0”

PRODUCT_ID

CHAR
e.g. “CH1SIR2_NE2_HK_R00122”

PRODUCT_CREATION_TIME

TIME
In PDS time standard YYYY-MM-DD”T”HH:MM:SS

PRODUCT_TYPE
EDR
ID
SIR-2 Experiment Data Recored

PROCESSING_LEVEL_ID
2
INT
CODMAC level, 2 for raw/edited data and 3 for calibrated data

PROCESSING_LEVEL_DESC
“EXPERIMENT DATA RECORD”
CHAR







PRODUCER_ID
“SIR2 TEAM”
ID


PRODUCER_FULL_NAME
“DR. URS MALL”
CHAR


PRODUCER_INSTITUTION_NAME
“MAX PLANCK INSTITUTE FOR SOLAR SYSTEM RESEARCH”



DATA_QUALITY_ID
“N/A”
INT
THE DATA QUALITY ID IS DEFINED FOR THE SPECTRAL DATA ONLY. 

DATA_QUALITY_DESC
“N/A”
INT
FOR THE HK DATA A DATA QUALITY ID IS NOT APPLICABLE

MISSION_ID
CH1
ID


MISSION_NAME
“CHANDRAYAAN-1”
ID


INSTRUMENT_HOST ID
CH1ORB
ID


INSTRUMENT_HOST_NAME
“CHANDRAYAAN-1-ORBITER”
ID


MISSION_PHASE_NAME
“NORMAL PHASE  OPERATIONS”
ID
““NORMAL PHASE OPERATIONS”

TARGET_NAME
MOON
ID


TARGET_TYPE
SATELLITE
ID
SATELLITE

8.1.3.5 Data and Time Related Information

/*** Date and Time Related Information    ***/

COMMENT


START_TIME

TIME
In PDS time standard

STOP_TIME

TIME
In PDS time standard

SPACECRAFT_CLOCK_START_COUNT

CHAR
e.g. “8/0034534.3321”.In the form PARTITION / TIME

SPACECRAFT_CLOCK_STOP_COUNT

CHAR


ORBIT_NUMBER
1971
INT
Integer number starting from 1.






8.1.3.6 Instrument Related Parameters

/*** Instrument Related Parameters    ***/

COMMENT


INSTRUMENT_ID
SIR2
ID


INSTRUMENT_NAME
“INFRARED SPECTROMETER 2”
CHAR


INSTRUMENT_TYPE
“INFRARED SPECTROMETER”
CHAR


INSTRUMENT_MODE_ID
OPERATING
ID


INSTRUMENT_MODE_ID_DESC
“OPERATING”
CHAR
SIR-2 is in MEASUREMENT MODE an collecting data.

NOTE
“THIS DATA PRODUCT HAS BEEN GENERATED BY THE GDP SOFTWARE” 
CHAR
Followed by a list of the “SPACE PACKET FILE AND CONFIGURATION FILES USED” and “SPICE KERNELS USED”

8.1.3.7 Data Objects Definition

/* DATA OBJECTS DEFINITION Description     */




OBJECT
SIR2_HK_HEADER
ID


  BYTES
11520
INT
FITs header length

  HEADER_TYPE
FITS
ID


  INTERCHANGE_FORMAT
BINARY
ID


  RECORDS
4
INT
The size of a SIR2 record is defined by the length of a FITS header

  DESCRIPTION
“SIR2 FITS HEADER”
CHAR


END_OBJECT
SIR2_HK_HEADER



8.1.3.7.1 SIR2 HK Table

OBJECT
SIR2_HK_TABLE
ID


   NAME
“SIR2 HOUSEKKEPING DATA”
CHAR


   INTERCHANGE_FORMAT
ASCII
ID


  COLUMNS
24
INT


  ROWS
3776
INT


  ROW_BYTES
245
INT


  DESCRIPTION
“THE FILE CONTAINS A TABLE WITH THE HOUSEKKEPING OF SIR2 SPECTRAL OBSERVATIONS” 
CHAR


END_OBJECT
SIR2_HK_TABLE



8.1.3.7.2 UTC Time

  OBJECT
COLUMN
ID


    NAME
“UTC_TIME”
CHAR


    COLUMN_NUMBER
1
INT


    BYTES
23
INT


    DATA_TYPE
TIME
ID


    START_BYTE
1
INT


    DESCRIPTION
“START TIME OF MEASUREMENT (UTC).”
CHAR


    FORMAT
“A23”



