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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 full recovery of Nimbus II data from the original media. The data recovered has been restored to the GES DISC archive, one of NASA’s Earth science data centers, under the auspices of the ESDIS Project.

There is also Nimbus II film data that will be addressed in Section 6.

We first provide the goals and requirements of the data recovered from tape, describe the steps involved in validating the data and conclude with the overall status of the restoration.
2 [bookmark: _Toc311106768][bookmark: __RefHeading__5_22057722] Requirements
The Nimbus II data restoration requirements include:
·  Recover the Nimbus II HRIR and MRIR data from the tapes and restore 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 end to end overall process for the restoration 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 (tapes sent to JBI)
· Evaluate data quality of each restored Nimbus II files
· Rename the recovered Nimbus II files
· Identify and remove duplicate files
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Figure 1: Nimbus II Data Recovery Process
Software to read and extract Nimbus II data from the recovered files was developed based on the expected structure of the HRIR and MRIR data as defined by the Nimbus II User Guide.  Details are presented in the Data Recovery Process Guide document referenced in the Appendix.


4 [bookmark: _Toc311106770]  Nimbus II Recovery status
4.1 [bookmark: _Toc311106771] Complete Set of Nimbus II Products
Information on the complete 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. The lists of primary and backup tape names were provided by NSSDC catalogs and were verified for those tapes acquired at GSFC shipped to JBI directly from GSFC. Contents of Shipment #1 and #3 were identified to WNRC by accession number-box number and tape names associated with accession-boxes numbers were based on NSSDC catalogs. References to the lists of tape name for each shipment are provided in the detail explanations below.

	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]NSSDC identified 249 boxes and accession numbers that comprised the Nimbus 2 HRIR collection of 1740 tapes. These boxes were requested from the WNRC and shipped directly to JBI, Inc. on 1/4/2008 in Shipment 1. JBI counted 1703 tapes from the boxes they received. The primary 1740 tape names (and 1710 available backup tape names) from the NSSDC catalog and the 1703 tape names from JBI are identified in the Appendix file named Nimbus-II-HRIR-Shipping-Tape-2010-09-01.xlsx (see Column A, Columns C-F, and Column B rows indicating Shipment #1 respectively). Note that the NSSDC catalog indicated 30 primary tapes have no backup and 34 have two or more backup tapes. 

Two boxes of Nimbus II HRIR were mislabeled and were found at the WNRC. These 14 tapes correspond to tapes that were missing from the shipment of 1703 tapes from JBI. These tapes were shipped from WNRC to JBI to be restored on 5/11/2009 in Shipment #3 (see Column B rows with Shipment #3). They were returned on 4/6/2010 on the disk drive from JBI. 

One box of Nimbus II HRIR was identified to be located in building 28. This box of 7 tapes was shipped from GSFC to JBI for restoration in Shipment 4. These 7 tapes correspond to tapes that were missing from the first shipment of 1703 tapes from JBI (see Column B rows for Shipment #4). 

A number of Nimbus II HRIR primary tapes were not received by JBI and could not be located at GSFC or the WNRC (see bank spaces in Column B). To complete the Nimbus II HRIR collection, the missing tapes will be restored from the backup tapes. Backup tape names start with DC instead of DD. Backup tapes were found for all but one of the 16 missing primary tapes. Primary tape number DD003948 is missing and does not have a backup tape. The 15 available backup tapes were sent from GSFC to JBI in Shipment 5 on October 29, 2009 (see Column G rows indicating Shipment #5). 

Also included in Shipment 4 were 11 backup tapes (see Column G rows with Shipment #4). Included in Shipment 5 were 20 backup tapes because the primary tapes could not be ingested (see Section 4.2). In addition, 13 more HRIR tapes were sent in Shipment 5 because these tapes had 5 or more bad data records (see Column G rows with Shipment #5).Shipment 7, comprising 7 HRIR tapes, was sent on March 25, 2010 from a lost box that never arrived at JBI.  These are listed in Column B rows with Shipment #7).


