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1 [bookmark: _Toc311106767]  Introduction
This document describes the overall process and status of the Nimbus II High Resolution Infrared Radiometer (HRIR) data recovery from the original 7-track computer tapes and the Medium Resolution Infrared Radiometer (MRIR) data recovery from the original 9-track computer tapes. The purpose of this document is to attest to the recovery of Nimbus II data from the original media. The recovered data has been placed in the GES DISC archive, one of NASA’s Earth science data centers, under the auspices of the ESDIS Project.

In addition, there is Nimbus II film data that will be addressed in Section 6.

We first provide the goals and requirements for this effort, describe the steps involved in validating the data, and conclude with the overall status of the recovery.
2 [bookmark: _Toc311106768][bookmark: __RefHeading__5_22057722] Requirements
The Nimbus II data recovery requirements include:
·  Recover the Nimbus II HRIR and MRIR data from the tapes and recover the data to files on disk
·  Assess the overall success and identify when bad records and bytes have not been successfully   
  recovered
·  Compute and archive checksums of all Nimbus II files recovered.
·  Ingest Nimbus II data into the S4PA system at GES DISC 
·  Make Nimbus II data available to users via web
·  Publish Nimbus II metadata to ECHO/Reverb and by doing so make it available to the public
·  Provide enough documentation on-line for a user to understand how to write a utility to read 
  Nimbus II data and know the quality of the data.
3 [bookmark: _Toc311106769] Nimbus II Data Recovery Process
The overall process for the recovery of Nimbus II products is illustrated in Figure 1. This document focuses only on the NASA validation and QA which can be divided into the following steps:
· Assess completeness of the catalog and inventory
· Read and extract Nimbus II data from the tapes
· Evaluate data quality of each recovered Nimbus II files
· Rename the recovered Nimbus II files
· Identify and remove duplicate files
The data extraction from tape is being done by John Bordynuik Inc (JBI), a company which specializes in media recovery.
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Figure 1: Nimbus II Data Recovery Process

4 [bookmark: _Toc311106770]  Nimbus II Recovery status
4.1 [bookmark: _Toc311106771] Known Set of Nimbus II Products
Information on the known set of Nimbus II products was obtained from NSSDC catalog listing of primary and backup Nimbus II tapes. Summary information from NSSDC is shown in Table 1. Supplemental information was gathered from published documents and papers on Nimbus II instrument performance and science results.

	Data set Name
	Media type
	Quantity
	Time span

	Nimbus 2 HRIR
Nimbus 2 MRIR
	7-track computer tapes
9-track computer tapes
	1740
8
	1966-05-15 to 1966-11-15
1966-05-15 to 1966-07-28


[bookmark: _Toc311106757]Table 1: NSSDC Catalog Dataset Names, Storage Media and Time Span

Table 2 provides a summary of the Nimbus II tape shipments from WNRC to JBI and from GSFC to JBI. 

	Shipment #
	Date
	Shipped From
	Quantity Tapes

	1
	Jan 2008
	WNRC
	1740 HRIR primary tapes (1703 received)

	2
	Mar 2009
	GSFC
	8 MRIR backup tapes

	3
	May 2009
	WNRC
	14 HRIR primary tapes

	4
	Aug 2009
	GSFC
	7 HRIR primary tapes; 11 HRIR backups; 7 MRIR primary tapes

	5
	Oct 2009
	GSFC
	41 HRIR backup tapes

	7
	Apr 2010
	GSFC
	7 HRIR backup tapes


[bookmark: _Toc311106758]Table 2: Nimbus II Tape Shipping Summary


4.1.1 [bookmark: _Toc311106772] HRIR Products
[bookmark: __RefHeading__13_22057722][bookmark: _Toc267995783]The NSSDC catalog lists 1740 primary Nimbus II HRIR tapes. Note that the NSSDC catalog indicated 30 primary tapes have no backup and 34 have two or more backup tapes. 