    UNIT
”UT”
FORMATION


VALID_MAXIMUM
”N/A”
FORMATION


VALID_MINIMUM
”N/A”
FORMATION


  END_OBJECT
COLUMN
ID


8.1.3.7.3 SCET Time

  OBJECT
COLUMN
ID


    NAME
“SCET_TIME”
CHAR


    COLUMN_NUMBER
2
INT


    BYTES
17
INT


    DATA_TYPE
CHARACTER
ID


    START_BYTE
25
INT


    DESCRIPTION
“START TIME OF MEASUREMENT (SCET).”
CHAR


    FORMAT
“A17”
CHAR


    UNIT
”N/A”
FORMATION


VALID_MAXIMUM
”N/A”
 FORMATION


VALID_MINIMUM
”N/A”
 FORMATION


  END_OBJECT
COLUMN
ID


8.1.3.7.4 HK Clock

  OBJECT
COLUMN
ID


    NAME
“HK_CLOCK”
CHAR


    COLUMN_NUMBER
3
INT


    BYTES
13
INT


    DATA_TYPE
ASCII_INTEGER
ID


    START_BYTE
43
INT


    DESCRIPTION
“HK CLOCK AT TIME OF MEASUREMENT STARTS. ONE TICK OF THE HK CLOCK CORRESPONDS TO 10 MICROSECONDS.”
CHAR


    FORMAT
“A13”
CHAR


    UNIT
“N/A”
CHAR


    VALID_MAXIMUM
“N/A”
INT


    VALID_MINIMUM
0
INT


END_OBJECT
COLUMN
ID


8.1.3.7.5 HK Clock OBT Synchronization

  OBJECT
COLUMN
ID


    NAME
“HK_CLOCK_OBT_SYNCROIZATION”
CHAR


    COLUMN_NUMBER
4
INT


    BYTES
13
INT


    DATA_TYPE
ASCII_INTEGER
ID


    START_BYTE
57
INT


    DESCRIPTION
“HK CLOCK AT TIME OF OBT SYNCHRONIZATION. ONE TICK OF THE HK CLOCK CORRESPONDS TO 10 MICROSECONDS.”
CHAR


    FORMAT
“A13”
CHAR


    UNIT
“N/A”
CHAR


    VALID_MAXIMUM
“N/A”
INT


    VALID_MINIMUM
“N/A”
INT


END_OBJECT
COLUMN
ID


8.1.3.7.6 OBT Synchronization

  OBJECT
COLUMN
ID


    NAME
“OBT_SYNCRONIZATION”
CHAR


    COLUMN_NUMBER
5
INT


    BYTES
15
INT


    DATA_TYPE
ASCII_REAL
ID


    START_BYTE
71
INT


    DESCRIPTION
“OBT AT TIME OF SYNCHRONIZATION IN MS.”
CHAR


    FORMAT
“F15.5”
CHAR


    UNIT
“N/A”
CHAR


    VALID_MAXIMUM
“N/A”
INT


    VALID_MINIMUM
“N/A”
INT


END_OBJECT
COLUMN
ID


8.1.3.7.7 TEC

  OBJECT
COLUMN
ID


    NAME
“TEC”
CHAR


    COLUMN_NUMBER
6
INT


    BYTES
3
INT


    DATA_TYPE
ASCII_INTEGER
ID


    START_BYTE
87
INT


    DESCRIPTION
“THERMO ELECTRICAL COOLER SET VALUE. WHEN THE TEC IS CONTROLLED MANUALLY THIS VALUE GIVES A TEC CURRENT LINEAR VALUE.”
CHAR


    FORMAT
“I3”
CHAR


    UNIT
“N/A”
CHAR


    VALID_MAXIMUM
“N/A”
INT


    VALID_MINIMUM
“N/A”
INT


END_OBJECT
COLUMN
ID


8.1.3.7.8 TEC Volt

  OBJECT
COLUMN
ID


    NAME
“TEC_VOLT”
CHAR


    COLUMN_NUMBER
7
INT


    BYTES
8
INT


    DATA_TYPE
ASCII_REAL
ID


    START_BYTE
91
INT


    DESCRIPTION
“THERMO ELECTRICAL COOLER VOLTAGE.”
CHAR


    FORMAT
“F8,2”
CHAR


    UNIT
“V”
CHAR


    VALID_MAXIMUM
1.5
REAL


    VALID_MINIMUM
0.0
REAL


END_OBJECT
COLUMN
ID


8.1.3.7.9 TEC CURR

  OBJECT
COLUMN
ID


    NAME
“TEC_CURR”
CHAR


    COLUMN_NUMBER
8
INT


    BYTES
8
INT


    DATA_TYPE
ASCII_REAL
ID


    START_BYTE
100
INT


    DESCRIPTION
“THERMO ELECTRICAL COOLER CURRENT.”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“mA”
CHAR


    VALID_MAXIMUM
5000.0
INT


    VALID_MINIMUM
0.0
INT


END_OBJECT
COLUMN
ID


8.1.3.7.10  CMON5A

  OBJECT
COLUMN
ID


    NAME
“CMON5A”
CHAR


    COLUMN_NUMBER
9
INT


    BYTES
8
INT


    DATA_TYPE
ASCII_REAL
ID


    START_BYTE
109
INT


    DESCRIPTION
“VCC CURRENT.”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“V”
CHAR


    VALID_MAXIMUM
120.0
REAL


    VALID_MINIMUM
30.0
REAL


END_OBJECT
COLUMN
ID


8.1.3.7.11  CMON1D

  OBJECT
COLUMN
ID


    NAME
“CMON1D”
CHAR


    COLUMN_NUMBER
10
INT


    BYTES
8
INT


    DATA_TYPE
ASCII_REAL
ID


    START_BYTE
118
INT


    DESCRIPTION
“INSTRUMENT CONTROL UNIT CURRENT 1.5V.”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“mA”
CHAR


    VALID_MAXIMUM
250.0
REAL


    VALID_MINIMUM
170.0
REAL


END_OBJECT
COLUMN
ID


8.1.3.7.12  CMON3D

  OBJECT
COLUMN
ID


    NAME
“CMON3D”
CHAR


    COLUMN_NUMBER
11
INT


    BYTES
8
INT


    DATA_TYPE
IEEE_REAL
ID


    START_BYTE
127
INT


    DESCRIPTION
“INSTRUMENT CONTROL UNIT CURRENT 3.3V.”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“mA”
CHAR


    VALID_MAXIMUM
450.0
REAL


    VALID_MINIMUM
10.0
REAL


END_OBJECT
COLUMN
ID


8.1.3.7.13  CMON5D

  OBJECT
COLUMN
ID


    NAME
“CMON5D”
CHAR


    COLUMN_NUMBER
12
INT


    BYTES
8
INT


    DATA_TYPE
ASCII_REAL
ID


    START_BYTE
136
INT


    DESCRIPTION
“INSTRUMENT CONTROL UNIT CURRENT 5.0V.”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“mA”
CHAR


    VALID_MAXIMUM
10.0
REAL


    VALID_MINIMUM
0.0
REAL


END_OBJECT
COLUMN
ID


8.1.3.7.14  VMON5A

  OBJECT
COLUMN
ID


    NAME
“VMON5A”
CHAR


    COLUMN_NUMBER
13
INT


    BYTES
8
INT


    DATA_TYPE
ASCII_REAL
ID


    START_BYTE
145
INT


    DESCRIPTION
“INSTRUMENT CONTROL UNIT VCC VOLTAGE.”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“V”
CHAR


    VALID_MAXIMUM
5.3
REAL


    VALID_MINIMUM
5.0
REAL


END_OBJECT
COLUMN
ID


8.1.3.7.15  V14 Volt

  OBJECT
COLUMN
ID


    NAME
“V14_VOLT”
CHAR


    COLUMN_NUMBER
14
INT


    BYTES
8
INT


    DATA_TYPE
ASCII_REAL
ID


    START_BYTE
154
INT


    DESCRIPTION
“14 V VOLTAGE.”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“V”
CHAR


    VALID_MAXIMUM
15.0
REAL


    VALID_MINIMUM
13.0
REAL


END_OBJECT
COLUMN
ID


8.1.3.7.16  VMON3D

  OBJECT
COLUMN
ID


    NAME
“VMON3D”
CHAR


    COLUMN_NUMBER
15
INT


    BYTES
8
INT


    DATA_TYPE
ASCII_REAL
ID


    START_BYTE
163
INT


    DESCRIPTION
“INSTRUMENT CONTROL UNIT 3.3V VOLTAGE.”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“V”
CHAR


    VALID_MAXIMUM
3.4
REAL


    VALID_MINIMUM
3.2
REAL


END_OBJECT
COLUMN
ID


8.1.3.7.17  ISU PDA TEMP

  OBJECT
COLUMN
ID


    NAME
“ISU_PDA_TEMP”
CHAR


    COLUMN_NUMBER
16
INT


    BYTES
8
INT


    DATA_TYPE
ASCII_REAL
ID


    START_BYTE
172
INT


    DESCRIPTION
“PHOTO DIODE ARRAY TEMPERATURE (ON-CHIP THERMISTOR).”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“C”
CHAR