4.1.2 [bookmark: _Toc311106773] MRIR Products
Table 3 lists the backup and primary tapes containing Nimbus II MRIR data that were sent from GSFC to JBI in Shipment 2 and Shipment #4 respectively. One primary tape did not need to be sent for recovery.
	Nimbus 2 MRIR Backup Tape Name
	Primary Tape Shipment #
	Nimbus 2 MRIR Primary Tape Name
	Backup Tape Shipment #

	DS001549
	2
	DR001549
	4

	DS001550
	2
	DR001550
	4

	DS001590
	2
	DR001590
	4

	DS001636
	2
	DR001636
	4

	DS001637
	2
	DR001637
	4

	DS001638
	2
	DR001638
	4

	DS001639
	2
	DR001639
	4

	DS001677
	2
	DR001677
	NA


[bookmark: _Toc311106759]Table 3: Nimbus II MRIR Tapes

4.2 [bookmark: _Toc311106774] Data Restoration
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 several 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.
The disk drives that come from JBI are stored in Building 28. Two identical copies are made on hard drives and stored in Building 32, one in Atheer Al-Jazrawi’s office N126F (301-614-5439) and one in Tim Lincoln’s office N161-4 (301-614-5441).


4.2.1 [bookmark: _Toc311106775] HRIR Restoration
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.
From the 14 missing tapes (NimbusII-HRIR-Shipping-Table-2010-09-01.xls Column B Shipment #3) we received 11 TAP files. None could be ingested because the reader process went into an infinite loop. On March 25 2011, 13 Nimbus II TAP files were received from JBI. Of these 13 files, two files were new data and the rest were repeat files from previous data deliveries. These new files failed to be processed and went into an infinite loop.
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

	1703
11
2

	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 excel spreadsheet identified in the Appendix entitled NimbusII-HRIR-Inventory-2009-06-09.xls.
This leaves us with 39 Nimbus II HRIR tapes that had to be rejected because of missing orbit documentation, or because they were empty or could not be read. Table 5 lists the 25 primary tapes that could not be read by the software along with the corresponding backup tapes that were found. Of the 25 primary tapes, 5 did not have a designated backup tape. The 20 available backup tapes were sent to JBI in Shipment 5.
	Primary Tape
	Processing Results
	Backup Tape

	DD003018
	missing orbit documentation
	DC002309

	DD003069
	missing orbit documentation
	DC002358

	DD003098
	missing orbit documentation
	DC002539

	DD003165
	missing orbit documentation
	DC002848

	DD003179
	missing orbit documentation
	DC002884

	DD003223
	missing orbit documentation
	DC002886

	DD003274
	missing orbit documentation
	DC002818

	DD003291
	missing orbit documentation
	DC002850

	DD003348
	missing orbit documentation
	DC003006

	DD003368
	missing orbit documentation
	DC003163

	DD003369
	missing orbit documentation
	DC002910

	DD003463
	missing orbit documentation
	DC003094

	DD003565
	missing orbit documentation
	DC003226

	DD003568
	missing orbit documentation
	DC003229

	DD003583
	missing orbit documentation
	DC003242

	DD003602
	missing orbit documentation
	DC003288

	DD003694
	missing orbit documentation
	DC003423

	DD003763
	cannot be read
	DC003510

	DD003885
	cannot be read
	

	DD003886
	missing orbit documentation
	

	DD004119
	missing orbit documentation
	DC005011

	DD004147
	empty data records
	

	DD004299
	missing orbit documentation
	

	DD004341
	cannot be read
	DC004009

	DD004469
	missing orbit documentation
	


[bookmark: _Toc311106761]Table 5: HRIR Primary Tapes Rejected and Backups Sent in Shipment 5


Table6 shows the list of 14 Primary Tapes from the missing box that was found at WNRC (NimbusII-HRIR-Shipping-Table-2010-09-01.xls Column B Shipment #3). These tapes were sent to JBI in Shipment 3 and 13 TAP files were returned. All had infinite loop errors. The associated Backup Tapes have not yet been sent to JBI yet.
	Primary Tape
	Processing Results
	Backup Tape

	DD002935
	Infinite loop error
	DC002205

	DD002936
	infinite loop error
	DC002206

	DD002937
	infinite loop error
	DC002207

	DD002938
	infinite loop error
	DC002208

	DD002939
	No TAP file received
	DC002209

	DD002940
	infinite loop error
	DC002210

	DD002941
	infinite loop error
	DC002211

	DD002957
	infinite loop error
	DC002229

	DD002958
	Infinite loop error?
	DC002230

	DD002959
	infinite loop error
	DC002231

	DD002960
	infinite loop error
	DC002232

	DD002961
	infinite loop error
	DC002233

	DD002962
	infinite loop error
	DC002234

	DD002963
	infinite loop error
	DC002235


[bookmark: _Toc311106762]Table 6: Nimbus II HRIR Primary Tapes found at WNRC


4.2.2 [bookmark: _Toc311106776] MRIR Restoration

Table 7 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 7: Nimbus II HRIR Data Recovery by Files
A detailed accounting of the results of each step is available in the excel spreadsheet identified in the Appendix entitled NimbusII-MRIR-Inventory-2009-06-09.xls.
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%