A number of Nimbus II HRIR primary tapes were not received by JBI and could not be located at GSFC or the WNRC, so backup tapes were sent when available. The detailed shipment information is in the inventory listed in the Appendix in Table 10.
4.1.2 [bookmark: _Toc311106773] MRIR Products
Eight backup tapes were sent to JBI, and 7 of the 8 primary tapes were later sent. One primary tape did not need to be sent for recovery. The shipment information is in the inventory listed in the Appendix in Table 10. 
4.2 [bookmark: _Toc311106774] Data Recovery
A tape emulation format was developed by JBI to represent the data recovered from all of files found on 7 and 9 track computer-compatible magnetic tapes. Data recovered from a tape is structure according to the emulation format and copied to a TAP file. A TAP file contains headers that indicate the length of the previous and next record. The records were not changed during the restoration so that the TAP files delivered by JBI exactly matches what was recorded on the original tapes. This means that each TAP file delivered by JBI may contain data from one or more files that were originally on the tape. To make subsequent processing easier, data from each original file was extracted and stored on disk as a separate TAP file.
4.2.1 [bookmark: _Toc311106775] HRIR Recovery
We received 1703 Nimbus II HRIR TAP files from JBI on an external USB hard disk. Out of the 1703 Nimbus II HRIR tapes that were restored during the first batch of tapes sent to JBI, a few tapes were empty or could not be read with the standard process. A file is not readable if orbit documentation record is missing, if some of the orbit documentation fields are corrupted, or if the overall structure of the TAP format is not consistent with the description in the User’s Guide. A few files were treated as duplicates when they had the same start date and time. When this situation occurred, the files were compared and the one with the longest time span and the least number of bad records were selected for ingest and archive. A total of 1678 tapes were read successfully and split into to 2507 TAP files. After removing the duplicate files and the empty files, 2470 Nimbus II HRIR TAP files were ingested and archived into S4PA at the GES DISC.
On March 25 2011, 13 Nimbus II TAP files were received from JBI. These split into 19 tap files and they were ingested on September 14, 2012. On March 27, 2012, we received 42 additional N2 files.  These split into 48 files and they were ingested on November 7, 2012. 
Table 4 highlights the process and status from Nimbus II HRIR restored data.
	Step
	Description
	# Tapes
	# Files

	1
	7-track tape images stored on disk 
	1703
14

42
	1703
11
2
42

	2
	Extract each file of recovered tapes which could be read (exclude the “bad” tapes)
	1678

	2507

	3
	Identified duplicate files (same starting date and time)
	
	67

	4
	Assessed quality of duplicate files by checking the number of “bad” byes, “bad” records.  Keep best quality files that have the largest coverage
	
	32

	5
	Renamed Nimbus II HRIR file according to the file convention. 2 files were removed because they were empty.
	
	2470

	6
	Ingested and archived into S4PA at GSFC DISC.
	
	2470


[bookmark: _Toc311106760]Table 4: Nimbus II HRIR Data Recovery by Files

A detailed accounting of the results of each step is available in the inventory listed in the Appendix in Table 10.
30 Nimbus II HRIR tapes that had to be rejected because of missing orbit documentation, or because they were empty or could not be read. The available backup tapes were sent to JBI.

4.2.2 [bookmark: _Toc311106776]MRIR Recovery

Table 5 highlights the process and status from Nimbus II MRIR restored data.
	Step
	Description
	# Tapes
	# Files

	1
	9-track tape images stored on disk
	8
	8

	2
	Extract each file of recovered tapes which could be read (exclude the “bad” tapes)
	
	1771

	3
	Tapes & files with BCD label but empty (104 bytes)
	8
	79

	4
	Tapes & Files rejected by software because of unrecognized format or unrecovered data.
	4
	7

	5
	Renamed Nimbus II HRIR file according to the file convention.
	
	1685

	6
	Duplicate files
	
	69

	7
	Ingested and archived into S4PA at GSFC DISC.
	
	1616


[bookmark: _Toc311106763]Table 5: Nimbus II HRIR Data Recovery by Files
A detailed accounting of the results of each step is available in the inventory listed in the Appendix in Table 10.
MRIR data were received from the 8 Primary Tapes sent to JBI in Shipment #2. Out of the 1771 files found on the tapes, 79 started with a BCD label and were otherwise empty. The software based on the data structure documented in the Nimbus II User’s Guide could not read 7 of the files but was able to read 1685 files. A total of 69 files had duplicate data and were excluded. On May 11 2009, 1616 files were ingested into S4PA.
4.3 [bookmark: _Toc311106777] Data Integrity
The Nimbus II files were checked for bad records or bytes. Bad records are identified in the TAP files by a negative record length.  A negative record contains the absolute value of the number of bytes but some of the bytes could not be restored and were filled blank values.  The minus sign is used to indicate a record contains data that could not be restored.  Good records are indicted by a positive record length.  Each 7 bits restored from the Nimbus II tapes are stored in a byte (number 0 to 7th bit).  The 6th bit contains the tape parity and the 7th bit set to 1 indicates that a byte could not be restored.  A good byte has the 7th bit set to zero.
4.3.1 [bookmark: _Toc311106778] HRIR Integrity
The 2470 Nimbus II HRIR files were checked for any bad records or bytes.
In summary:
· 602650 records were marked as “good” (i.e., record length is positive)
· 467 records were marked as “bad” (i.e., negative record length)
· total number of bad bytes: 24 (i.e., most significant bit is flagged as bad)
· total number of tape parity errors: 913569 (most of them are as associated with “bad” records (i.e., next most significant parity bit doesn’t match tape parity bit)
· percentage of negative temperatures (out of range, bad values) 2.3%