    VALID_MAXIMUM
35.0
REAL


    VALID_MINIMUM
-70.0
REAL


END_OBJECT
COLUMN
ID


8.1.3.7.18  ISU PCB TEMP

  OBJECT
COLUMN
ID


    NAME
“ISU_PCB_TEMP”
CHAR


    COLUMN_NUMBER
17
INT


    BYTES
8
INT


    DATA_TYPE
ASCII_REAL
ID


    START_BYTE
181
INT


    DESCRIPTION
“INSTRUMENT SENSOR UNIT PCB TEMPERATURE.”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“C”
CHAR


    VALID_MAXIMUM
50.0
REAL


    VALID_MINIMUM
-50.0
REAL


END_OBJECT
COLUMN
ID


8.1.3.7.19  PSU PCB TEMP

  OBJECT
COLUMN
ID


    NAME
“PSU_PCB_TEMP”
CHAR


    COLUMN_NUMBER
18
INT


    BYTES
8
INT


    DATA_TYPE
ASCII_REAL
ID


    START_BYTE
190
INT


    DESCRIPTION
“POWER SUPPLY UINT PCB TEMPERATURE.”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“C”
CHAR


    VALID_MAXIMUM
55.0
REAL


    VALID_MINIMUM
10.0
REAL


END_OBJECT
COLUMN
ID


8.1.3.7.20  COOL TEMP

  OBJECT
COLUMN
ID


    NAME
“COOL_TEMP”
CHAR


    COLUMN_NUMBER
19
INT


    BYTES
8
INT


    DATA_TYPE
ASCII_REAL
ID


    START_BYTE
199
INT


    DESCRIPTION
“COOLING CONSOLE TEMPERATURE.”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“C”
CHAR


    VALID_MAXIMUM
35.0
INT


    VALID_MINIMUM
-70.0
INT


END_OBJECT
COLUMN
ID


8.1.3.7.21  QUA TEMP

  OBJECT
COLUMN
ID


    NAME
“QUA_TEMP”
CHAR


    COLUMN_NUMBER
20
INT


    BYTES
8
INT


    DATA_TYPE
ASCII_REAL
ID


    START_BYTE
208
INT


    DESCRIPTION
“QUARTZ-BODY TEMPERATURE.”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“C”
CHAR


    VALID_MAXIMUM
35.0
REAL


    VALID_MINIMUM
-70.0
REAL


END_OBJECT
COLUMN
ID


8.1.3.7.22  VMON5D

  OBJECT
COLUMN
ID


    NAME
“VMON5D”
CHAR


    COLUMN_NUMBER
21
INT


    BYTES
8
INT


    DATA_TYPE
ASCII_REAL
ID


    START_BYTE
217
INT


    DESCRIPTION
“INSTRUMENT CONTROL UNIT 5.0V VOLTAGE.”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“V”
CHAR


    VALID_MAXIMUM
5.4
REAL


    VALID_MINIMUM
4.9
REAL


END_OBJECT
COLUMN
ID


8.1.3.7.23  VMON1D

  OBJECT
COLUMN
ID


    NAME
“VMON1D”
CHAR


    COLUMN_NUMBER
22
REAL


    BYTES
8
REAL


    DATA_TYPE
ASCII_REAL
ID


    START_BYTE
226
INT


    DESCRIPTION
“INSTRUMENT CONTROL UNIT 1.5V VOLTAGE.”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“V”
CHAR


    VALID_MAXIMUM
1.55
REAL


    VALID_MINIMUM
1.4
REAL


END_OBJECT
COLUMN
ID


8.1.3.7.24  CCSDS Counter

  OBJECT
COLUMN
ID


    NAME
“CCSDS_COUNTER”
CHAR


    COLUMN_NUMBER
23
INT


    BYTES
5
INT


    DATA_TYPE
ASCII_INTEGER
ID


    START_BYTE
235
INT


    DESCRIPTION
“PACKET SEQUENCE COUNT IN THE PACKET PRIMARY HEADER (CCSDS STANDARD). THE PACKET SEQUENCE COUNT FIELD PROVIDES THE SEQUENTIAL BINARY COUNT OF EACH SPACE PACKET GENERATED BY THE USER APPLICATION IDENTIFIED BY THEAPID(APPLICATIONIDENTIFIER).”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“N/A”
CHAR


    VALID_MAXIMUM
16383
INT


    VALID_MINIMUM
0
INT


END_OBJECT
COLUMN
ID


8.1.3.7.25  ERRORID

  OBJECT
COLUMN
ID


    NAME
“ERRORID”
CHAR


    COLUMN_NUMBER
24
INT


    BYTES
3
INT


    DATA_TYPE
MSB_UNSIGNED_INTEGER
ID


    START_BYTE
241
INT


    DESCRIPTION
“ERROR IDENTIFIER FROM THE LAST IHDM (INSTRUMENT HEALTH DATA MESSAGE) THAT WAS SENT. SEE SIR2 ICD FOR MORE DETAILED INFORMATION.”
CHAR


    FORMAT
“F8.2”
CHAR


    UNIT
“N/A”
CHAR


    VALID_MAXIMUM
11
INT


    VALID_MINIMUM
0
INT


END_OBJECT
COLUMN
ID


END




8.2 Sample Labels

8.2.1 PDS version

PDS_VERSION_ID
=
PDS3

8.2.2 File Characteristics and data elements

The following keywords are defined for this section:

/*** FILE CHARACTERISTICS ***/                                               

FILE_NAME



= “CH1SIR2_NE2_SC_R01971.LBL " 

RECORD_TYPE


= FIXED_LENGTH                                

RECORD_BYTES


= 2880                                          

FILE_RECORDS


= 3077                                                                                

INTERCHANGE_FORMAT

= BINARY

Most of the keywords in this part are standard PDS keywords. A detailed description is given in the PDS Standard Reference 

Data Object Pointers 

/*** POINTERS TO OBJECTS IN FILE ***/  

^SIR2_SC_HEADER = (“CH1SIR2_NE2_SC_R01971.FIT,1<BYTES>”)                                      

^SIR2_SC_TABLE     = (“CH1SIR2_NE2_SC_R01971.FIT,14401<BYTES>”)

8.2.3 Identification Data Elements

/*** IDENTIFICATION DATA ELEMENTS ***/                                       

DATA_SET_ID                                = "CH1ORB-L-SIR2-2-NPO-V1.0"                     

DATA_SET_NAME                        = "CHANDRAYAAN-1-ORBITER LUNAR SIR2 2 NPO V1.0"    

PRODUCT_ID                                 = "CH1SIR2_NE2_SC_R01971"

PRODUCT_CREATION_TIME     = 2009-04-25T13:44:14                            

PRODUCT_TYPE                           = EDR                                            

PROCESSING_LEVEL_ID             = 2                                              

PROCESSING_LEVEL_DESC       = "EXPERIMENT DATA RECORD"                       

PRODUCER_ID
= SIR2_TEAM                                      

PRODUCER_FULL_NAME
= "DR. URS MALL"                                 

PRODUCER_INSTITUTION_NAME


= "MAX PLANCK INSTITUTE FOR SOLAR SYSTEM RESEARCH"



DATA_QUALITY_ID
= 4                                              

DATA_QUALITY_DESC
= "THE DATA QUALITY ID FOR ALL SPECTRA IN THIS DATA PRODUCT IS CALCULATED AS THE AVERAGE OF THE INDIVIDUAL QUALITY ID FOR EACH SPECTRUM ROUNDED TO AN INTEGER VALUE.