Table 8 lists the backup tapes sent in Shipment 5 (see Table 5) of which the primary had 5 or more bad data records. One of the backup tapes in this category – DC004574- was not included in shipment 5.
	Primary Tape
	Bad Data Records
	Backup Tape

	DD003001
	5 or more
	DC002295

	DD003048
	5 or more
	DC002337

	DD003070
	5 or more
	DC002359

	DD003119
	5 or more
	DC002616

	DD003186
	5 or more
	DC002693

	DD003269
	5 or more
	DC002849

	DD003532
	5 or more
	DC003182

	DD003666
	5 or more
	DC003393

	DD004209
	5 or more
	DC003760

	DD004323
	5 or more
	DC003995

	DD004585
	5 or more
	DC004559

	DD003967
	5 or more
	DC004626

	DD004174
	5 or more
	DC005265

	DD004179
	5 or more
	DC004574


[bookmark: _Toc311106764]Table 8: Backup Tapes for Primary tapes having 5 or more bad data records

Table 9 lists the 49 Primary Tapes whose recovered files had between 2 and 4 bad data records. The Primary Tape DD003613 did not have a corresponding Backup Tape. The 48 Backup Tapes were sent to JBI in Shipment 7.
	Primary Tape
	Bad Data
	Backup Tape
	
	Primary Tape
	Bad Data
	Backup Tape

	DD002916
	2-4 records
	DC002412
	
	DD003775
	2-4 records
	DC003533

	DD002952
	
	DC002225
	
	DD003792
	
	DC002915

	DD002992
	
	DC002286
	
	DD003802
	
	DC003565

	DD002995
	
	DC002289
	
	DD003809
	
	DC003572

	DD003006
	
	DC004560
	
	DD003871
	
	DC004444

	DD003017
	
	DC002308
	
	DD003877
	
	DC002936

	DD003023
	
	DC002313
	
	DD003897
	
	DC004505

	DD003049
	
	DC002338
	
	DD003908
	
	DC004538

	DD003153
	
	DC002534
	
	DD003945
	
	DC004615

	DD003226
	
	DC002701
	
	DD004018
	
	DC005372

	DD003298
	
	DC002839
	
	DD004059
	
	DC000090

	DD003499
	
	DC003924
	
	DD004227
	
	DC002662

	DD003509
	
	DC003167
	
	DD004261
	
	DC003879

	DD003592
	
	DC004087
	
	DD004262
	
	DC003880

	DD003611
	
	DC003296
	
	DD004288
	
	DC003926

	DD003613
	
	NA
	
	DD004302
	
	DC002729

	DD003614
	
	DC003298
	
	DD004399
	
	DC004075

	DD003644
	
	DC003375
	
	DD004406
	
	DC004093

	DD003649
	
	DC003378
	
	DD004417
	
	DC004100

	DD003693
	
	DC003422
	
	DD004418
	
	DC004216

	DD003699
	
	DC003433
	
	DD004459
	
	DC004133

	DD003730
	
	DC003481
	
	DD004464
	
	DC004161

	DD003752
	
	DC003499
	
	DD004484
	
	DC004173

	DD003756
	
	DC003503
	
	DD004571
	
	DC002620

	
	
	
	
	DD004582
	
	DC004242


[bookmark: _Toc311106765]Table 9: Primary Tapes with recovered files that had 2-4 bad data records


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

	NimbusII-HRIR-Shipping-Table-2010-09-01.xls
	This document provides a list of all the NSSDC primary and backup tapes of the entire collection of Nimbus II HRIR data.  The associated shipment information is included.

	NimbusII-HRIR-Inventory-2009-06-09.xls
	This table contains 5 separate sheets. 
1. The 1st is primary-backup tape listing, 
2. Mapping to WNRC accession-box number,
3. Mapping between the original NSSDC tape name and the name of the files ingested and archive under S4Pa at the GES DISC,
4. Lists for each DISC name the errors detected (number of bad records, number of tape parity errors, and number of byte errors;
5. Provides for each Nimbus II HRIR file ingested at the DISC (one file per orbit) the orbit information documentation record as described in the Nimbus II users' guide.

	NimbusII-MRIR-Shipping-Table-2010-09-07.xls
	This document provides a list of all the NSSDC primary and backup tapes of the entire collection of Nimbus II MRIR data. The associated shipment information is included.

	NimbusII-MRIR-Inventory-Table-2009-04-08.xls

Film Data Inventory
	This document lists all tapes and results of ingest processing and error checking

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
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