4.3.2 [bookmark: _Toc311106779] MRIR Integrity
[bookmark: __RefHeading__19_22057722]From the 1616 good files, 9 had errors in the data record. The 7 files which could not be read and the 9 files that had errors in the data record map to 7 of the primary tapes. One of the primary tapes, DS001677, was read entirely without error. The 7 backup tapes were sent to JBI in shipment 4.
5 [bookmark: __RefHeading__21_22057722][bookmark: _Toc267995785][bookmark: _Toc311106780] Nimbus II Remaining work

1) Receive and process files recovered from MRIR Backup Tapes in Table 3.
2) Receive and process files recovered from HRIR Backup Tapes in Table 5, Table 7 and Table 8.
3) Determine whether additional data was recovered from the MRIR and HRIR Backup Tapes and add/replace as appropriate in S4PA.
4) Receive and process the missing TAP files in Table 6. Add new files to S4PA. Determine which Backup Tapes should be sent in Table 6 and send the Backup Tapes to JBI for recovery.
5) Write an assessment on whether it was useful to recover additional data from the Backup Tapes.
6) Determine when all HRIR and MRIR data that can be reasonably expected to be recovered has been recovered, ingested into S4PA and the integrity is good, finalize this report and prepare a briefing for NARA liaison.
7) Signal JBI that the tapes in their custody can be destroyed.
8) Identify the remaining Backup Tapes at WNRC and NSSDC, retrieve and have them destroyed.


6 [bookmark: _Toc311106781] Nimbus II Film Data

There are scanned negatives of photofacsimile 70mm film strips from the Nimbus II HRIR. The images contain orbital nighttime (3.5 to 4.1 microns) cloud cover of the Earth's surface temperature. Each orbital swath picture is gridded with geographic coordinates and covers a distance approximately from the north pole to the south pole. The images are saved as JPEG 2000 digital files. About 7 days of images are archived into a TAR file. The processing techniques used to produce the data set and a full description of the data are contained in section 3.4.1 of the "Nimbus II Users' Guide." 
These images can be used to supplement the radiance data files from tape data. The image files can be viewed with any application that supports the JPEG 2000 format.

[bookmark: __RefHeading__23_22057722]A list of images available is on the film inventory spreadsheet,  “Film Data Inventory”.
[bookmark: _Toc311106782]7 Nimbus II Appendix
Several documents have been generated to provide a full traceability of all the NSSDC tapes recovered,  the names of the Nimbus II HRIR files ingested at the GES DISC, and general information such as errors detected and orbit information.  Tables 10 describes the content of each document. Most of these documents are available on the GES DISC Nimbus website, at: http://disc.sci.gsfc.nasa.gov/nimbus.

	Document name
	Description

	Nimbus II HRIR Inventory 20121211.xls
	Results and Shipping information for N2 HRIR

	Nimbus II MRIR Inventory 20120906.xls
	Results and Shipping information for N2 MRIR

	Film Data Inventory
	This document is the inventory of all Nimbus film data


[bookmark: _Toc311106766]Table 10: List of Nimbus II Documents













Acronym List

ECHO = Earth Observing System Clearinghouse
ESDIS = Earth Science Data and Information System
FRC = Federal Record Center
GES DISC = Goddard Earth Sciences Data and Information Services Center
HRIR = High Resolution Infrared Radiometer 
JBI = John Bordynuik Inc
MRIR = Medium Resolution Infrared Radiometer
NSSDC = National Space Science Data Center
QA = Quality Assurance
S4PA = Simple, Scalable, Script-Based, Science Product Archive
TAP = (a proprietary tape emulation format developed by JBI)
WNRC = Washington National Records Center