(SEE THE DATA_QUALITY_ID COLUMN OBJECT BELOW)"

                                                                              

MISSION_ID
= CH1                                            

MISSION_NAME
= "CHANDRAYAAN-1"                                

INSTRUMENT_HOST_ID
= CH1ORB                                         

NSTRUMENT_HOST_NAME
="CHANDRAYAAN-1-ORBITER"                        

MISSION_PHASE_NAME
= "NORMAL PHASE OPERATIONS"     

                                                                              

TARGET_NAME
= "MOON"                                         

TARGET_TYPE
= SATELLITE                                      

START_TIME
= 2009-04-19T22:46:48                            

STOP_TIME
= 2009-04-20T00:44:11                            

SPACECRAFT_CLOCK_START_COUNT 
= "9/1032586.19"                                 

SPACECRAFT_CLOCK_STOP_COUNT
= "9/1039629.885"                                

ORBIT_NUMBER
= 1971                                           




8.2.4 Descriptive related parameters                                      

INSTRUMENT_ID
= SIR2                                           

INSTRUMENT_NAME
="INFRARED SPECTROMETER 2"                        

INSTRUMENT_TYPE
= "INFRARED SPECTROMETER"                                 

INSTRUMENT_MODE_ID
= OPERATING                                      

INSTRUMENT_MODE_DESC
= "OPERATING"                                    







NOTE
= "THIS DATA PRODUCT HAS BEEN GENERATED BY THE   

GDP SOFTWARE.                                 

SPACE PACKET FILE AND CONFIGURATION FILES     

USED:                                         

CH1_SIR_SC_0050_2009110072324446_D18.dat   

CH1_SIR2_50_SCDP.tcf                       

CH1_SIR2_50_SCDP_V3.0.dcf                  

CH1_SIR2_50_SCDP_V3.0.pcf                  

SPICE KERNELS USED:                           

NAIF0009.TLS                               

PCK00008.TPC                               

moon_pa_de421_1900-2050.bpc                

moon_080317.tf                             

moon_assoc_me.tf                           

EARTH_TOPO_050714.TF                       

RSSD0002.TF                                

de421.bsp                                  

CH1_V01.TF                                 

CH1_SIR2_V01.TI                            

isro_2008295235703_2010365000000_00.sclk   

isro_21_day_eph_2008298_00.bsp             

isro_21_day_eph_2008315_00.bsp             

8.2.5 Data objects definition

OBJECT
= SIR2_SC_HEADER                                 

  BYTES
= 14400                                          

  HEADER_TYPE
= FITS                                           

  INTERCHANGE_FORMAT 
= BINARY 

  RECORDS
= 5                                              

  DESCRIPTION
= "SIR2 FITS HEADER"                             

END_OBJECT 
= SIR2_SC_HEADER 




OBJECT
= SIR2_SC_TABLE                                  

  NAME                             
="SIR2 SPECTRAL OBSERVATIONS"   

  INTERCHANGE_FORMAT
= BINARY                                         

COLUMNS
=45

  ROWS
= 12423

  ROW_BYTES
= 712                                            

  DESCRIPTION 
= "SIR2 TIME-TAGGED SPECTRAL OBSERVATIONS IN ORIGINAL DIGITAL NUMBER" 

  OBJECT
= COLUMN                                         

    NAME
= "UTC_TIME"                                     

    COLUMN_NUMBER
= 1                                              

    BYTES
= 23                                             

    DATA_TYPE
= TIME                                           

    START_BYTE
= 1                                              

    DESCRIPTION
= "START TIME OF MEASUREMENT (UTC)."             

    UNIT
= "UT"                                           

    VALID_MAXIMUM
= "N/A" 

    VALID_MINIMUM
= "N/A"                                          

  END_OBJECT
= COLUMN                                         

 OBJECT  
= COLUMN

    NAME 
= "SCET_TIME"

    COLUMN_NUMBER 
= 2

    BYTES 
= 17

    DATA_TYPE 
= CHARACTER  

    START_BYTE 
= 24

    DESCRIPTION 
= "START TIME OF MEASUREMENT (SCET)."

    UNIT 
= "N/A"

    VALID_MAXIMUM 
= "N/A"

    VALID_MINIMUM 
= "N/A"  

  END_OBJECT  
= COLUMN

 OBJECT  
= COLUMN

    NAME  
= "EXPOSURE_TIME"

    COLUMN_NUMBER   
= 3

    BYTES  
= 2

    DATA_TYPE  
= MSB_INTEGER

    START_BYTE   
= 41

    DESCRIPTION              

                                           
= "DETECTOR EXPOSURE TIME SPECIFIED IN THIS PARAMETER IS GIVEN IN UNITS OF 8 CLOCK PERIODS. THIS VALUE IS THEN DEPENDING ON THE SENSOR READOUT CLOCK DIVISOR PARAMETER (READDIV), SEE COLUMN OBJECT NAMED READDIV.       THE REAL EXPOSURE TIME CAN BE CALCULATED WITH THIS FORMULA:      EXPOSURE_TIME * 8 / (20MHz / READDIV) ï¿½s WHERE READDIV IS THE SENSOR READOUT FREQUENCY DIVISOR."               

    UNIT  
= "N/A"

    VALID_MAXIMUM 
= 65535

    VALID_MINIMUM 
= 1

    OFFSET 
= 32768

  END_OBJECT                           
= COLUMN

OBJECT
= COLUMN                                         

    NAME
="REAL_EXPOSURE_TIME" 

    COLUMN_NUMBER
= 4                                              

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 43                                             

    DESCRIPTION
="DETECTOR EXPOSURE TIME IN MILLISECONDS."      

    UNIT
= "MS"                                           

    VALID_MAXIMUM 
= "N/A"

    VALID_MINIMUM 
= "N/A"

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "SPECTRUM"                                     

    COLUMN_NUMBER
= 5                                              

BYTES
= 512

    DATA_TYPE
= MSB_INTEGER                                    

    START_BYTE
= 47                                             

    ITEMS                                                                
= 256

    ITEM_BYTES
= 2                                              

    DESCRIPTION
= "DETECTOR 256 PIXEL VALUES PHOTO DIODE ARRAY MEASUREMENTS IN ORIGINAL DIGITALNUMBERS." 

    UNIT
= "N/A" 

    VALID_MAXIMUM
= "N/A"                                          

    VALID_MINIMUM  
= 0

    OFFSET
= 32768                                          

 END_OBJECT
= COLUMN                                    

 OBJECT
= COLUMN                                         

    NAME
= "DATA_QUALITY_ID"                              

    COLUMN_NUMBER
= 6                                              

    BYTES
= 1                                              

    DATA_TYPE
= MSB_INTEGER                                    

    START_BYTE
= 559                                            

    DESCRIPTION
= "THE DATA QUALITY IS EVALUATED ACCORDING TO THE NUMBER OF SATURATED PIXELS OUT OF THE 256 PIXELS.                            

- 4 IS HIGHEST QUALITY, NO SATURATED PIXELS.        - 3 IS HIGH QUALITY, 14 OR LESS - SATURATED. 

- 2 IS MEDIUM QUALITY, 58 OR LESS SATURATED.        - 1 IS LOW QUALITY, 132 OR LESS               

SATURATED.                                  

- 0 IS LOWEST QUALITY, MORE THAN 132 SATURATED.                                  

- -1 IS NON EXISTENT."                        

    UNIT
= "N/A"                                          

    VALID_MAXIMUM
= 4                                              

    VALID_MINIMUM
= -1                                             

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "LONGITUDE"                                    

    COLUMN_NUMBER
= 7                                              

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 560                                            

    DESCRIPTION
= "MOON LONGITUDE AT TARGET POINT"               

    UNIT
= "DEGREES"                                      

    VALID_MAXIMUM
= 180                                           

    VALID_MINIMUM
= -180                                            

  END_OBJECT
= COLUMN                                        

OBJECT
= COLUMN                                         

    NAME
= "LATITUDE"                                     

    COLUMN_NUMBER
= 8                                              

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 564                                            

    DESCRIPTION
= "MOON LATITUDE AT TARGET POINT"                

    UNIT
= "DEGREES"                                      

    VALID_MAXIMUM
= 90                                            

    VALID_MINIMUM
= -90                                             

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "INCIDENCE_ANGLE"                              

    COLUMN_NUMBER
= 9                                              

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 568                                            

    DESCRIPTION
= "THE ANGLE BETWEEN THE TARGET POINT NORMAL VECTOR AND THE TARGET POINT - SUN   VECTOR." 

    UNIT
= "DEGREES"                                      

    VALID_MAXIMUM
= 180                                              

    VALID_MINIMUM
= 0                                            

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "PHASE_ANGLE"                                  

    COLUMN_NUMBER
= 10                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 572                                            

    DESCRIPTION
= "THE ANGLE BETWEEN THE TARGET POINT - SPACECRAFT VECTOR AND THE TARGET POINT - SUN VECTOR." 

    UNIT
= "DEGREES"                                      

    VALID_MAXIMUM
= 180                                              

    VALID_MINIMUM
= 0                                            

  END_OBJECT
= COLUMN                                       

 OBJECT
= COLUMN                                         

    NAME
= "EMISSION_ANGLE"                               

    COLUMN_NUMBER
= 11                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 576                                            

    DESCRIPTION
= "THE ANGLE BETWEEN THE TARGET POINT  

NORMAL VECTOR AND THE TARGET POINT -  

SPACECRAFT VECTOR."                           

    UNIT
= "DEGREES"                                      

    VALID_MAXIMUM
= 180                                              

    VALID_MINIMUM
= 0                                            

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "LOCAL_HOUR_ANGLE"                             

    COLUMN_NUMBER
= 12                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 580                                            

    DESCRIPTION
= "THE ANGLE BETWEEN THE LOCAL SURFACE NORMAL PROJECTED ONTO THE ECLIPTIC PLANE AND THE DIRECTION VECTOR TO THE SUN. IT       

IS GIVEN FOR THE VIEWPOINT ON THE LUNAR SURFACE WITH ABERRATION CORRECTION. THE VALUE IS ALWAYS 0 DEG AT NOON, 90 DEG AT SUNSET, AND 270 DEG AT SUNRISE. THE LOCAL HOUR ANGLE DOES NOT ADVANCE WITH A      

CONSTANT RATE. "  

    UNIT
= "DEGREES"                                      

    VALID_MAXIMUM
= 360                                              

    VALID_MINIMUM
= 0                                            

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "SUB_SPACECRAFT_LONGITUDE" 

    COLUMN_NUMBER
= 13                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 584                                            

    DESCRIPTION
= "SUB SPACECRAFT POINT LONGITUDE."              

    UNIT
= "DEGREES"                                      

    VALID_MAXIMUM
= 180                                           

    VALID_MINIMUM
= -180                                            

  END_OBJECT
= COLUMN                

OBJECT
= COLUMN                                         

    NAME
= "SUB_SPACECRAFT_LATITUDE"                      

    COLUMN_NUMBER
= 14                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 588                                            

    DESCRIPTION
= "SUB SPACECRAFT POINT LATITUDE." 

    UNIT
= "DEGREES"                                      

    VALID_MAXIMUM
= 90                                            

    VALID_MINIMUM
= -90                                             

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "SPACECRAFT_ALTITUDE" 

    COLUMN_NUMBER
= 15                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 592                                            

    DESCRIPTION
= "SPACECRAFT ALTITUDE." 

    UNIT
= "Km"                                           

    VALID_MAXIMUM
= "N/A"                                          

    VALID_MINIMUM
= "N/A"                                          

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "SITIME"                                       

    COLUMN_NUMBER
= 16                                             

    BYTES
= 2                                              

    DATA_TYPE
= MSB_INTEGER                                    

    START_BYTE
= 596                                            

    DESCRIPTION
= "SAMPLE INTERVAL TIME. TIME PERIOD BETWEEN TWO SPECTRA TAKEN IN UNITS OF 10 MILLISECONDS." 

    UNIT
= "N/A"                                          

    VALID_MAXIMUM
= 65535                                          

    VALID_MINIMUM
= 5                                              

    OFFSET
= 32768                                          

  END_OBJECT
= COLUMN                 

 OBJECT
= COLUMN                                         

    NAME
= "MMODE"                                        

    COLUMN_NUMBER
= 17                                             

    BYTES
= 1                                              

    DATA_TYPE
= MSB_UNSIGNED_INTEGER 

    START_BYTE
= 598                                            

    DESCRIPTION
= "MEASUREMENT MODE. THERE ARE TWO POSSIBLE MODES: NORMAL MODE AND AVERAGE MODE. 

IN NORMAL MODE, SINGLE SPECTRA ARE SENT WITH NO PROCESSING. 

IN AVERAGE MODE, A CONFIGURABLE NUMBER OF SPECTRA ARE AVERAGED (ARITHMETIC MEAN) BEFORE THEY 

ARE SENT. 0 MEANS NORMAL MODE 

AND 1 MEANS AVERAGE MODE. 

THE NUMBER OF SPECTRA TO AVERAGE IS SPECIFIED IN THE SPECTRA TOAVERAGE PARAMATER (AVERAG), SEE THE COLUMN OBJECT NAMED AVERAG."                         

    UNIT
= "N/A"                                          

    VALID_MAXIMUM
= 1                                              

    VALID_MINIMUM
= 0                                              

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "AVERAG"                                       

    COLUMN_NUMBER
= 18                                             

    BYTES
= 2                                              

    DATA_TYPE
= MSB_INTEGER                                    

    START_BYTE
= 599                                            

    DESCRIPTION
= "NUMBER OF SPECTRA TO AVERAGE IN AVERAGE MODE. THIS VALUE IS IGNORED IN NORMAL MODE. THE AVERAGING METHOD USED IS THE 

ARITHMETIC MEAN. THE NUMBER IS A POWER OF TWO."                                      

    UNIT
= "N/A"                                          

    VALID_MAXIMUM
= 32768                                          

    VALID_MINIMUM
= 2                                              

    OFFSET
= 32768                                          

  END_OBJECT
= COLUMN    

OBJECT
= COLUMN                                         

    NAME
= "ADCDEL"                                       

    COLUMN_NUMBER
= 19                                             

    BYTES
= 2                                              

    DATA_TYPE
= MSB_INTEGER                                    

    START_BYTE
= 601                                            

    DESCRIPTION
= "ADC TRIGGER DELAY. THE NUMBER OF SENSOR CLOCK PERIODS TO WAIT BETWEEN THE ANALOG PIXEL VALUE BEING AVAILABLE, AND IT BEING READ."                                  

    UNIT
= "N/A"                                          

    VALID_MAXIMUM
= "N/A"                                          

    VALID_MINIMUM
= 0                                              

    OFFSET
= 32768                                          

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "READDIV"                                      

    COLUMN_NUMBER
= 20                                             

    BYTES
= 2                                              

    DATA_TYPE
= MSB_INTEGER                                    

    START_BYTE
= 603                                            

    DESCRIPTION


= "SENSOR READOUT FREQUENCY DIVISOR.DEFINES WHICH NUMBER THE SYSTEM CLOCK (20MHz) HAS BEEN DIVIDED BY TO GET THE SENSOR READOUT CLOCK.READOUT FREQUENCY (MHZ) = 20MHZ/READDIV." 

    UNIT
= "N/A"                                          

    VALID_MAXIMUM
= 65535                                          

    VALID_MINIMUM
= 13                                             

    OFFSET
= 32768                                          

  END_OBJECT
= COLUMN      

 OBJECT
= COLUMN                                         

    NAME
= "NSPEC"                                        

    COLUMN_NUMBER
= 21                                             

    BYTES
= 2                                              

    DATA_TYPE
= MSB_INTEGER                                    

    START_BYTE
= 605                                            

    DESCRIPTION

      
= "WHEN IN MEASUREMENT MORE THIS PARAMETER SPECIFIES THE NUMBER OF SPECTRA TO OBTAIN BEFORE RETURNING TO PREPARATION MODE. IF SET TO ZERO, THE INSTRUMENT WILL STAY IN MEASUREMENT MODE INDEFINITELY." 

    UNIT
= "N/A"                                          

    VALID_MAXIMUM
= "N/A"                                          

    VALID_MINIMUM
= 0                                              

    OFFSET
= 32768                                          

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "PXPER"                                        

    COLUMN_NUMBER
= 22                                             

    BYTES
= 2                                              

    DATA_TYPE
= MSB_INTEGER                                    

    START_BYTE
= 607                                            

    DESCRIPTION


= "PIXEL PERIOD TIME. THE TIME ELAPSED AFTER A PIXEL HAS BEEN SHIFTED OUT UNTIL THE NEXT PIXEL BEING SHIFTED OUT. THE PIXEL PERIOD IS SPECIFIED IN NUMBER OF SENSOR READOUT CLOCK PERIODS (SEE  

THE COLUMN OBJECT NAMED READDIV)."                

    UNIT
= "N/A"                                          

    VALID_MAXIMUM
= "N/A"                                          

    VALID_MINIMUM
= 0                                              

    OFFSET
= 32768                                          

  END_OBJECT
= COLUMN               

OBJECT
= COLUMN                                         

    NAME
= "NSMPL"                                        

    COLUMN_NUMBER
= 23                                             

    BYTES
= 2                                              

    DATA_TYPE
= MSB_INTEGER                                    

    START_BYTE
= 609                                            

    DESCRIPTION 
= "NUMBER OF SAMPLES TAKEN PER PIXEL. IF MORE THAN ONE, ALL SAMPLES WILL BE AVERAGED (ARITHMETIC MEAN) BY THE INSTRUMENT BEFORE BEING SENT." 

    UNIT
= "N/A"                                          

    VALID_MAXIMUM
= "N/A"                                          

    VALID_MINIMUM
= 0                                              

    OFFSET
= 32768                                          

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "CCSDS_COUNTER"                                

    COLUMN_NUMBER
= 24                                             

    BYTES
= 2                                              

    DATA_TYPE
= MSB_INTEGER                                    

    START_BYTE
= 611                                            

    DESCRIPTION


= "PACKET SEQUENCE COUNT IN THE PACKET PRIMARY HEADER (CCSDS STANDARD). THE PACKET SEQUENCE COUNT FIELD PROVIDES THE SEQUENTIAL BINARY COUNT OF EACH SPACE PACKET GENERATED BY THE USER APPLICATION IDENTIFIED BY THE APID (APPLICATIONIDENTIFIER)."

    UNIT
= "N/A"                                          

    VALID_MAXIMUM
= 16383                                          

    VALID_MINIMUM
= 0                                              

    OFFSET
= 32768                                          

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "HK_CLOCK"                                     

    COLUMN_NUMBER
= 25                                             

    BYTES
= 13                                             

    DATA_TYPE
= CHARACTER                                      

    START_BYTE
= 613                                            

    DESCRIPTION 
= "HK CLOCK AT TIME OF MEASUREMENT STARTS. ONE TICK OF THE HK CLOCK CORRESPONDS TO 10 MICROSECONDS."

    UNIT
= "N/A"                                          

    VALID_MAXIMUM
= "N/A"                                          

    VALID_MINIMUM
= "N/A"                                          

  END_OBJECT
= COLUMN                                 

  OBJECT
= COLUMN                                         

    NAME
= "HK_CLOCK_OBT_SYNCRONIZATION"                  

    COLUMN_NUMBER
= 26                                             

    BYTES
= 13                                             

    DATA_TYPE
= CHARACTER                                      

    START_BYTE
= 626                                            

    DESCRIPTION


= "HK CLOCK AT TIME OF OBT SYNCHRONIZATION. ONE TICK OF THE HK CLOCK CORRESPONDS TO 10  MICROSECONDS." 

    UNIT
= "N/A"                                          

    VALID_MAXIMUM
= "N/A"                                          

    VALID_MINIMUM
= "N/A"                                          

  END_OBJECT
= COLUMN                                         




  OBJECT
= COLUMN                                         

    NAME
= "OBT_SYNCRONIZATION"                           

    COLUMN_NUMBER
= 27                                             

    BYTES
= 8                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 639                                            

    DESCRIPTION
= "OBT AT TIME OF SYNCHRONIZATION IN MS." 

    UNIT
= "ms"                                           

    VALID_MAXIMUM
= "N/A"                                          

    VALID_MINIMUM
= "N/A"                                          

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "TEC"                                          

    COLUMN_NUMBER
= 28                                             

    BYTES
= 1                                              

    DATA_TYPE
= MSB_UNSIGNED_INTEGER                           

    START_BYTE
= 647                                            

    DESCRIPTION


= "THERMO ELECTRICAL COOLER SET VALUE. WHEN THE TEC IS CONTROLLED MANUALLY THIS VALUE GIVES A TEC CURRENT LINEAR VALUE."      

    UNIT
= "N/A"                                          

    VALID_MAXIMUM
= "N/A"                                          

    VALID_MINIMUM
= "N/A"                                          

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "TEC_VOLT"                                     

    COLUMN_NUMBER
= 29                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 648                                            

    DESCRIPTION
= "THERMO ELECTRICAL COOLER VOLTAGE." 

    UNIT
= "V"                                            

    VALID_MAXIMUM
= 1.5                                            

    VALID_MINIMUM
= 0                                              

  END_OBJECT
= COLUMN                  

OBJECT
= COLUMN                                         

    NAME
= "TEC_CURR"                                     

    COLUMN_NUMBER
= 30                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 652                                            

    DESCRIPTION
= "THERMO ELECTRICAL COOLER CURRENT." 

    UNIT
= "mA"                                           

    VALID_MAXIMUM
= 5000                                           

    VALID_MINIMUM
= 0                                              

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "CMON5A"                                       

    COLUMN_NUMBER
= 31                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 656                                            

    DESCRIPTION
= "VCC CURRENT."                                 

    UNIT
= "V"                                            

    VALID_MAXIMUM
= 120                                            

    VALID_MINIMUM
= 30                                             

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "CMON1D"                                       

    COLUMN_NUMBER
= 32                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 660                                            

    DESCRIPTION
= "INSTRUMENT CONTROL UNIT CURRENT 1.5V." 

    UNIT
= "mA"                                           

    VALID_MAXIMUM
= 250                                            

    VALID_MINIMUM
= 170                                            

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "CMON3D"                                       

    COLUMN_NUMBER
= 33                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 664                                            

    DESCRIPTION
= "INSTRUMENT CONTROL UNIT CURRENT 3.3V." 

    UNIT
= "mA"                                           

    VALID_MAXIMUM
= 450                                            

    VALID_MINIMUM
= 10                                             

  END_OBJECT
= COLUMN                             

  OBJECT
= COLUMN                                         

    NAME
= "CMON5D"                                       

    COLUMN_NUMBER
= 34                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 668                                            

    DESCRIPTION
= "INSTRUMENT CONTROL UNIT CURRENT 5.0V." 

    UNIT
= "mA"                                           

    VALID_MAXIMUM
= 10                                             

    VALID_MINIMUM
= 0                                              

  END_OBJECT
= COLUMN                                         




  OBJECT
= COLUMN                                         

    NAME
= "VMON5A"                                       

    COLUMN_NUMBER
= 35                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 672                                            

    DESCRIPTION
= "INSTRUMENT CONTROL UNIT VCC VOLTAGE." 

    UNIT
= "V"                                            

    VALID_MAXIMUM
= 5.3                                            

    VALID_MINIMUM
= 5                                              

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "V14_VOLT"                                     

    COLUMN_NUMBER
= 36                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 676                                            

    DESCRIPTION
= "14V VOLTAGE."                                 

    UNIT
= "V"                                            

    VALID_MAXIMUM
= 15                                             

    VALID_MINIMUM
= 13                                             

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "VMON3D"                                       

    COLUMN_NUMBER
= 37                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 680                                            

    DESCRIPTION
= "INSTRUMENT CONTROL UNIT 3.3V VOLTAGE." 

    UNIT
= "V"                                            

    VALID_MAXIMUM
= 3.4                                            

    VALID_MINIMUM
= 3.2                                            

  END_OBJECT
= COLUMN                                         

OBJECT
= COLUMN                                         

    NAME
= "ISU_PDA_TEMP"                                 

    COLUMN_NUMBER
= 38                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 684                                            

    DESCRIPTION
= "PHOTO DIODE ARRAY TEMPERATURE                 

(ON-CHIP THERMISTOR)."                        

    UNIT
= "C"                                            

    VALID_MAXIMUM
= 35                                             

    VALID_MINIMUM
= -70                                            

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "ISU_PCB_TEMP"                                 

    COLUMN_NUMBER
= 39                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 688                                            

    DESCRIPTION
= "INSTRUMENT SENSOR UNIT PCB TEMPERATURE." 

    UNIT
= "C"                                            

    VALID_MAXIMUM
= 50                                             

    VALID_MINIMUM
= -50                                            

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "PSU_PCB_TEMP"                                 

    COLUMN_NUMBER
= 40                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 692                                            

    DESCRIPTION
= "POWER SUPPLY UNIT PCB TEMPERATURE." 

    UNIT
= "C"                                            

    VALID_MAXIMUM
= 55                                             

    VALID_MINIMUM
= 10                                             

  END_OBJECT
= COLUMN                                         




  OBJECT
= COLUMN                                         

    NAME
= "COOL_TEMP"                                    

    COLUMN_NUMBER
= 41                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 696                                            

    DESCRIPTION
= "COOLING CONSOLE TEMPERATURE."                 

    UNIT
= "C"                                            

    VALID_MAXIMUM
= 35                                             

    VALID_MINIMUM
= -70                                            

  END_OBJECT
= COLUMN                                   

 OBJECT
= COLUMN                                         

    NAME
= "QUA_TEMP"                                     

    COLUMN_NUMBER
= 42                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 700                                            

    DESCRIPTION
= "QUARTZ-BODY TEMPERATURE."                     

    UNIT
= "C"                                            

    VALID_MAXIMUM
= 35                                             

    VALID_MINIMUM
= -70                                            

  END_OBJECT
= COLUMN                                         




  OBJECT
= COLUMN                                         

    NAME
= "VMON5D"                                       

    COLUMN_NUMBER
= 43                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 704                                            

    DESCRIPTION
= "INSTRUMENT CONTROL UNIT 5.0V VOLTAGE." 

    UNIT
= "V"                                            

    VALID_MAXIMUM
= 5.4                                            

    VALID_MINIMUM
= 4.9                                            

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "VMON1D"                                       

    COLUMN_NUMBER
= 44                                             

    BYTES
= 4                                              

    DATA_TYPE
= IEEE_REAL                                      

    START_BYTE
= 708                                            

    DESCRIPTION
= "INSTRUMENT CONTROL UNIT 1.5V VOLTAGE." 

    UNIT
= "V"                                            

    VALID_MAXIMUM
= 1.55                                           

    VALID_MINIMUM
= 1.4                                            

  END_OBJECT
= COLUMN                                         

                                                                              

  OBJECT
= COLUMN                                         

    NAME
= "ERRORID"                                      

    COLUMN_NUMBER
= 45                                             



    BYTES
= 1                                              

    DATA_TYPE
= MSB_UNSIGNED_INTEGER                           

    START_BYTE
= 712                                            

    DESCRIPTION


= "ERROR IDENTIFIER FROM THE LAST IHDM (INSTRUMENT HEALTH DATA MESSAGE) THAT WAS SENT. SEE SIR2 ICD  

FOR MORE DETAILED INFORMATION." 

    UNIT
= "N/A"                                          

    VALID_MAXIMUM
= 11                                             

    VALID_MINIMUM
= 0                                              

  END_OBJECT
= COLUMN                                         

                                                                              

END_OBJECT
= SIR2_SC_TABLE                                  

                                                                              

END


 

9 Appendix: Available Software to read PDS files

The software for reading PDS files is depending on the individual operating system which is used. For IDL users with an UNIX operating system the sbnidl 4.0 package is recommended. This is available athttp://pdssbn.astro.umd.edu/nodehtml/software.shtml.  With some modifications it can also be used for other operating systems and IDL versions.   

10 Appendix: Directory Listing of Data Set CH1ORB-SIR2-2-NPO-V1.0

[CH1ORB-SIR2-2-NPO-V1.0]

|

|- AAREADME.TXT                 Overview of the contents and

|                               organization of the volume

|

|- VOLDESC.CAT                  The file containing a description of

|                               the VOLUME object

|

|- [CATALOG]                    A directory containing top level

|     |                         information about the SIR2 dataset in

|     |                         a set of ASCII files

|     |

|     |- CATINFO.TXT            Description of files in the CATALOG

|     |                         directory

|     |

|     |- DATASET.CAT            ASCII file providing information

|     |                         about this dataset

|     |

|     |- INST.CAT               ASCII file providing information

|     |                         about the SIR2 instrument

|     |

|     |- INSTHOST.CAT           ASCII file providing information

|     |                         about the CHANDRAYAAN-1 spacecraft

|     |

|     |- MISSION.CAT            ASCII file providing information

|     |                         about the CHANDRAYAAN-1 mission

|     |

|     |- PERSON.CAT             ASCII file providing information

|     |                         about SIR2 personnel

|     |

|     |- REF.CAT                ASCII file providing

|     |                         SIR2 references

|     |

|     |- SOFT.CAT               This is a dummy software catalog

|     |                         which is required by the PDS standard

|     |                         although no software directory is

|     |                         present in this dataset.

|

|- [DATA]                       The directory containing the actual

|     |                         SIR2 data products, organized in

|     |                         subdirectories

|     |

|     |- [ORBIT_mmmmm_TO_nnnnn] The subdirectory containing the data

|     |     |                   products from orbit number mmmmm to

|     |     |                   orbit number nnnnn

|     |     |

|     |     |- CH1SIR2_NE2_tt_Rnnnnn.FIT

|     |     |                   Data of type tt (either SC for science

|     |     |                   data including housekeeping data

|     |     |                   or HK for housekeeping data only, in

|     |     |                   binary or ASCII format, respectively)

|     |     |                   taken in orbit nnnnn

|     |     |

|     |     |- CH1SIR2_NE2_tt_Rnnnnn.LBL

|     |     |                   PDS label file of the respective FITS

|     |     |                   file

|

|- [DOCUMENT]                   A directory containing documents

|     |                         providing information about the

|     |                         SIR2 dataset

|     |

|     |- ALIGNMENT.PDF          Assessment of the alignment of the

|     |                         SIR2 instrument

|     |

|     |- CLEMENTINE_OFFSET.PDF  This report addresses considerable

|     |                         offsets which have been reported to

|     |                         occur between AMIE images projected

|     |                         onto the Moon's surface and the

|     |                         Clementine basemap.

|     |

|     |- DATA_HANDLING.PDF      Description of the content and

|     |                         format of the SIR2 telemetry data

|     |

|     |- DOCINFO.TXT            Description of files in the DOCUMENT

|     |                         directory

|     |

|     |- EAICD.DOC              Experiment to Archive Interface

|     |                         Control Document, describing how the

|     |                         data from the experiment is organized

|     |                         in this archive

|     |

|     |- GEOMETRY_INDEX.PDF     Description of the concept and the

|     |                         format of the GEO_MOON_INDEX_TABLE

|     |                         provided in the INDEX directory

|     |

|     |- OTHERDOCS.LBL          PDS label file for all documents

|     |                         in this directory without

|     |                         individual label file

|     |

|     |- USER_MANUAL.PDF        Description of the SIR2 instrument,

|     |                         its interfaces, handling, and

|     |                         operations

|

|- [INDEX]                      This directory contains the indices

|     |                         for all data products in the volume

|     |

|     |- GEO_MOON.LBL           Detached PDS label file for the

|     |                         table file GEO_MOON.TAB.  The table

|     |                         provides various geometrical parameters

|     |                         for a sample set of all measurements.

|     |                         The sample set does reasonably encompass

|     |                         the footprints of the complete set of

|     |                         all measurements, cf. the GEOMETRY_INDEX

|     |                         document in the DOCUMENT directory.

|     |

|     |- GEO_MOON.TAB           ASCII table file with one row for

|     |                         each measurement of a sample set of

|     |                         all measurements.  The format and

|     |                         content of each column is described

|     |                         in the PDS label file GEO_MOON.LBL.

|     |

|     |- INDEX.LBL              Detached PDS label file for the

|     |                         table file INDEX.TAB. The table

|     |                         provides a complete listing of all

|     |                         data products in the dataset.

|     |

|     |- INDEX.TAB              Table file with one row for each

|     |                         data product.  The format and content

|     |                         of each column is described in the

|     |                         PDS label file INDEX.LBL.

|     |

|     |- INDXINFO.TXT           Description of files in the INDEX

|     |                         directory

Figure � SEQ "Figure" \*Arabic �1�: Functional principal of SIR-2







































































































































































































































































Figure � SEQ "Figure" \*Arabic �2�: SIR-2 units: O-Box (right), Sensor-Head/Radiator Unit (left) and E-Box.








